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FOREWORD 

The first edition of Beet-Sugar Technology, published in 1951, was an 
outgrowth ofa  series of articles on the manufacture ofbcet sugar which appeared in 
Spreckels Sugar Company's house organ, "Honey Dew News." According to Carl 
J. Moroney, then president ofthe Company, "It was planned at the very outset that 
the material in the series of articles referred to, when completed would be published 
in permanent book form for the benefit, not only ofour Company's own employees, 
but of all workers in and students of the sugar industry generally." 

The planning of the hook did not adequately provide for its unexpected 
popularity. Very soon after its publication the supply of the first edition was ex. 
hausted. Even though several very fme books had at this time become available on 
beet sugar manufacturing technology, none was in the English language. 

Thc North American Industry pondered the options of either reprinting the 
first edition or publish a second edition to fill this void. It was the officers and dime 
tors of the Beet Sugar Development Foundation who decided that a second edition 
was the most plausible approach and that such a venture should have technical and 
financial support from the industry as-a-whale. 

It was good fortune to have such a decision coming concurrent with the retire- 
ment of the first edition editor from his post with Spreckels Sugar Company. All 
rights were acquired and Dr. R. A. McGiinis agreed to proceed with a new and 
considerably expanded publication which would carry a 1971 date. 

Within a decade, a rapidly dwindling supply became apparent and a decision 
to either reprint the "new" second edition or publish a third edition was to he 
made, A study revealed that nearly 2 5  percent of the second edition required correc- 
tion, revision or updating. Again the officers and directors of the Beet Sugar 
Development Foundation elected to underwrite and publish a new edition with Dr. 
McCinnis serving as editor and a majority ofthe contributors repeating as authors 
and revisors. 

I t  is our sincere wish that this edition again will serve in strengthening the 
technical base for the art of beet sugar manufacture. Again, we hope that it will 
serve as a tribucc to the many technologists, living and dead, who by their in- 
telligence and labon have established for posterity the impressive structure of 
technology described herein. We gratefully acknowledge with deep appreciation the 
many hours of composing, writing and p r o o h g  which have been donated by all 
who have contributed to this book. It has been a labor of love and pride. May it all 
serve the industry well. 

T H E  OFFICERS AND DIRECTORS 
Beet Sugar Development Foundation 



PREFACE 
As with the previous editions, this book is addressed to three classes of 

readers: the beet-sugar factory technologists. for instructional and reference pur- 
poses, the sugarbeet growers and others connected with or interested in the industry 
for general information, and professional engineers, chemists and technical college 
students. as a reference manual. 

In scape. all phases of beet-sugar manufacture are included, with the exccp- 
tion of organization, financing, and marketing. 

The d i k i n g  requirements of the three reader groups call for both elementary 
and advanced treatments. T o  meet these requirements, elementary discussions have 
been given of most subjects, with additional advanced material on subjects and unit 
operations peculiar to the beet-sugar industry. In other words, unit operations 
which are given advanced treatment in other modern books are here given less 
space. 

All sections ofthe book have been brought up to date as required. In addition, 
the chapter on “Crystallization” has been greatly expanded. 

The sections on “The Barium Saccharate Process” and “Recovery of Amino 
Acids” have been deleted as no longer of interest to the North American Industry. 
Two of the Appendices have also been removed. as of questionable value. 

New revising authors of this edition include Glen W. Yeager, R.E. Wyse, 
R.M. Sequeira, W. Akeoon, J.M. Buchcrt, Donald L. Stewart, J.H. Leavell, C.T. 
Chua. M. Bolinder, and S.S. Martin. 

The revisors of this edition have been drawn from the following sources 
(employed, or formerly employed by): The Amalgamated Sugar Company (Z), 
American Crystal Sugar Company (Z), Calgon Corporation ( I ) ,  Canadian Sugar 
Factories ( I ) ,  The Great Western Sugar Company (3), Holly Sugar Corporation (5 ) ,  
Johns-Manville ( I ) ,  Michigan Sugar Company (Z), MinnDak Farmers Cooperative 
(Z), Amstar Corporation, Spreckels Sugar Division (14), Tandam Associates (1). 
U.S.D.A. Crops Research Laboratories (Z), and Western States Machine Company 

Major credits, after the authors, must be given to the reviewers of the in- 
dividual sections. whose constructive comments helped form the final test. Three 
men, W.W. Blankenbach, the late L.T. Jensen and P.H. Lott reviewed virtually 
every section. Reviews of a large number of the individual sections were made by 
the late Orville Barber, W.W. Barr, Burnall Brown, F.F. Coons, F.G. Eis, W.D. 
Foley, R.S. Gaddie, E.M. Harunann, G.W. Miles, Jr., L.W. Norman, the late Guy 
Rorabaugh, H.G. Rounds, D.J. Stewart, A.L. Stock, E.F. Trojan, and M.A. 
Woods. 

Certain individuals gave particularly valuable help with specific sections: 
“Sucrose Formation,” W. Akeson, R.C. Johnson, Kent Nielsen, P.B. Smith, and 
R.R. Wood; “Chemistry,” A. Carruthers (England). T. Chadwick, M. Cleary. R.E. 
Hallbeck, J.R. Johnson, R.B. Lew. the late R.M. McCready, Daniel Muller, 
Whitney Newton, 11, the late G. Rorabaugh, K.W.R. Schocnmck, and J.P. 
Thomas; “Juice Purification.” S. Heiner, C.H. Iverson, A.P. Nielsen, and H.G. 
Rounds; “Filtration,” S.L. Force; “Evaporators,” F.F. Coons, C.A. Summen; 
“Dried Pulp,” C.H. Iverson; “Elccuical Power,” S. Heiner; “Process Control,” 
K. Conado; “Instruments.” J.E.A. Rich “Technical Accounting,” H.O. Ebell, 
the late H.F. Haney, and J.E. Hedde. 

(1). 



xu PREFACE 

Sincere thanks are due to individuals who furnished materials for the various 
sections, in the forms of data, drawings, graphs. photos, or other information: 
"Agriculture," A.C. Parker, L. Henry; "Sucrose Formation." A.A. Armer, R.T. 
Johnson, G.G. Nordstrom; "Chemistry." G.W. M a g ,  R.M. Sequeira; "Tare 
Laboratory," W.W. Barr, S.E. Bichsel. C.O. Caprin, J. Cancelarich, P. Cherniav- 
sky, R.A. Fogg, M.G. Frakes, H.F. Haney, J.E. Hedde, J.R. Johnson, L. Langlais, 
M.C. Mertes, J.M. Silver, and Claes Weihull (Sweden); "Beet Storage," S. Ander- 
son, J. Angus, S. Bass, P. Brimhall. R.A. Fogg, J.W. Hall, R.C. Johnson, G. 
Nichol, J. Nieder, D.L. Oldemeyer, F.B. Russell. E.L. Swift, J.C. Tanner, and R.E. 
Wyse; "Diffusion." F.M. Sabine (deceased) and C.  Steele; "Juice Purification," 0. 
Barber, S.E. Bichsel, H. Briiniche-Olsen (Denmark), PJ.  Hatch. J.A. Hupfer, and 
S. Stachenko; "Lime and Carbon Dioxide," D.J. Annis, V.J. Azbe, P.L. Reikr ,  
and W.H. Weisa; "Molasses." M.G. Auth; "Elecuical Power," R.J. Homath; 
"Process Control," J.P. Schratz; "Instruments," J. Roberts and J.E.A. Rich; 
"Technical Accounting," W.W. Barr and J. Landyrhev. 

Many of the special drawings for the illustrations were made by Dennis 
Fischer. The authors ofthe chapters on Chemistry and Crystallization made most of 
their own drawings, and the special foldout sheet was drawn by the editor. 

As before, it was a pleasure to have experienced the full cooperation of J.H. 
Fischer and his staNat Fort Collins. Jim Fischer's talents were used in every phase 
of the book's production, from miscellaneous art work through all the details of a 
large-scale printing project. His years of experiencc in the publication of other 
books and of the Society's Journal were very valuable. 
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Chapter I 

AGRICULTURE' 
General and Distribution of Sugarbeets. The sugarbeet crop has been 

developed only during the past 110 years in the five continents of the world. By 
1979 the share of the world sugar production from sugarbeets had increased to 42% 
of the total. Sugarkets are grown on an estimated 20 million acres in 41 countries 
of the world, It is an essential factor in the agriculture and industry of many of these 
countries, not only far the protection of a supply of home-grown sugar. hut also as 
an important feed for livestock. 

Growing of beets is important in most European countries for the protein 
supplied in the beet foliage, as well as the carbohydrate in sugarbeet pulp. Russia is 
the largest producer of beet sugar, with more than twelve million acres reported. 
Poland produces 1 375 000 and France 1 370 000 acres. Acreage planted by other 
major producing nations includes West Gemany 1 085 000, England 538 000 and 
Italy 595 000. In the United States the acreage planted to sugarbeets in 1979 
was 1.16 million. The crop is grown in 17 of the 50 states, and grows in the winter 
months below sea level in the Imperial Valley of California and in the summer in 
Colorado at an altitude above 5 000 ft. 

A -  with mmt American rro?q: records show phenomenal increases in the per- 
acre sugarbeet production. The average root yield per acre 50 years ago (US. 
1915~1924) was 9.75 tons. whereas the last IO-year period has reached 19.92 tons 
for the United States (I) .  Figure 1-1 shows the increase in yield during the 60-year 
period 1915 to 1976. 
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Botany and Growth Character of Sugarbeeta. The sugarbeet is a member 
of the Goosefoot (Chenopodiaceae) family, together with red beets, spinach, pig 
weed, lambsquarter, and Russian thistle. The species Belo vulgaris includes 
sugarbeets, table beets, Swiss chard. and mangebwurzels. 

The sugarbeet is a deep-rooted plant often extending its roots to a depth of six 
to eight feet in mellow soil. Calculations made by Wadleigh (20) indicate that a 
single beet plant extending its roots seven feet in alluvial soil would have at least 
10 000 square feet of root surface (see Figure 1-2). 

'Original by P.B. Smith. revised by Glen W. Yeager 
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Fiqurc 1-2. In friable mil the fine, 
hairlike loold of the a m g a r k t  plant 
map extend. a8 in this photo, IO a depth 
of six feet. 

The sugarbeet plant grows most successfully in northern latitudes. However, 
it is a plant which adapts itself to many climatic conditions (14), based on suitable 
sail acidity. In the United States, it grows in the hot climates of Arizona and the 
Imperial Valley of California, as well as in the cold climates of North Dakota and 
Minnesota and in the Canadian provinces of Quebec, Manitoba, and Alberta. 

In controlled greenhouse studies at the California Institute of Technology 
(!6,1?) in.:e!ving vzezticns In x t n t i a n ,  ho.;rs -f !ight, light intensity and changes 
in day and night temperatures, all these factors affected the development of foliage, 
sugar percentage, and root weight. It was noted that, in a general way, a day-time 
maximum average of 70 "F and a night minimum average of 50 'F gave optimum 
production of sugar. A total of 56 different climates were included in these studies. 
Some strains of beets better adapt to hotter climates, some to cooler climates, and 
some do fairly well in a wide range of conditions of day-length, and temperature 
variation. 

. .  

Purchase of Beets. The sugarbeet crop is produced by the grower under a 
participating purchase contract. Its arrangement is unique in American agriculture, 
in that the grower shares directly in the proceeds from the sale of sugar, calculated 
back to each ton of beets. 

The exact terms vary with the contracts prevailing in the different areas of the 
United States. All are similar on two points when establishing the price paid for the 
beets: first, the percent sugar content of the beet roots, and second the net selling 
price for the sugar in the market, less freight and certain sales charges. In determin- 
ing h e  sugar content, either the average sugar content from individual grower's 
beets as delivered. or the average sugar content of all growers' beets as sliced in the 
entire campaign, may be used. In  the latter case, grower's samples also may be 
taken, and the proportion of each individual grower's sugar analysis to the average 
content will determine his payment. 

L 
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Clauses common to most purchase contracts cover manner of harvest, price of 
seed. and distribution ofpaymcnts as quantities of sugar are sold. Certain provisions 
relating to the growing of the crop are included. 

In recent years, some sugarbeet producing areas have also measured beet 
purity and other nonsucrose chemical constituents as a means of determining the 
extractable sugar per ton of beets. These data become a part of the equation in 
determining the basis of payment for sugarbeets. 

Sugar Control Legislation. It is interesting to note that in 1789 the second 
law passed in George Washington's first term of offce was a tariff that included 
sugar. 

In May 1934, the JonesCostigan Act was passed by Congress which con- 
trolled sugar production and consumption. The Sugar Act served the United States 
sugar industry very well far 40 years. All federal legislative control ceased on 
December 31, 1974 when Congress failed to extend the Sugar Act. 

Recent Developments. The first grower-owned beer-sugar cooperative in the 
United States was organized in 1973 when sugarbeet producers in the Red River 
Valley of Minnesota and North Dakota acquired ownership of the American 
Crystal Sugar Company. Three other cooperatives were formed in 1974, two of 
which arc located in the Red River Valley of the north and the third in central Min. 
nesota. One of the three cooperatives organized in 1974 merged with the grower- 
owned American Crystal Sugar Company in 1975. 

In  late 1974, returns for sugar reached an all-time high due to a superficial 
sugar shortage worldwide. These high price levels continued into 1975. followed by 
rapidly declining values resulting in the entire industry being subjected to severe 
economic pressures. 

In  1975, 1.516 million acres of sugarbee- were harvested in the United States 
which yielded 29 270 000 tons of beets. S u g a r k t  acreage declined to the point 
where I 120 000 acres were harvested in 1979 which produced 21 937 000 tans of 
beets. 

Sugar production from sugarbeets in the United States in 1979 was approx. 
imately 2.6 million tons compared to 4.0 million tons in 1975. Much ofthis decline 
can be attributed to a reduction in sugarbeet area as the result of factory closings. 

In 1974, there were 53 operating beet sugar factories in the United States. 
These plants were located in 18 states, from Michigan and Ohio to the Pacific 
Coast. Since that time, eleven sugarbeet processing plants have closed including all 
of the factories (four) owned and operated by one company. Sugarbeets were grown 
in 17 states in 1979. 

For several years, California was the leading sugarbeet producing state, 
planting 30 percent of the United States acreage. The Red River Valley ofthe north 
is now the leading producing area. 

Seed Production and  Development. Since 1936 the American beet industry 
has developed a home-grown seed production program which essentially supplies its 
needs. Seed is grown mainly in Oregon and Utah. It is produced by "the over- 
wintering method" (9). Since the sugarbeet is a biennial, seed can he produced from 
a fall plantirig of srrd in a climate which produces growth, but will be cold enough 
to produce vernalization. yet not severe enough to kill the root. Seed planted in 
~ ~ g u ~ t  and Septembcr will send up  seed stalks in March and produce d for 
harvest in the late snmmer of the following year. 
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Commonly, sugarbeets produce a multiple-germ seed hall which, when 
planted, results in several seedlings emerging from one spot in the soil. This plagued 
sugarbeet production until two refugee Russian scientists, Drs. V. F. and Helen 
Savitsky, while living in the United States, discovered and developed plants produc- 
ing single germ seeds. This monogerm gene has been transferred to the principal 
commercial varieties now grown in the United States. The United States Depart. 
ment of Agriculture and commercial company research staffs have joined in the task 
of developing varieties to suit variable conditions of environment and disease. 
Strains developed by Federal researchers are distributed through the Beet Sugar 
Development Foundation to each of the company breeding stations in the United 
States. The objective of this effort is to build better varieties with higher yield 
potential and better quality as raw material for the factories. 

The varieties offered farmers are monogerm and may be ol  two types: 
polyploid and diploid hybrid. The latter is the most popular among plant breeders 
of this country. Following the pattern of corn plant breeders. these probably arc 
two-, three-, or four-way hybrids. Male sterility is employed in the monogerm parent 
with the final cross generally using a multigerm pollen parent. This permits the 
mechanical separation of the multigerm fraction, allowing the beet grower to plant 
seed that is 98% monogerm. The unprocessed monogerm seed is flat in general 
conformation and is not subject to good precision drilling. 

These single germ seeds, with the corky material having five points, makes for 
uncertain seed fill in drills. The problem has been worked on by numerous 
investigators. Bainer, in 1940, worked on mechanical separation of multigerm seed 
in segments (2). Some of these devices were tried on single-germ seed with varying 
degrees of success. 

It was not until the rice huller was employed in Colorado in 1955 by Walters 
and Smith (21) that a satisfactory means was found to round off the edges and 
permit careful sizing of the corky seed units. A combination of diameter and 
thickness grading, together with gravity separation, has made it possible to provide 
different size groups for issue to beet growers. 

Another plan employed by some sugar companies to overcome the irregular 
shape of the seed, is to coat it and produce a rounded pill or pellet. In the past 35 
years several investigators have explored the potential of various materials for seed 
coating, including carbon dust, pumice, clay, bentonite, and silica. Fungicides and 
powdered fertilizer also have been included in the coatings. The pellet is built up in 
size and customarily has three sizes, expressed by the screen grades of 9/64 to 
10164" known as mini pellets, 9/64 to 11Ml64" regular size. and 12/64 to 13/64" 
extra large. The resulting round shape has enabled drills to drop seed more 
accurately at uniformly spaced intervals. 

Research continues for coating additives to hasten germination, produce a 
stronger seedling and mare effectively protect it from diseases. Another possibility 
k i n g  explored is to double-coat the seed so that it will germinate only when suitable 
temperatures prevail for continuous seedling growth. This might he quite helpful in 
areas where spring frosts sometimes cause replanting. 

Preparation of the Seed-bed a n d  Planting. The outcome of the bect crop is 
largely determined by the preparation of the seed-bed. The system of land manage. 
ment, crop sequence, depth of plowing, time of plowing, fertilizer practice, and 
herbicide usage prior to the time of beet emergence are all important factors which 
produce a proper seed-bed environment for the seeds and seedlings. In areas where 
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rigvra 1.3, An crcdlent dbtribution of monogerm d. plan& IO s wand, no thinning requid. 
Thii rredfrrr  ficld has brrn csrcfully cvltirntd and is gmring vigornusly. 

AI1 of the United States k t  cmp is now drilled with processed monogerm 
seed. The size of the seed is fitted carefully to the cell size, and planters are generally 
operated at speeds below three miles per hour. A typical twelve-row drill, also 
equipped for incorporation of a preemergence application of herbicide. is shown in 
Figure 1-4. Many farmers, realizing that speed of drilling is very important to the 
uniformity of stand, now use 8., 12-, 16- and even 2 4 ~ 0 ~  planters. This enables a 
greater acreage to be seeded in a day when soil conditions are optimum. Depth of 
seeding varies from 0.5 to 1.5 in. depending on type of soil. possibility of rain or 
irrigation for germination, and temperature of soil. 

I 

winter freezing helps mellow soils, it is an advantage to plow in the fall. Fall  plow^ 
ing generally produces 5.20% increases in tonnage with finetextured soils. It can be 
recommended on all except sandy or sandy-loam soils. 

Beet yields have been shown to be higher on soils plowed IO to 12 in. deep 
when compared with 8 in. or less. It is a good rule, however. in any one year, not to 
turn up on the surface more than I in. of new soil as it tends to crust and interfere 
with seedling emergence. 

The time of planting depends on weather. the length of the growing season, 
and the harvest date. In regions where the growing period is limited. it is advan- 
tageous to plant as early as possible to extend the growing season. 

With certain soils, particularly following a crop of potatoes or other deep- 
tilled crop, it is advantageous to merely surface-work the soil in preparation for 
beets. This relatively new system is known as minimum tillage and reduces weed 
trouble. Experiments conducted in Ohio and Nebraska have shown that it is possi- 
ble to plant beets in the same rows that grew either soy-beans or sorghum the 
previous year, In this practice herbicides are applied, post-emergence, and in some 
areas a side dressing wirh nitrogen fertilizer is practiced ahead of thinning. The 
stalks left from the previous year's crop are pushed into lhe middle between the 
rows with a wide duckfoot when planting. This generally produces an excellent 
germinating condition for the beet seed. 

The trend in many sections of the United States is to space out the seed three 
or four inches apart when planting, as seen in Figure 1-3. Even wider spacing is 
uoed under favorable conditions. thus eliminating the thinning operation. 
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Pigum 14. A typical 12cow drill. equip@ with iacorponton for applying liquid - h i -  
herbicide in hand. on o r b  aide and under Ibr ki .ad to mntml weeds. 

Fertilizer Fundamentals and  Crop Rotation. Four nutrient factors 
influence growth: water, carbon dioxide, organic matter, and minerals. Roots grow 
only in moist soil. On the other hand, roots do not develop propcrly in water- 
saturated soils because of the exclusion of oxygen. Water is necessary for the process 
of photosynthesis (see Chapter 11). 

The activity of the fine beer-roots is related to temperature as well as moisture 
(5). Dry and cold soil retard root activity and reduce the ability of the roots to 
absorb phosphorus and other nutrients. 

Soil organic matter is very important for the production of maximum yield 
and is lower in sandy soils than in clays. Well-rotted animal manure is probably the 
best source for addition to the soil. but in practical farming systems animal manure 
is ~ G G  :imi;sd in supply. :f o~gmic  rria~rr is LO 'Le suypiird in amounts for maximum 
production, it must come from crop roots and residues. This source can best be 
provided by proper rotation with legumes, and fmm additions of mineral fertilizers. 

In order to obtain the maximum benefits from mineral nutrients added, the 
soil acidity must not be overlooked. A pH above 6.5 is advantageous for assimila. 
tion of some mineral nutrients. but also is necessary for a lime-loving crop such as 
sugarbeets. 

A proper soil environment for this crop is one where there is ample aeration 
between soil particles. without an obstructing hardpan that prevents water pcrcola. 
tion. A well4locculated soil permits a deep penetration ofthe beet's tap root and a 
maximum use of the whole soil structure to a depth of several feet. 

Minor element deficiencies can usually he obsewed in the appearance of the 
growing plants. A shortage of potassium, for example, will be displayed by a yellow. 
ing of the leaf blade and a reduction in petiole length. These conditions reduce 
photosynthesis. resulting in a decrease of sugar production. 

For optimum growth the s u g a r k t  requires potassium more than any of the 
other elements. Most acid soil areas require fertilization with potassium for 
maximum results. 

When limited in supply, phosphorus reduces early growth. final maturity, and 
yield (7). When phosphorus is very limited, a "Black Heart" disease develops, and 
the root is easily subjected to rot. The foliage between the leaf veins turns brown or 
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black in color, and the leaf curls inward, Because phosphorus moves v c 7  little in 
the soil, it is helpful to apply an adequate amount of this element to the preceding 
legume crop which is included in many crop rotations (8). 

In addition to primary nuuients, the secondary elements sulfur. calcium, and 
magnesium are very essential to proper growth of a healthy sugarbeet plant. The 
minor or micro elements, if lacking or in oversupply, can greatly alfect the crop, 
even though there is a good supply of primary and secondary elements present. 
These minor elements inclcde: baron, often short in Michigan soils; copper, impor- 
tant in photosynthesis; iron, essential to chlorophyll formation and proper storage of 
sugar; molybdenum; manganese, beginning to become short in some humid areas; 
sodium, which appears beneficial to sucrose formation; and zinc, which can be v c 7  
toxic in oversupply. Ulrich observes that (18,19) petiole analysis is helpful for 
guidance. 

&ct Quality Improvement. The quality of sugarbeets, Le.. beet purity and 
sugar content, started to decline in the mid-1950's. Studies were initiated in the 
Imperial Valley of California in 1957 to determine the masons why bect quality in 
this normally high quality area started a downward uend. A mom intensive and ex- 
tensive approach to this problem began in 1970 in the Imperial Valley and the 
Hereford, Texas, district. This program was soon expanded to include Northern 
California and the Rocky Mountain district. 

It has long been known that nitrogen has a y e 7  profound elfect on both yield 
and sugar. Nitrogen is a growth element and is essential for maximum yield. 
However. if excessive amounts of nitrogen arc atill available at harvest time, sugar 
content is depressed. Having the "right" amount of nitrogen available to the beet 
crop for maximum yield and sugar content and for the most efficient sugar produc- 
tion is the goal of the beet quality improvement program. 

The complete program involves ( I )  soil (2) petiole and (3) brei testing for 
nitrate nitrogen. 

The brei nitrate test measures the amount of nitrate nitrogen in eve7  sample 
of bxts taken for sugar analysis. This test, therefore, is a measure of thc amount of 
nitrate nitrogen in beets at harvest time. It does not necessarily reflect the amount of 
nitrate nitrogen available to the crop at any other time during the season. Since this 
test is conducted on eve7  sugar sample (and each sample is from an approximate 20 
ton load), thc average nitrate nitrogen value for each contract is usually based on an 
evaluation of a sample of k t s  taken from less than an acre. The actual measure- 
ment of nitrate nitrogen is made on exactly the same filtrate sample on which sugar 
is determined. The brei nitrate nitrogen test has proved to be a very valuable guide 
for managing the growing of succeeding crops. 

The secret to high sugar and high yield is to provide ample nitrogen during 
most of the growing season, but make it unavailable 4 to 6 weeks before harvest. 
With growth slowed due to lack of nitrogen at this time, othcr forces such as cool 
temperatures (below 50 OF) and lack of moisture can further enhance the accumu 
lation of sugar. 

Why do excessive amounts of nitrogen in beets at harvest time appear? There 
can be several reasons, but the single most obvious reason is simply too much 
nitrogen in the sgil - for whatever reason. If there were large quantities of nitrogen 
remaining in the soil from previous fertilization and then fertilizer were applied, it 
would result in excessive amounts of available nitrogen. 
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Consequently, to find out just how much nitrogen was remaining in the soil, 
many fields have been sampled to a depth of 4 feet and analyzed for nitrate nitrogen. 
Needless to say. there has been a tremendous variation in the amount of nitrogen 
found - from virtually none to over 1 000 pounds per acre of nitrate nitrogen per 
four feet of depth! 

It has been reported that I O  pounds of nitrogen are needed per ton of beets; 
therefore, only 250 pounds are needed for a 25-ton per acre crop. For 306 grower 
contracts sampled over the years 1972 through 1976 in central California, it was 
found that the greatest amount ofextractahle sugar per acre was obtained with only 
8.7 pounds of nitrate nitrogen (available from soil and fertilizer) per ton of beets. 

The petiole test has been found to be a very simple means of finding out the 
nitrate nitrogen status of beets during the growing season. In  this procedure. the 
middle portion of the most newly matured leaves is taken from many different beets 
in a field. They are then analyzed for nitrate nitrogen. 

All these tests - brei, soil and petiole nitrate are valuable aids in seeking the 
goal of high yield, high sugar, elIicienc sugar production and maximum monetary 
return. 

Chemical and Mechanical Control of Weeds. The best methods of weed 
control combine both chemical and mechanical practices with a proper crop 
sequence. This last factor is very important and was brought out by a four-year 
study at Colorado State University (3). The number and identity of weed seeds after 
certain crops is shown in Table 1-1. 

Table 1.1 W e d  Sccdling Numhcr, p r  Hy) g of Soil. 

neets Lambs- Total 
Following Kochia P i p c c d  Grssrer quarter WCeede 

llarley 42.9 51.G 14.5 18.2 109.4 
coin 6C.G i3.6 4n.z 6.6 165.1 
Deans 15.1 7.1 11.4 8.6 44.? 

Likewise a comparison was made of the differences in weed populations with 
and without chemical weed control. In Table 1-2 a x  data showing that there were 
about 50% fewer weeds in the crop treated with herbicides as compared with 
mechanical weeding. 

The trends today are toward making fewer trips across the fields in production 
ofthe sugarbeet crop. This reduces the compaction of the soil by heavy tractors and 
equipment. It is possible to raise better crops of sugarbeets by use of p r e  and post- 
emergence herbicide treatments to replace some of the machine cultivations and 
hand hoeings formerly thought necessary. 

Table 1-2 W e d  Seedling Numben p r  4W g of Soil. 

W C d  Lambs. Total 
Colllrol KOchil  Pigweed Crarsa quarter Weeds 

Chcmical 32.8 19.3 13.8 7.9 74.9 
Nonchcmical 50.7 35.6 55.6 14.4 138.7 
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The system employed to fit the chemical and mechanical tools together, will 
vary from area to area, as well as from field to field (13). Working out the spring- 
time techniques to fit the conditions depends on a number of factors, including: 
I )  the type of soil; 2) the emergence pattern of the beet seedlings; 3) the kind of 
annual weeds; 4) the herbicide application incorporated in the soil at planting time; 
5) the use of a past-emergence chemical; 6) the use of lay-hy herbicide; 7) machine 
thinning; and 8) the kind of machinery available for mechanical practices. Added to 
these are variability of weather, crust, and need of irrigation to germinate beet seed 
and activate the chemicals. Further complications come from disease and insects. 

The simple objective is to eliminate labor and reduce costs of production. In 
areas where suscient rainfall occurs for seed germination, the recommended pro- 
cedure is to plow, preferably in the fall; follow the minimum tillage concept by 
going once over in the spring with a field cultivator. then plant, followed by a liquid 
herbicide mixture of TCA and Pyramin, or TCA, Pyramin plus Norlron, applied 
back of the press-wheel in a 7 to 10 inch hand; after the beets have emerged, 
cultivate as close to the row as possible. Post emergence weed control is accom- 
plished by the timely application of Bctanal or Betanex. It is desirable to have a 
population of 25 000 to 30 000 k t s  per acre. 

The above system must bc modified when applied to irrigated areas. The most 
successful method is the use of a lister to form ridges in the fall, after plowing, at 
center distances equal to the row width of the planter to be used. A bed planter is 
used to level oflthe ridges which makes an ideal seedbed. Three techniques are used 
to control weeds with herhicides, namely: pre-emergence, post-emergence and lay- 
by, The most cflective chemicals for preemergence weed control include Nonron, 
Ro-Neet and Avadex. These herbicides are applied either by power incorporation. 
ridge cover or by broadcasting. Post-emergence chemicals include Betanal, Betanex 
and Pyramin W and are applied with a band sprayer on both sides of the beet rows 
and directed into the row covering a hand of 8 to 10 inches. The lay-by applications 
are made by incorporating Treflan or Eptam in the irrigation water or with a broad- 
cast sprayer. Figure 1-5 shows excellent weed control accomplished by good 
agronomic practices coupled with timely application of recommended herbicides. 
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Chemical Control of Insects a n d  Dieensea. The subject of insects and 
diseases is vast and important. For identification of insects and diseases, reference is 
made to Asa C. Maxson's book on the subject (IO). During the last 30 years much 
has been learned about control of insects and diseases affecting the production of 
sugarbeets. Both chemical and biological controls are being investigated. Recom- 
mendations for controls are suitable only for a short period of time, due to the rapid 
rate at which new chemicals are being formulated. The most recently approved 
chemicals are customarily listed in handbooks such as the USDA No. AH452 (12). 

There are about 15 insects considered of importance in one or more areas of 
the United States, including the soil insects: cutworms, wire worms, white grubs, 
root lice, flea beetles. root maggots and garden centipedes. The foliar insects 
include: webworms, leaf miners, yellow hear caterpillars, alfalfa loopers, aphids, 
spider mites, army worms. alkali beetles, lygus, blister beetles, grasshoppers and 
leafhoppers. 

Some of the insects listed carry virus diseases. Curly top is carried by the beet 
leafhopper, CirculiJer ccnellus Baker. Beet savoy is transmitted by the Picsma 
cinerea (Say) plant bug, Various mosaics and both European and western yellows 
are transmitted by at least two species of aphids, the most common being the green 
peach aphid. 

Diseases caused by fungal bacteria can be classified into root, foliar and seed- 
borne types. New fungicides and treatment processes are being tested constantly, 
and great progress has been made in recent years. The newer seed treatments and 
treaters are providing greater protection against seedling diseases. 

The most common seedling disease is "blackroot." Several organisms and 
fungi cause blackroot, such as: Rhuoclonio, Phoma. Pylhium, Fusarium and 
Aphanomycrs. Mature roots may be attacked by various types of fungi also, but the 
most common is Rhyocfonia rolnni. Emink.  Furanurn, Phoma, Verticillium and 
Scleroliurn should be included as root rots of economic importance in some areas. 
Devrlnprnent nf reistan! strains is bringiing 3bOut great incrcnscs in production. 
Research by h e  plant breeder has been rewarded by new varieties with increased 
resistance to Cercospora beticoh, curly top, European and western yellows and 
Powdery Mildew. One can he optimistic about the eventual solution aNeered by 
genetic selections far resistance to the diseases. Figure 1.6 illustrates a healthy 
sugarbeet crop resulting from good crop rotation. planting disease-resistant seed 
and adherence to sound management practices. 

Resistant varieties coupled with the use of fungicides and insecticides are 
needed to control some diseases. Crop rotation is important, as it reduces the 
incidence of diseases. 

The Environmental Protection Agency has had a profound influence on 
sugarbeet production. The agency has banned the production and application of 
many chemicals which gave good control of various pests and diseases. Such 
pesticides and fungicides were alleged to be carcinogenic. 

Cercospora is controlled in humid sections by spraying at 10- to 14-day inter- 
vals as a preventive measure with Duter or Kacide. Powdery Mildew is controlled 
by the application of sulfur. 

Nematodes, of which some 4 600 species have been identified. are round- 
worm pests that attack both plants and animals. There are three known to be of 
economic importance to sugarbeets. The most common is a cyst form called 
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Hcfcrodera schothtii, which can be found in every sugarbeet producing area in the 
United States. I t  ia most common in California, Idaho, Oregon, Colorado and 
Nebraska. There are two forms of mot knot nematodes, M e l o i d o p e  spp and 
Heterodera rnorioni cornu, known to be damaging to beets. 

Hefrrodcro schachfii has so many host plants that a strict rotation ofnonhost 
crops many times is not succcssful because ofhost w e d s  that may not be controlled. 
Steele (15) found that 23 out o f 4 9  families studied were hosts to this species. Of 
283 genera and 535 species investigated, 218 species within 39 genera were hosts. 
For more than three decades geneticists have been seeking immune swains of 
sugarbeets. There are a number of so-called wild species of beta that are resistant to 
attack. Intensive genetic selection work has been conducted by Dr. Helen Savitsky 
and others of the United Stares Department of Agriculture, Science and Education 
Administration, at Salinas, California, in splitting chromosome genes for nematode 
immunity when combined with beta vulgaris species. 

Pigum Id. A d i r r - b a  field that has rreciwd t i w r y  and pmck msnagrmmt prscti- 

At the present time the best control of all of the species of nematodes affecting 
sugarbeets is through sail fumigation. The two most common chemicals are D-D, 
made by the Shell Oil Co.. and Telone. made by the Dow Chemical Co. These are 
chiseled into the soil at rates of 20 to 30 gallons per acre, to at least a 7-inch depth 
and placed 12 inches apart across the beet rows at least one week in advance of 
planting. Recent evidence indicates that materially reduced rates of application can 
be made directly under the beet row. 12 inches or deeper, in the fall ofthe year, with 
a ridge left oyer the chisel area. This is smoothed off and beets planted in the 
sterilized zone the following spring. 

The Environmental Protection Agency announced in Novembcr 1979 that it 
intends to suspend registrations of  pesticide products containing 
Dibromochlnropropane (DBCP) (22). Shortly thereafter, several chemical com- 
panies announced they would voluntarily cancel registrations of certain products 
which contain DBCP (23). This list includes Telone, a reliable soil fumigant used to 
control nematodes that attack the sugarbeet crop. 

Beet Thinning  Methods. Space planting precisely graded monogerm seed, 
including pelleted seed, has become a common practice in beet growing areas 
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throughout the United States. Michigan is the leading state where over 95% of 11 
acreage is space planted and not thinned. 

Precision and timing of each operation are the key factors in the success , 
"planting to a stand." The application of an approved herbicide at the t ime,  
planting is recommended. 

a stand that lends itself to successful thinning by the use of an American-design, 
electronic thinning machine as shown in Figure 1-7. 

Many growers carefully space plant the seed at four-inch intervals resulting 

Figure 1.7. Sir.ror clcctronic thinner l av ing  a good sand in P f i d d  <hat was nprr planted. Nole 
the recd.frcc field. 

Either space planting to a final stand or this procedure combined with the use 
of an electronic thinning machine. coupled with the w e  nf remmmended herbicides, 
has significantly reduced or eliminated the need for field labor. 

Sugarbeet I r r igat ion Practice. The irrigation practices far sugarbeets vary 
with the producing area, hut are generally dependent on temperature. type of top 
soil and subsoil, amount of slope, amount of rainfall, availability of irrigation water, 
and length of growing season. The actual water requirements vary considerably, 
based on the transpiration rate and the growth rate of the crop. 

Generally the sugarbeets benefit from moderate or light irrigation as soil air is 
needed for optimum growth. Frequent, light irrigations rather than heavy, 
infrequent waterings are most effective. Deficient sail moisture puts a stress on the 
plant and wilting takes place, decreasing the crop growth. In the early season beets 
do not require as much water as in the latter portion. Over-irrigation leaches out the 
nitrogen. and the crop may have a yellow appearance and experience a decrease in 
sugar content and yield. "In well-developed root systems the resistance to water 
movement in the soil does not appear to be significant when the water potential is 
above - 1 .O Bar," says Gardner (4). "This movement is roughly proportional to the 
difference between the water potential in the plant and that in the soil." 

In common practice irrigators endeavor to keep the top 18 in. of soil moist, 
but not overly wet (6). Too much water keeps the subsoil soggy and is often the 
cause of sprangled roots in the same manner as a hardpan layer. Well-aerated soil 
develops better root systems and results in higher yields. It is important to drain 
excess soil water in order to prevent damage to the crop. 
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The maintenance of a favorable water balance in the crop is dependent on 
adequate absorption of moistore from the soil. The harder a beet plant has to work 
to get moisture from the soil, the slower is its growth. The transpiration rate is not 
of concern, as the plant restores the needed moisture from the soil. 

The most common method of irrigation is with furrows between the rows of 
beets. Some farmers follow a practice of irrigating every other row. Rows irrigated 
arc alternated from irrigation to irrigation. so that all rows are watered throughout 
the season. If this were not done, large amounts of nitrogen would accumulate 
between the dry rows. This program conserves water and prevents over-irrigation, 
particularly on flat land. Depending on the shape of the fields. the length of run 
generally should not be more than 800 ft. This prevents water at the top of the field 
from penetrating to a depth below root absorption. Through use of syphons or 
gated pipe the amount of water turned into each furrow can be regulated so there is 
a uniform distribution over the field without undue waste of water. Figure 1-8 
depicts the even distribution of water that results from the use of syphon tubes. 

. .  : . -  , .- 
x. .._& - ... . 

Eigurc 14. Tbc u r  of siphan t u b  UI diirribvir wawr evenly to a g m d  ticld of double row k u  
pla"td on M a .  

A relatively new practice is being used with sprinklers in pump irrigation 
areas, without any expenditure for leveling the field. A pump is placed in the center 
of each quarter.section of land to be watered. The nozzles are placed on a wheel 
frame device that rotates in a circle by use of water pressure or electric motors. 
Depending on the amount of head at the well, the water is distributed in amounts 
sufficient to soak 12-18 in. per irrigation. Sandy soils absorb better than clays but 
require more frequent applications. Each of these systems will cover approximately 
100 to 140 acres depending on percolation rate. Therr m a number of different 
types on the market. 

Machine Harvcst of Roo& In the period following World War I1 the 
sugark t  industry in the United States started developing machines to harvest the 
crop. The first windrow field loaders originated in 1939, and the first root 
harvesters appeared during the last two years of World War 11. About 7% of the 
sugarbeet crop was machine-harvested in some fashion in 1945. The development of 
machines was very rapid, and by 1949 half of the s u g a r k t  acreage in the United 
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States was mechanically harvested. Virtually all harvesting of beets has been 
mechanized since 1953. 

Harvesters are of two types: those that top the beet root in the ground and 
those that dig the root first and top it out of the ground. A possible further division 
is into machines that load directly into trucks as the roots are lifted, and machines 
that carry the beets in a tank or cart and then unload into a truck. 

Many sizes of beet harvesters are available to farmers depending on the size of 
the acreage involved. Singlerow machines are popular as fitting the needs of smill 
"family-sized" operations. where the grower does all the harvesting by himself. 
There are two-, threc-, four., and even six-row harvesters to fit the requirements of 
almost any size opcration. Certain machines fit k d  planting where the rows might 
be 14 to 16 in. apart on the bed. Other harvesters can he adjusted to handle rows 
varying from 20 to 30 in. apart. The most popular mw spacing, however. is 22  in. 
However, 30 in. rows are standard in California and Texas. 

There probably is not one harvester universally popular with all farmers. The 
trend is toward multiple row harvesting as the acreage handled by each operator 
becomes greater. Four. and six-row units are most prevalent at the present time. 
Figure 1-9 shows a recently improved machine handling six rows at a time. i 

Figure 1.9. A bigbuprii, John Darr b r r e  h n a t c r  nllcd "the w k l "  which rlersta the bee to 
the c- convc,or for delivery into a truck. 

Climatic and soil conditions change harvesting methods and designs. For 
example, in Southern California where extremely dry. hard soil conditions exist 
during April, May, and June, the roots are generally lifted first and then topped. On 
the other hand, in Northern California where heavy rainfall often intempts the 
harvest in the fall, the common procedure is to cease harvest until the wet cycle is 
passed. In the northern growing areas of the United States. where soil freezing 
Occurs. the harvest proceeds even under severe soil conditions in order to complete 
the harvest before loss of the crop. Present machines have k e n  successful under 
most situations. 

During the past 20 years engineers have been adding refinements to thc beet 
harvester making i t  more ellicient, dependahle and increasing ita capacity to deliver 
cleaner beets to a truck. In good conditions harvesters are capable of delivering 40 
acres daily. Large, custom-type machines in good yields have recorded u p  to 1 000 
tons in a single day. A six-row machine today will replace 60 to 90 workers in the 
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hand operations of 35 years ago. Improvements are needed to reduce damage to 
beets in the screening operation and still maintain the capability of separating dirt 
and trash. 

Methods of Handling B e t  Top. It  is contended that the by-products from 
the average production of beets will provide as much net livestock feed as can be 
grown on the same acreage devoted to grain or alfalfa. This would indude the 
thermal units of energy in beet tops, pulp and molasses. The largest value, of 
course, is in the beet tops which on the average, according toE. J. Maynard (1 1) 
produce in excess of 200 Ibs of dry matter per ton of beets. 

Normally the green weight of the tops is about equal to the weight of the roots 
as harvested. As tops contain varying amounts of moisture depending on how green 
they are when fed, it is customary to consider them in terms of “tops per ton of 
beets” rather than on actual weight of tops fed. There arc at least three methods of 
handling bect tops: 

1. The flail-type machine Figure 1-10 beats or cuts ofithe foliage at the top of 
the crown, followed by a scalper which uniformly removes a portion of the crown 
material. This chops up the tops and scatters them on the ground to be a source of 
organic material and fertilizer. The mineral value is considered to be worth $50 to 
$60 per acre if promptly incorporated into the soil. 

2. The multiple-row harvester with topper and digger on the same tractor 
scatters the green material over the field with some opportunity for field pasturing 
by livestock. A modification of this method is to follow with a side-delivery hay-rake 
to windrow the tops. Generally these are left in the field to air dry and are hauled in 

3. A separate tractor can be used fmm the one employed in digging the roots. 
Normally this is a three- or six-row delivery of the tops to a three- or &row 
windrow. The beet tops are customarily left in the windrow until they dry to a 
moisture content of about 75%. They can also be ensiled fresh and green, but there 
is some liquid lost unless a blotting material is placed on the hattom of the silo to 
ahsorh this high protein liquid. 

dry. 
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Chapter II 

THE SUGARBEET AND CHEMISTRY' 

The Sugarbeet and Sucrose Formation 

Introduction 
Development of the sugarbeet was initiated in Europe some 200 years ago by 

genetic selection for high sucrose content within forage beets. Forage types possess- 
ing white roots, a conical shape, and a below-ground growth habit were observed to 
be highest in sucrose content. The early selections contained an estimated 8 to 10 
percent sucrose. but through years of selection. contents of 18 to 20 percent are now 
common. The modern sugarbeet is currently the only major crop that was not 
known in prehistoric times. Therefore, the modern sugarbeet. grown worldwide for 
its high sucrose content, is truly a product of modern plant breeding. 

T h e  Sugarbeet Plant  
Growth Habi t  

Taxonomically the sugarbeet is classified as Beta vulgaris, as are red garden 
beets, chard, and mangel-wurzel. The genus Bclo is part of the Chenopodiaceae 
family which contains many drought-resistant. salt-tolerant species. Bcfa vulgaris 
and other closely related Bclo species originated in the Mediterranean area. 

The sugarbert is a biennial plant and as such mquires 2 years to complete its 
life cycle. During the first year, only the vegetative portion of the plant develops. 
Following overwintering, or a 10 to 12 week period of below 6'C, reproductive 
growth is induced (vernalization), and seed production begins. If no cold induction 
occurs. the sugarbeet plant will remain vegetative indefmitely. 

The sugarbeet is unique because it stores large amounts of sucrose as opposed 
to starch. the more common storage carbohydrate. Roots containing 20 pzrccnt 
sucrose on a fresh weight basis are approximately 80 percent sucrose on a dry 
weight basis. About 90 percent of thc soluble solids in a s u g a r k t  root are sucrose. 
Therefore, the sugarbeet root is an example o f a  remarkable adaptation of an organ 
to store high concentrations of sucrose. 

The Shoot 
The shoot consists of the petioles and leaf blades. Although the crown is 

anatomically a foreshortened stem, it is commonly conaidered as a parr of the root 
(Figure 2-1). The shoot forms a rosette of 30 to 70 leaves, the number depending 
upon genetic and environmental factors. The leaf blade is an extremely important 
part of the s u g a r k t  plant because sucrose is synthesized in this organ. Mature, 
fully expanded leaf blade size increases to a maximum early in the growing season 
and then declines, presumably as the demand of the root for photosynthate exceeds 
that of new leaves. 

The blade contains a pmfuse network of vascular tissue and minor veins. (The 
vascular system of a plant consists of xylem and phloem tissue for the transport of 
water and nutrients w i lh i  the plant. Xylem is nonliving tissue primarily involved in 
the transport of water and minerals from the root to the leaves. P h l m  is living tissue 
responsible for the transport of organic substances). The minor veins are closely 

'By R.E. Wyse 
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associated with the photosynthetic apparatus and are of particular importance in the 
exchange of materials to and from the leaf tissue. Minor veins form such a profuse 
network that each 33 micron length of vein services approximately 20 mesophyll 
cells (9, 16). 

Gaseous exchange between the leaf and the surrounding atmosphere occurs 
through apertures called stomates. Simple Stornates are found in the epidermal cells 
on both the upper and lower surfaces of the leaf. Stomates regulate the uptake of 
carbon dioxide and release of water vapor by opening and closing in response to 
environmental and physiological conditions. 

T h e  primary function of the petiole is to display the leaf in a manner which 
will maximize light interception. The proportion of the total abowground biomass 
that is petiole is very responsive to environmental influences such as stand density, 
nitrogen fertilization and light intensity. The petiole consists of large vascular 
bundles through which sucrose is translocated from the leaf to the root, and where 
water and nutrients are translocated from the root to the leaves. 

Figurc 2.1. The Sugnrbcrl Plant 

T h e  mt 
The sugarbeet taproot of economic importance consists of a crown, hypocotyl 

and true root. The crown is stem tissue containing leaf buds and supports the 
rosette of leaves. The vascular system of the petiole becomes highly branched and 
convoluted in the crown and then becomes organized into concentric rings at the 
transition zone between hypocotyl and crown. The size of the crown relative to that 
of the total root depends greatly on variety and nitrogen fertilization (5, 38). 

The hypocotyl region is the transition zone between the crown and the true 
root. This region is the thickest part of the taproot and comains no grooves or 
lateral roots. In the mangel. the hypocotyl comprises the major bulk of the root. No 
differences in chemical composition are apparent between the hypocotyl and the 
true root. 



The surface of the taproot is creamy white in color and relatively smooth 
except for two parallel grooves on opposite sides containing the lateral roots. In  
cross section, the dominant feature of the taproot is the alternating concentric rings 
of vascular and parenchymal tissue. The vascular rings are laid down early in the 
ontogeny of the root by the production of supernumerary cambia ( I ) .  The super- 
numerary cambia produce vascular bundles and parenchymal cells by rapid cell 
division. The increase in root size during the growing season is the result of con- 
tinued cell division in the cambial region of the vascular rings and cell enlargement. 
The root may contain 8 10 13 vascular rings at harvest time, but the 5 to 6 rings 
which represent 70 to 80 percent of the root bulk at harvest are already formed by 
the time the root is I cm in diameter (Doney. personal communication, 1978. I ,  27). 

The root dry matter (about 25% fresh weight) is made up of insoluble cell wall 
material (17%), sucrose (73%) and soluble compounds (10%). The insoluble cell 
wall material, known as "marc," is made up of approximately equal portions of 
cellulose, hemicellulose and pectic substances (26). The ccllulosc and hemicellulose 
give support to the cell while the pectic substances act as cementing agents holding 
the cells together (Figure 2-2). 

figure 2.2. Electron microgrsph of P portion of P mgsrbcel r m i  rrll. Note very large rncvolr (7') 
and thin cyioplssm (C), nuclcus (N). middle lsmrllr (ML). milochondrinn (M). 

The chemical composition of the root varies considerably among the various 
parts. The crown is normally 1 to 3 percent lower in sucrosc than the rest ofthe root 
and contains a higher proportion of nonsucrose constituents. The crown area is 
approximately 125% higher in sodium and amino acids and 60% higher in 
potassium and reducing sugars than the remainder of the taproot (3, 4, 13, 38). 
However, these differences depend F a t l y  on variety and nitrogen fertilization (5, 

The parenchymal cells. where most of the sucrose in the root is stored, are thin 
walled and highly vacuolated (Figure 2-2). The cytoplasm, which contains the 
organelles and enzymes involved in cellular metabolism, is extremely thin and 
tightly aqpressed to the cell wall. The vaculole. the site of sucrose storage, makes up 
the remaining volume of the cell (95%). Therefore. these cells are capable of storing 
large amounts of sucrose. 

The sucrose content is highest in the cells near the vascular bundles (6, 24). 
For this reason. roots with the greatest number of rings tend to be highest in sucrose 
percentage (29). However, this has not proven to be a feasible criterion for acmnina 
breeding lines. 

38). 
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In present sugarbeet varieties, an inverse relationship exists between sucrose 
content and root yield. Attempts to increase sucrose content by genetic means often 
result in reduced yield and vice versa. The same inverse relationship holds true for 
the eff..ct of environmental conditions an  sucrose content and yield. Those 
agronomic practices or climatic conditions that promote root yield result in lower 
sucrose content. This relationship may be explained by cell size (8). Roots that have 
a small average cell size tend to have higher sucrose content while roots that have a 
large average cell size tend to be high yielding and low in sucrose content (27). 
Agronomic practices, such as high nitrogen fertilization or widely spaced stands, 
promote large roots and large cells and a reduced sucrose content. Genetic selec- 
tions for high sucrose content tend to be those with small cell size. The relationship 
between cell size and sucrose content may be a factor controlling photosynthate par- 
titioning in sugarbeets and deserves further study. 

Sucrose Synthesis 
Sucrose is synthesized in the cytoplasm of mesophyll leaf cells from chemical 

precursors and energy formed in the chloroplast during photosynthesis. In the 
sugarbeet, carbon dioxide is fixed to ribulose 1,5 hiphosphate by the enzyme 
ribulose I ,5 biphosphate carboxylase (Figure 2-3). The resulting unstable 
intermediate breaks down immediately to form two molecules of 3-phosphoglyceric 
acid. The 3-phosphoglyceric acid then reacts with ATP via phosphoglyceric kinase 
to farm the more chemically reactive and, therefore, more easily reduced 1,3 
diphosphoglyceric acid. The I ,3 diphosphoglyceric acid formed is subsequently 
reduced to glyceraldehyde 3.phosphate (GAP) by glyceraldehyde 3-phosphate 
dehydrogenase. GAP is in equilibrium with its isomer, dihydroxyacetone phosphate 
(DHAP). These two threecarbon compounds are readily transported across the 
chloroplast membrane or they may undergo an aldol condensation reaction cata- 
lyzed by an aldolase to fonn fructose 1,6 diphosphate. Eventually fructose and glu- 
cose monophosphates are formed by the action of phosphatase and isomerase en- 
zymes. Glucose or fructose monophosphate formation may occur in the cytoplasm 
or in the chloroplast. 
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Sucrose is formed in the beet leaf in two steps. Sucrose phosphate is first 
formed by the enzyme sucrose phosphate synthetase (UDP glucosc: f ~ c t o s e . 6 -  
phosphate transglucosylase). The reaction catalyzed by this enzyme is as follows: 

Fmctosed-phosphate + UDP-glucose- sucrose-phosphate + UDP. Free 
sucrose is then formed by the action of a phosphatase on the primary product, 
sucrose phosphate. This reaction is highly irreversible. Sucrose is the first product 
of photosynthesis which does not contain a high-energy phosphate bond. Free 
glucose and fructose are subsequently formed from sucrose by the action of an acid 
invertase. 

Sucrose Transport  
Sucrose synthesized in the mesophyll cells of the leaf is either utilized for 

growth and maintenance ofthc source cell or transported to other parts of the plant. 
The sucrose to be transported out of the leaf moves from the cytoplasm into the in- 
tracellular spaces (apoplast) of the leaf mesophyll cell where it moves by diffusion to 
the companion cells of the phloem (15, 18). The loading ofthe companion cells of 
the minor veins is against a concentration gradient, and is. therefore, an energy 
requiring (endergonic) process (1 4,33). The membrane transport of sucrose into the 
companion cells of the phloem sieve elements occurs with the cotransport of a pro- 
ton (H*). An H +  gradient between the free space and the companion cell cytoplasm 
provides the electrochemical gradient which drives the sucrose uptake mechanism 
(19). The mechanism is specific for sucrose and occurs without hydrolysis of the 
sucrose molecule ( I  7. 2 I). This phloem loading step is critical because it establishes 
a concentration gradient between the leaf and the root, thus driving the uansloca. 
tion mechanism. 

The transport of assimilates (sucrose) is from source tissue to sink regions. 
The source tissue is actively photosynthesizing leaves. The sink regions are any 
actively growing tissues which utilize sucrose. Youog leaves act as sinks until they 
sucrose is driven by a proton gradient from the vacuole to the cytoplasm and a 
stage, there is a x t  export of sucrose to other sink regions. Therefore, in rapidly 
growing leaves, the products of photosynthesis are utilized locally and sucmse export 
IS nil (IO, 22). haves  of intermediate age transport sucrose both to the root for 
storage and to the younger, developing leaves to support the metabolic activities re. 
quired for growth. Mature leaves are the major suppliers of sucrose for transport to 
the root. During early stages. when top growth predominates, most ofthe sucrose is 
used to maintain top growth. After approximately 40-50 days, however, the root 
becomes the dominant sink for available photosynthate ( I  I ,  32). At this stage, the 
root receives or has the strongest attraction for the sucrose synthesized in the leaves. 

The rate of sucrose transport from the leaf to the root may occur at rates up to 
135 cmhr  (28). The rate and quantity of sucrose transported depend on many fac- 
tors including plant age, time of day, light intensity (1  5), nitrogen nutrition (3 1) and 
temperature. 

Sucrose Storage 
The sucrose arriving in the root is partitioned to sucrose, nonsucrose dry mat- 

ter and as a substrate for respiration. Respiration is required to provide energy for 
growth and maintenance for the cell and utilizes approximately 20% of the 
translocated sucrose. About 16% of the sucrose is utilized in producing cell wall 
and soluble metabolites. The remainder, about 64%. is s t o d  in the vacuole. 
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Upon arrival at the root, sucrose is unloaded from the phloem by an as yet 
unknown mechanism. Evidence exists suggesting that phloem unloading occurs into 
the cytoplasm of the immediately adjacent parenchymal cells. The sucrose then 
moves symplasticly ( i  the cytoplasm) away from the vascular region. Although the 
sucrose is unloaded into the cytoplasm. the plasmalemma membrane possesses a 
rapid exchange capability for sucrose. As a result of this exchange reaction, the con- 
centrations of sucrose in the cytoplasm and in the cell wall rapidly equilibrate, mak- 
ing it dimcult to elucidate the actual transfer mechanism of sucrose away from the 
vascular region. However, as the sucrose mows away from the vascular region, it is 
rapidly absorbed and storcd in the vacuoles of parenchynnal cells in the vascular 
rays and interring area. The process concentrating sucrose in the vacuole to lcvcls of 
0.7 to 0.8 molar occurs at the tonoplast membrane bounding the vacuole. There is 
now good evidence that the sucrose moves across the tonoplast in conjunction with 
the transport of potassium, i.e.. potassium-sucrase cotransport (30). The uptake of 
sucrosc is driven by a proton gradient from the vacuole to the cytoplasm and a 
potassium gradient from the cytoplasm to the vacuole. These electrochemical gra- 
dients provide the energy necessary to drive the sucrose uptake mechanism. This 
mechanism is capable of concentrating sucrose in the vacuole by 100 fold over 
levels in the cytoplasm. The entire process ofphloem loading translocation and up- 
take into the storage vacuole of root storage cells occurs without sucrose hydrolysis 
(20, 35). 

Sucmse Metabolism 
The mechanism by which sugarbeet plants regulate sucrose utilization for 

growth, cell maintenance, and storage in root tissue is not well understood 
however, sucrose synthetase may play a major role (25). Sucrose synthetase 
catalyzes the following reaction: 

UDP.glucose + fructose= sucrose + UDP 
Thv reaction is easily reversible (I&= 1.3) 3nd operates primarily in thc direi- 

tion of sucrose degradation in uivo. Therefore, the enzyme producer the sugar 
nucleotide, UDP-glucose, which is a precursor for many oligo- and polysaccharides. 
Sucrase synthetase activity is not found in tissue containing chlorophyll. 

Sucrose can also be broken down by invertase. Two forms of invertase exist in 
sugarbcet. one active at p H  7.0, the other at pH 5.0 (34). Both types exist in all parts 
of the plant. Acid invertase catalyzes the breakdown of sucrose to glucose and fruc- 
tose and also catalyzes the transfer of fmctose to acceptors such as sucrose, thus form 
ing the kestose sugars. However, the role of acid invertase (both in the leaf and in 
the root) and its importance to sucrose metabolism, remains a mystery. Roots of 
young seedlings and all sugarbcet leaves contain high levels of acid invertase. Acid 
invertase activity in mature k t  mots is very low but its activity would appcar to be 
sumcient to supply the required hydrolytic activity to support respiration during 
storage. The decline in acid invertase activity and the increase in sucrose synthetase 
during the first 40 days of growth have been proposed to be related to sucrose 
storage capacity (23, 25), but this relationship is still obscure. Levels of neutral 
invcrtase activity in the root are significant but its importance is unknown. 

Rcapiration 
The energy required for growth and maintenance of the sugarbeet plant is 

derived from the controlled enzymatic oxidation of sugars in a process called 
respiration. Respiration occurs in small. suh.cellular organelles called mitochon- 
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dria. Respiration occurs in all pans of the beet, both during the day and night. and 
is of particular importance in storage where it accounts for the major lass ofsucrose 
in the absence of mold growth (36). The rate of respiration reflects diNerences in 
variety. temperature, the concentration of oxygen and carbon dioxide in the sur- 
rounding atmosphere, injury, and fungal infection. 

In respiration, the hexose sugars formed by inversion of sucrose arc oxidized 
and cleaved to form two pyruvic acid molecules via the glycolytic pathway in the 
cytoplasm. The pymvic acid enters the mitochondria where it is convened to acetyl 
co-enzyme A with the release of carbon dioxide by the pyruvate dehydrogenase 
enzyme system. Acetyl Ca-A then enters the tricarboxylic acid cycle (TCA cycle) 
where it is oxidized to COS. The acid intermediates of the TCA cycle also serve as 
carbon skeletons in the synthesis of amino acids and other more complex com- 
pounds. 

Concurrent with the oxidation reactions of the glycolytic and TCA cycles is 
the production of the reduced form of nicotinamide adenine dinucleotide (NADH) 
which is subsequently reoxidired to NAD and water via the mitochondrial electron 
transport chain. The energy released in the oxidation of NADH by the electron 
transport system is conserved as adenosine triphosphate (ATP) by oxidative 
phosphorylation. Therefore, the energy released during the oxidation of car- 
bohydrates is trapped in the high-energy phosphate bonds of ATP. This energy in 
ATP is used to drive endergonic reactions which synthesize the chemical com- 
pounds and drive the metabolic processes required for growth such as ion uptake, 
sucrose accumulation, and protein, fat. and polysaccharide synthesis. 

The proportion of energy trapped in high-energy phosphate bonds varies and 
is a function of mitochondrial respiration efficiency. Sugarbeet root mitochondria 
arc more effcient (trap more of the released energy in ATP) when they are growing 
rapidly than in the fall or under storage conditions. Respiratory elfciency has been 
shown to k related to growth rates and to hybrid vigor (7). 

Patterna of Sucrosc Accumulations 
in  most sugarbeet growing areas of the U S . .  the concentration of sucrose in 

the root and the size of the root increase in essentially a linear fashion throughout 
the growing season (2. 12). Therefore, the longer the growing season, the higher the 
yield and the higher the sucrose content. However, late in the growing season, 
changes occur in the nonsucrose soluble solids which result in improved processing 
quality. The insoluble cell wall (pulp) fraction increases and at the same time 
becomes less soluble at high extraZtion temperatures (70 '-SO'C). The decreased 
solubility is a result of the conversion of pectins from soluble to more insoluble 
forms (37). Amino acid levels decline as nitrogen becomes deficient and free amino 
acids arc converted to proteins. As a result of these chemical conversions, the eff-  
ciency of lime defecation increases. resulting in higher thin juice purities (39). 

Because of its indeterminate vegetative growth habit, sucrosc content and 
quality arc very sensitive to changes in the environment. The environmental factors 
afkcting qualdy and sucrose concentration at harvest time are not well understood. 
Onc important and well-documented factor is nitrogen fertilization; however, 
climate, genetics. agronomic practices and length of the growing season arc all inter- 
related and extremely important in their eNects on harvest quality. 
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Chemistry of the Beet and Processing Materials* 

The composition of sugarbeets varies widely, depending on the genetic strain, 
agronomic factors of soil and fertilization, weather conditions during growth, in- 
cidence of plant disease, degree of maturity. and the treatment between harvesting 
and slicing. The percentage of sugar in mature b e t s  ranges from IO to 22%. The 
purity, the percentage of sucrose in the soluble dry matter, varies between 76 and 
89%. Median values for North American factories for the 1979 campaigns were 
15.5% sugar and approximately 85.0% purity. 

As of all living tissues, the major component of the sugarbeet is water, 
amounting to about three-quarters of its weight. The beet is comprised o f a  liquid or 
juice phase, and an insoluble or solid phase, in a weight ratio of about 19:l. 

Composition of Juice Phase 
Water is again the largest individual component. and the juice contains ap- 

proximately 25% of solids by weight, which are either in true or colloidal solution. 
Of these dissolved solids, by far the greatest portion is sucrose, with small amounts 
of other organic compounds and still smaller quantities of inorganics. The watcr- 
soluble nonsucrose organic constituents can. in turn, be separated into about equal 
quantities of nitrogenous and of nitrogen-free compounds. 

Considering the nitrogen-free substances, there are included here other car- 
bohydrates in small amounts, mostly glucose and fructose, rafinose and kestoses. 
There are likewise traces of arabinose and galactose. The organic acids are 
represented by various mono-, di-, and tricarboxylic acids, both unsubstituted and 
hydroxy acids. The juice also contains small quantities of pectic material with 
saponins, lecithin, and traces of numerous other organic compounds, such as the 
vegetable fats, which, in this case, are esters of glycerol and oleic, palmitic and 
erucic acids. 

Of the nitrogenous compounds, protein fragments make up the largest frac- 
tion. These may be present in process juices as either colloidal or, under certain con- 
ditions, partially soluble suspensions. The nitrogenous organics. which cannot easi- 
ly be coagulated or precipitated, am generally classed as "interfering" or 
"harmful" nitrogen. They make processing difficult. The internal quaternary am- 
monium salt. betaine. is the most abundant nitrogenous component, followed by the 
amides - mostly glutamine and asparagine - amino acids, purines and pyrimidines, 
and ammonia and nitrates. 

The inorganic constituents, totaliny about 0.5% ofthe whole beet, include as 
major constituents the cations of potassium, calcium, magnesium, and sodium, and 
the anions phosphate. chloride, and sulfate, each series arranged in order of abun- 
dance. 

C o r n p i t i o n  of the Solid Phase 
The insoluble portion of the beet, the marc, amounts to from 5 to 8% of the 

b e t  weight. nearly one-half of which is bound water. This can be freed from the 
true marc by drying with heat. 

Of the m e  marc, one-half is insoluble pectic material, the composition of 
which is quite variable. The other half is made of about equal quantities of 

'by R.A. McCinnis. Revised by R.M. Sequeira. Sections of the 1st ed., 
Chapter VII, by Prof. and Mrs. J. Dedck are included. These sections are enclosed 
in quotation marks. 

I 
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cellulose, and of other associated swctural materials such as lignin, and the 
hemicelluloses araban and galactan. In the marc there are also proteins. saponins, 
and trace quantities of miscellaneous organic and inorganic substances. 

The chemical components of the beet will be considered in more detail under 
the general headings: nitrogen-free compounds. nitrogenous compounds, and in- 
organic substances. 

NITROGEN.FREE ORGANIC COMPOUNDS 
Garbhydra tea  

Carbohydrates were often considered to be hydrates of carbon, having the 
general formula, C~HTO),,. However, the term carbohydrates has t e n  expanded to 
include substances which do not conform exactly to this formula, and a better 
definition would be: polyhydroxy aldehydes or polyhydroxy ketones or substances 
which yield such compounds on hydrolysis. Carbohydrates may be classified as 
monosaccharides, disaccharides, or polysaccharides, refemng to the number of 
separate monosaccharide units contained in the molecule. Monosaccharides are sim- 
ple carbohydrates which cannot be hydrolyzed. 

Monasaccharidrr 
The pentose (5 carbon) L-arabinose, a component of the hemicellulose of the 

beet marc, and the hexoses, D . ~ & C ~ O S C  (a constituent of the trisaccharide, ralfinose, 
occurring in the beet). o-glucose and D-fructose are important in the het-sugar 
manufacturing process. The latter two monosaccharides are products of sucrose 
hydrolysis (commonly called inversion). 

All of the monosaccharides mentioned above will reduce Fehling’s solution, 
and are termed reducing sugars, although because of the small amounts of 
arabinose normally present in the process materials, the term usually refers, in prac- 
tice, only to fructose and glucose. 

The invert sugars, glucose and fructose, so called because the observed optical 
rotation of sucrose solutions is chansed by its hydrolysis or inversion to a negative 
value. are quite reactive under conditions of high pH and high temperature. They 
may be destroyed so rapidly that they may accumulate in factory materials only in 
traces. although actually formed in considerably larger quantities. 

Speci/c Rotation. The optical rotatory power of a sugar is given by the 
expression 

[ a t  = 100. where [a]: is the specific rotation at a temperature the optical path 

length, I, of the sugar column is in decimeters, and the concentration, c. is in glml 
(62). The D indicates the rotation is measured at the sodium D line, although any 
other wavelength may h used. Recent work by the U.S. Bureau of Standards is 
seeking to establish the wavelength of the helium-neon laser as a standard wave- 
length for sugar polarization. 

Inuersion. The inversion or hydrolysis of sucrose. and the change of the 
spccific rotation of the solution proceeds as follows: 

I C  
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Many of the chemical reactions of the reducing sugars may be grouped into 
those involving a) the carbonyl group, and h) the hydroxyl (OH) group. 

a) Carbonyl Reactions 
1) Additional reactions of glucosides: condensation reactions forming 

osazones with phenylhydrazine, oximes with hydroxylamine, and addition reactions 
with HCN to form cyanohydrins. 

CHO 

HCOH 
I 
I 

YW 
F" mcH 

HiO" 

HCOH 

.f HCOH T W  dOH 

CHO 
I 

HCOH 
I 

HOCH 
no H 

I I AH,OH 
C&OH 

C b M  
C k O H  

H4H 
W H  *OH "0 -QoH %W no 

OH HO 
O H H  H a 4  

H OH 

a .DAnhina.. o-K.Gnlalctar, 0-0- FNCtac .  O-DGlU- 

aldchydr and aldehyde and Letor and aldehyde a d  
W"'H.r fornu mraoac form'. f"r."a 1omr wrsnoc form. 

H OH OH 

Figure 24. MonouccharideL OF" and c l o d  c h i n  configuration3 

Glucoside. A glycoside involving glucose. A glycoside is a sugar derivative in 
which carbon 1 of the internal hemiacetal is bonded to another group. This bond is 
referred to as the glycosidic bond. 

Oraonc. A compound formed by treating aldoses or ketoses with 
""2 

. Osazones have characteristic melting points. and 0 phenylhydrazine 

other physical constants. which are useful in identifying sugars. 
Oxime. A compound formed by reaction of aldehydes or ketones with 

ylamine, "?OH, and characterized by the group =N-OH attached directly to a 
carbon atom. 

Cpnohydrin. A compound formed by the reaction of aldehydes and ketones 
\,/OH 

"C" 
with HCN, and containing the group 

2) Oxidation to mono- and dibasic hydroxyacids. 
3) Reduction to alcohols 
4) In warm, alkaline solutions. caramelization, and formation of acidic prod- 

ucts. 

Carbohydrate Nomenclature. A Jumnore is a sugar which contains a 

as shown in the furan )-membered ring of four carbons and one oxygen, 
form 
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of glucose, 

which contains a 6-membered ring of five carbons and one oxygen 

as shown by the pyran form of glucose, a or glucopyranose. 

Geometric Isomerism. Referring to the glucopyranose structure, the carbon 
designated as no. 1 is asymmetric, and thus two stereoisomers exist. a if the OH 
group is located below the plane of carbon atoms as represented by the Haworth 
formulas, and 0. if above. 

The furan or pyran forms are made by linkage of the aldehyde oxygen attach- 
ed to carbon 1 .  with carbon 4 or 5 .  The aldehyde form ofglucose. or ketone form of 
fructose are in equilibrium with the ring structures in solution. The crystalline 
sugars are generally in the a or 9 form, and mularolalion is the change of optical 
rotation occurring as a result of the equilibrium of the various forms. after dissolu- 
tion of the crystalline sugars. 

Optical Isomerism. The aldehyde form of glucose illustrated in Figure 2-6, 
is the v-glucose isomer, and its specific rotation is positive. If the positions of the H 
and OH on each of the carbons 2,  3, 4, and 5 are transposed, it becomes L-glucose, 
and the specific rotation is reversed. However, D and L do not refer to directions of 
rotation; o-fructose has a negative specific rotation. They refer ultimately to the con. 
figurations of u- and L-glyceraldehyde as described by the fundamental studies of 
Emil Fischer. Another basic system for the specification of configurations of all 
substances exhibiting configurational isomerism is useful to circumvent ambiguities 
resulting from the overlapping of individual systems of nomenclature. The symbols 
R and S are used ( I  I). 

In acid solntlons, under dehydrating conditions, hexoses can lose three 
molecules of hater, forming hydroxymethylfurfural, which then degrades into for- 
mic and levulinic acids, In addition, other reactions may occur, yielding disac 
charides, and saccharides of higher molecular weight (Figure 2-7). 

~ or glucofuranose. A pyranose is a sugar 

0 

cn20n cno CH. 

I I A0 
I 

" O i l  no n SOLX. ACO .ib _. CH. 

C H I  
I 

COOH 

HCOOH 

I + w  
nc HfOHJ HL I 

CHZOH 
I 
cn20n 

In hot, alkaline solutions, invert sugars rapidly are converted into acids and 
colored decomposition products. The destruction of glucose is preceded by its 
isomerization to fructose and mannose. From a practical viewpoint, even traces of 
invert sugars will decompose and came significant increases in the colors of process 
solutions. One molecule of glucose or fructose usually yields two molecules of acid; 
thus the inversion of one molecule of sucrose yields four molecules of acid, and thus 
can form four equivalents of lime salts. 



The colors of the alkaline decomposition products are greater when formed at 
lower alkalinity. From an operating standpoint, the most desirable method of 
destruction of invert sugar in the difiusion juice is by liming the juice at a relatively 
low temperature, and then heating i t  to 80 "C or above. Figure 2-8 summarizes the 
results. 

Bichsel (5.3) has developed a kinetic method far the study of steady state con- 
centrations in alkaline process liquids, which permits estimation of the deslructivn 
of glucose and fructose to be made with some precision. 

005 0.1 02 

ALKALINITY %Coo 
Tables 2-1 and 2-2, compiled by R. M. Silin from his own studies (79),  sum- 

marize his data. 

Tsblc 2.1 Acidic P r d u r U  of the Alkaline Reaction. of lnvcrt Sugsn (79) 

A d  Formula C"lllme"tS 

b) Hydroxyl Reactions 
1) Formation of esters, or reaction products of acids and alcohols, in- 

lo 
cluding acetyl (CHJ-C-) derivatives: 

2) 0-methyl derivatives. CHs-0-), or ethers: 
3) saccharates with metals. 

c) Microbial or Biological Reactions. The reducing sugars are metabolized 
by microorganisms and yeasts yielding, among other substances, various alcohols, 
lactic acid, butyric acid, and dextran. 
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Tnblc 2.2 Solubilit, of Some Acids and S.1" Formed from Reduring Sugan in ALLdioc Solu- 

(8  = loluble, p = prmipirated by) 
tion. (19) 

Bask Lend Basic Ba (OH), 
Free Acclatc + Lead Lead or 
A d d  Ammonia A c e t a t e  A c e t a t e  Ca (OH). 

giucimic acid P P I 
apoglucinie arid P P P 

P P P P 
~ D ~ P I I ~ C  acid P P P P 1 
humic acid P P P P P 
saccharink acid P s II 

s saccharummic acid 

lactic acid 

*All sodium and potassium salts are soluble 

Table 2.8 Wafer Solubility of Monosaccharides in Percent Con~entraiion by Weight 

Temperature, 'c Ref. 
0 10 20 a 30 55 60 90 

Table 2.4 (77) Physical Propcrticr of Monosaccharides 

Specific 
Mcltisg 

M o l ~ u l a r  Point cryrra11ine Density 
Rotit ion,  

Wdght OC Form =/"I 
~~ 

c.g!"":e -1-52.1 !8O.i6 146 ihcni:;ic iiccdles 1.5.:4+ 

D.fT"C1OI. -92.4 180.16 102- i O¶ nefl1ies l d 9 R O  

o . g a i a ~ t ~  +no.z 180.16 I67 hex. tabieir 

oi.-rrabinor i 1 0 4 . 5  150.13 IGO rhombic prisms 

Dimccharidea 
Sucrose. The only disaccharide of importance in beet materials is sucrose (sac- 

charose, cane sugar, beet sugar, o-D-g~ucopyranosy~-~-D-fructofuranoside). See 
Figure 2-9. 
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Fnnmm d al. hare xpnd Ihc following v & o  II 25'C (371). pKt i 12.02. pKz i 17.56. pK, s 12.01 

c) Reactions i n  Aqueaua Solutionr'. "Chemically. sucrose is rather unstable. 
k i n g  easily hydrolyzed, especially in acid solutions, to glucose and fructose. These 
are even mote reactive sugars, which decompose into acids and colored products. It 
is important to recognize that in the presence ofheat and high alkalinity ~ U C T O I C  can 
fom oxalic acid, resulting in the deposition of calcium oxalate scale in the 
evaporators and vacuum pans (88). The greatnumberofhydrophilic OH groups it 
contains make it easily soluble in water, even though its molecular weight is high, 
These hydroxyl groups can he esterified. The hydroxyl groups are further able to 
dissociate ionically. so that sucrose will behave as a polybasic acid in alkaline solu- 
tions (57) ,  and can fonn alcoholates, or saccharates." 

d) Reactions in  Acid Solution. Under the catalytic action of hydrogen ions. 
and to a smaller extent of hydroxyl iong, sucrose hydrolyzes. forming glucose and 
fructose. In so doing. the dry substance in solution increases by the weight of the 
water molecule, or 5% (see Figure 2-10), 

The inversion is a bimolecular reaction between sucrose and water. However, 
in dilute solution. the water concentration is effectively constant, making it a 
unimolecular reaction. Further. since in factory practicc only small amounts of 
sucrose are allowed to he destroyed. the sucrose concentration. also, may be consid- 
ered constant. reducing the reaction to lhe zero order, where the rate is proportional 
to the catalyst. 

CHPH C+OH 

HO 'am@ 0 CHZOH + H O H  = HO HQ OH y w  01 CHIOH 

H OH OH H H OH OH H 

Figure 2.10. Inrrriion of aucrox to form g l v r ~ v  and f r w t a ~ .  

'See refs. 55a, 58a, 59a 
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In this reaction I is the quantity of invert formed, and So is the original sucrose 
concentration, t is the time in minutes, and K is the rate constant: 

(3) 

K = KO [H']. (4) 

I = KSa t 
The rate constant is proportional to the hydrogen ion concentration. 

KO is a constant, independent of the hydrogen ion concentration, but which in- 
creases rapidly with temperature. If SO and 1 are expressed in any consistent units. 
values oftbe rate constant, KO, for different temperatures are, 50". 0.1145 M-'; 
60"C, 0.3806 M-'; 70°C. 1.182 M-';  BO'C, 3.303 M-';  90°C. 8.922 M-'; 
lOO"C, 26.797 M-'. 

e) Reactions in Alkaline Solution. Sucrose is resistant to reducing agents, 
showing only a slight effect with Fehling's solution. 

In hot, alkaline solutions, decompositions occur. The primary product is lac- 
tic acid. It has been noticed that when such decomposition occurs in the 
evaporators, about three equivalents of acid are formcd per mole of sucrose 
destroyed. Hirschmuller states that as a rule of thumb, if one assumes that the 
sucrose loss in a limed solution of pH I 2  (20 "C) held for one hour at the boiling 
point is OS%, approximate estimates may be made of sucrose losses under other 
conditiohs. This is done by estimating that one unit increnre in pH or 10 "C increase 
in temperature involves a three times increase in sugar loss, and in the case of small 
losses, these are directly proportional to the time. 

The hot, alkaline decomposition of sugar causes a browning effect, with for- 
mation of largely undefined coloring substances. probably not similar to those men- 
tioned in the alkaline degradation of invert. 

The alkali and alkaline-earth metals form saccharates. in which a metal ion 
replaces an H ion in one of the  OH groups, and in this reaction sucrose behaves as 
an acid. Calcium and barium saccharates are discussed in detail in Chapter XVIII. 

Sucrose is not easily oxidized, except by strong oxidizing agents such as per- 
manganate, peroxide, or nivic acid. Likewise reduction requires strong methods, 
such as the use of hydrogen in the presence of metallic catalysts. 

r) Hydrolysis by Enzymes. Sucrose may be hydrolyzed by the action of 
various enzymes, and a common example is with the use of the enzyme, invertase, to 
invert sugars. The hacterium Leuconostoc rnesenleroider, frequently encountered in 
the sugar faciory as "frog-spawn,'' Secretes an enzyme, a-D-ghcopyranosy~ 
transferase, which converts sucrose to fructose and dextran. Dextran has molecular 
weights up to many millions (52). Bacillus subtilis can correspondingly bring about 
the formation of the high-molecular-weight polysaccharide, levan. 

Dextran and levan are frequently formed in appreciable amounts in beets in 
storage under unfavorable conditions, and can constitute a real problem. These 
substances can partially seal filter cloths, and have seriously impeded rotary vacuum 
filtration of first carbonation sludge in a number of instances. Both dextran and 
levan appreciably affect the polarizations of the process juices. Their presence in ap- 
preciable quantities can cause ermr in the measurement of the sugar entering the 
factory. 
Trisaccharidcs 

The only trisaccharide found in significant quantities in all sugarbeets is raf- 
finose. Under certain circumstances kestoses are found, and identification has k.1 
made of the trisaccharide, planteose. 
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Raffinose interferes with the crystallization of sucrose, primarily by adsorption 
on specific crystal faces. This effect can bt significant in processing in certain beet. 
growing areas. The effect assumes technical importance when the raffinose concen- 
tration in solution exceeds 0.5% on sucrose (50). 

Raffinose influences the crystal habit of sucrose, a result of the reduction of 
normal growth rates along certain crystallographic axes (49). At  levels ranging from 
zero to 0.5% raffinose on sucrose, no significant deformation OCCUTS. A distinctive 
cubic appearance is evident at levels of 0.5% to 1.0% or more. Peculiar flat crystals 
are induced as the rafinose level approaches 2.0% on sucrose. At even higher con- 
centrations the crystals become thin. narrow plates, sometimes almost needle-like. 

a) Physical Properties 
Crystal form: needles or prisms. Normally crystallizes as the pentahydrate, 

Molecular weight: anhydride. 504.45 

Melting paint: anhydride, I 18- 1 19 'C 
pentahydrate, 80 "C. 

Boiling point: pentahydrate, decomposes at 130°C 

Solubility: pentahydrate: water, 14 gi l00 ml at 2O"C, freely soluble, hot. 

ethanol, slightly soluble 
methanol, insoluble 

i 

C t ~ H ~ ~ O w 5 H z O  

pentahydrate, 594.45 

Raffinose. Raffnose (melitose, mellitriose, gossypose) is a trisaccharide (see 
Figure 2-1 I )  which occurs in sugarbeets to the extent of 0.3-1.2% or more of the 
sugar present (10.65a). The amount in beets increases with prolonged, cool storage. 
and since i t  is as chemically resistant as sucrose, it accumulates in the molasses. 
Since i t  farms insoluble calcium saccharates, it is precipitated along with the sucrose 
in the SteKeen process. greatly increasing the raffnose content of Stellen molasses. 
Referred to the anhydrous form. in solution it is nearly twice as dextro-rotory as 
sucrose. and its presence affects the polarization for iucrose determination, which 
may lead to sugars polarizing over IO0"S. 



Specific rotation: [at," anhydride, +123.1 (77)  
pcntahydrate, + 105.2 (66b) 

Because its presence increases the polarizations of factory materials, it is prac- 
tically important to be able to estimate its concentration, analytically. While paper 
chromatographic methods are currently in widest use (13,17,55,97), thin-layer 
chromatography can be used to advantage (89). and an enzymatic-photometric pro. 
cedure holds promise (61). 

b) Chemical Reactions. Rafhose does not reduce Fehling's solution. 
In very dilute acid solution, or with invertase, a partial hydrolysis occurs in 

which the fructofuranose ring splits off, leaving melibiose, a disaccharide composed 
of D-galactose and o-glucose, and the freed o-fructose. Still more rigorous acid treat- 
ment splits the melibiose into its components. On the other hand, under the catalysis 
of the enzyme a -galactosidase, the raffinose splits into sucrose and o-galactose. 
Minor Trisaccharide. 

Kcstoses. Kestoses are fructosyl sucroses. formed from one molecule of 
sucrose and one of fructofuranose. Three configurations of this trisaccharide have 
been found in beets. These are designated 6-kestose, I.kestose, and neo-kestose (8) 
(Figure 2-12), 

mucmSE 
rn"CTDY 

n on 
mzrosz 

Rccently Rinkley, rf. a/. (7) has found a nnnfrrmenclhlr trisaccharide, 
planteose, in small amounts in beet-sugar materials [ o-o-galactopyranosyl- 
( I  -6)~o.fructofuranosyl.(2- I )  m-u glucopyranoside]. 

Also a tetrasaccharide, stachyose. in which raffinose is attached to another 
molecule of galactose, was isolated in small amounts from beet molasses by 
Schneider, cf. ol. (69) [.-o-galactopyranosyl( I -6)-o-i,-galactophranosyl-( 1 -6)- 
~-U-glucopyranosyl-( I - 2)-p-~-fructofuranoside]. 
Miscellaneous Carbohydrates 

a) Inositols. T h e  inositols are are hexahydroxycyclohexanes. Myo-inositol 
has been found in beets in the amount of 0.4% an  sugar (see Figure 2-13), Brown 
and Serro in 1952 (74) first isolated and identified I-O.(o-i,galactosyl)m~o~inositol, 
which they named "galactinol." l'hese workers obtained galactinol from Steffcn 
molasses. Later, Dutton, using a modified procedure, isolated galactinol from 

"; Figure 2-13. myo.inaitol. 

H 
OH H 
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straight-run molasses (34). He found the galactinol content to he somewhat less than 
0.2%. This substance reacts weakly to certain aldose tests, does not react to ketose 
tests. hut does react with ammoniacal silver nitrate. Neither my-inositol or galac- 
tinol are aNected by carbonation, but they are precipitated in the Steffen process and 
thus accumulate in Steffen molasses. Calactinol is optically active, 
the [a] = + 135.6 ', and the polarization drops to a low value after hydrolysis 
in the presence of melihiase. It normally exists as the dihydrate, C12H22011.2 Hz0,  
m.p. 220-222 "C, solubility in water at 20 'C. 99.8 gll00 g water. 

My-inositol has a m.p. 225-227"C, no optical activity, and water solubility 
of 14 gll00 ml ofsolution at 25°C.  

h) Hernicellulosa. Hemicelluloses are carbohydrate polymers. Chemically 
they have no relation to cellulose, and the name has arisen because they are fre- 
quently found in association with cellulose. 

Araban and galactan are polysaccharides occurring in conjunction with pectic 
substances as constituents of the cell walls. Araban makes up about 25.30% of the 
pectic substances, Galactan is present in relatively small quantities. Both are dissolv- 
ed from the cell walls by dilute alkaline solutions, and on heating with dilute acids, 
break up into their chief building blocks. L-arabinose and D-galactose. 

Araban is water soluble (EO), optically active [ a  ]E = - 129 ', and has a molec- 
ular weight of 10 000. The basic structure is thought to be ~~arahofuranosc, con- 
nected with an a.glycoside linkage (Figure 2-14), 

Sugarheet galactan has neither been isolated nor has its structure been 
elucidated. 

Figure 2.14. Repeating unit of l!4 OH 
araban. \ 

Araban and galactan, liberated from the pectin complex present in the beet, 
pass unaltered through the normal purification process to the molasses. Quantities 
of araban ranging from 100 to 500 mg per kg have been found in various molasses 
( I  9), the higher levels bring associated with the operation of diffusers using makeup 
rich in ammonia. Araban and galactan are removed from thin juice by activated car. 
ban. 

Polysaccharides of High Molecular Weight 
Cellulose 

Cellulose, (Ce.HioOs)n makes up the major portion of vegetable fiber and 
tissues, and consists of building blocks of glucose, connected in very long and very 
stable molecules with 1;-glycosidic connections (Figure 2-1  5). Chemically. cellulose 
is relatively inert. and is quite insoluble in water and dilute acids or bases, but is 
aolublc in Schwcitzcr's reagent [Cu (NHsb] (OHh. Ncvcnh~lcss, it can k digc~tcd 

I 
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by ruminants with the aid ofintestinal bacteria, for whom it has a real food value. It 
haa bccn found to makc up about 26.27% of the bcct marc (39). 

F i g u r e  245. Repeating unit of rcllulox. 

Lignin 
Lignin ( C i o H i @ n ~ ,  is probably arranged structurally in units of 

- (C~HIXOCH~)C~H~.O-  joined with cellulose to contribute strength LO the cell 
walls. It is thought to he related to coniferyl alcohol (CHnOXOH)CsH?-CH: 
CHCHxOH. It is insoluble in water or dilute acid or alkaline solution, and remains 
with the pulp, where it is apparently without food value. 
Pectic Material 

The cell walls are largely made up of pectic substances, the central lamella he- 
ing almost 100% pectic substance. T h e  total content in beets varies from 2.5 to 10% 
on ds, being higher in immature beets. It is the largest component of the beet dry 
substance, after sucrose. Dissolved pectin is also found in the cell sap, as well as in 
immature beets (0.008-0.01 5%) ( 5  I). T h e  pectin content decreases markedly in long 
term, warm beet storage ( I ) .  Since there have been a number of changes in ter- 
minology, current standardization is as proposed by Henglein (42). 

Pecfic rnalenhl is a collective designation. Pro lopd in  is the portion in- 
soluble in water, which forms pectin on hydrolysis. Pectin in turn is polygalac- 
turonic acid, partially or wholly esterified. Apeclinole is a salt of pectin. Peclic acid 
is unesterified polygalacturonic acid, and a peclaIe is a salt of pectic acid. 

As already mentioned, the hemicelluloses araban and galactan are usually 
found associated with pectic materials, as are cellulose and lignin, all of which may 
be connected with true pectic substance by secondary valences or esterifications. 

The building unit of pectin is n-galacturonic acid (63.71) (Figure 2.16). 
Pectin contains long polygalacturonic acid chains, with a -glycosidic linkages, 

which contain about 7% by weight of methylated carboxyl groups ( -CO-0-CH,)  
and 6% by weight of a-acetyl groups (CH5CO)- . Beet pectin contains more acetyl 
groups than other vegetable pectins, and thus has a lower jelling power. The 

HCOH 
0 F i g u r e  2.16. o-galctumnic a c i d .  

HC 
I 

COOH 
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molecular weight of beet pectin, (about 20,000) is much lower than those of apple 
or citrus pectins, which range between 150 000 and 200 000. 

Beet pectin is optically active. [ a ] o  = + 130", and after de-esterification this 
rises to +230" (81). Because pectins are not easily defecated with lead acetate, the 
error of apparent purities is increased, and sucrose losses may be simulated. Free 
pectin is quite soluble in 20 parts of water, but its calcium salts are insoluble. 

Beet pectin will hydrolyze in acid, or much more easily in alkaline solutions, 
with the loss of the methyl ester groups as methyl alcohol, and the loss of the acetyl 
groups as acetic acid. Finally the pectin chain is hydrolyzed by acid to give units of 
lower molecular weight. which are not precipitable by lime. Pectic acid is quite 
stable to alkalies. 

In Figure 2-17 is a diagram which summarizes the pectic relationships (81). 

I 
o-eALA2- 100 

Figure 247. Rclatiolubip of F t i r  rnntrrirl. (Silin). 

In the prOCCS8, care must be taken to avoid acid hydrolysis ofpectic substances 
which results in solution ofpcctin and pectinates and their products, pectic acid and 
pcctates. The hydrolysis of the methyl ester groups is much more rapid at elevated 
temperatures. The rate of hydrolysis is at a minimum at 5.2 pH (84), but increases 
as the pH is either lowered or raised. At 7 pH the rate is 8 %  that at 5 pH. 

Dedek (29) found that colloidal micelles of pectin probably behave as cation 
exchangers. This property may tend to increase the natural alkalinity. He  notes that 
the "large~molecule pectins, if present, will form, on liming, voluminous colloidal, 
strongly hydrated precipitates, even highly viscous jclly.like solutions, settling and 
filtering with great difficulty. The lower-molecular weight decomposition products, 
either produced in the beets or during the liming of the juices, seem to influence the 
crystallization of sucrose, and to form turbidities which are difficult to remove by 
filtration." There are indications that the precipitation of proteins in cossette 
scalding may be enhanced by the presence of pectins (30). 

Activity ofcertain enzymes has been noted in breaking down pectic structures. 

Organic Acids 
Many organic. nitrogen-free acids occur in the sugar bcet in small quantities, 

and more are produced in the factory materials as the products of decomposition of 
larger organic structures, under the influence of enzymes, microorganisms, or 
liming. 

Table 2-5 lists the acids commonly identified together with some of the 
characteristics important in processing. 
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In general. organic acids may be regarded as intermediate or end products of 
changes in carbohydrate structures. In  the plant, they serve a useful purpose as buf- 
fers to maintain favorable pH environments. While in the sugarbeet itself the in- 
organic acids predominate. in diffusion juice the organic acids make up the greater 
portion. See Table 2-6. 

]"ice (06) 
Table 2 6  Rdnt ive  Diuribvtion 01 Organic and Inorganic Acids in Bau and Diffusion 

Pcrrcnt of Tatst Acida 
Bau Diffuaion Juice 

lnorgsnir - 
Phmphonr 40.0 25.1 

Sulfunr 5.8 5.3 
Uydmchloric 13.3 13.7 

- - 
59 0 11.1 

2" " 18.4 ~~ ~ 

6.7 10.7 
1.0 4.7 

6.8 
8.8 

7.8 } 6.6 

1.S n.6 
I 1 . U  51.9 
- - 

Acids with Insoluble Lime Salts 
For practical purposes. acids may be classified either as having relatively in- 

. d u b k  or :e-!ati:.cly sc!zble calcium sdts. Prominent examples of the insoluble class 
are oxalic, tartaric, and citric acids, together with the inorganic sulfuric and phos- 
phoric acids. "These acids are, in the form of potassium and sodium salts, very im- 
portant as a source of the so-called 'natural alkalinity,' formed in accordance with 
the reaction: An' + CaO + H10 = CaAn +ZOH-where An= is the anion of such 
an acid, and CaAn is its insoluble lime salt. The NaOH or KOH so farmed is the 
natural alkalinity. and plays a very important role in the precipitation of Ca from 
soluble lime salts in the second carbonation." 

There are a number of unusual features. The solubility of calcium oxalate in- 
creases with increasing lime content, and decreases with increasing sugar content 
(67). and, indeed, the solubility of all calcium salts increases somewhat in alkaline 
sugar solutions. probably due to complex formations. Spengler and Brendcl (R7)  ac- 
tually found that calcium oxalate goes into solution in main liming, but  i t  is 
precipitated again in carbonation. Oxalate, it has been pointed out. can be formed 
as a result of a Cannizaro disproportionation reaction (between two molecules of 
certain aldehydes in alkali. so that one is reduced to the corresponding alcohul. 
while the other is oxidized to the acid) of glyoxylic acid. I t  has also been suggested 
that it may result from the decomposition of so-called oxalogenic substances such as 
oxamide, allantoin, and sucrose. More recent critical studies indicate quite clearly 
that calcium oxalate deposition as scale in evaporators is not due to  any ofthe above 
reactions hut can be accounted for in terms of the solubility product of calcium ox- 
alate. This solubility product, in the presence of 30% sucrose, is half what i t  is in 
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solutions containing 10% sucrose. (12). That oxalate formation from invert dcgrada- 
tion is negligible in comparison with the oxalate which is not removed in juice 
purification by liming and gassing with carbon dioxide was strikingly demonstrated 
in experiments involving the use of radioactive fructose (20). 

Citric acid usually precipitates as the tricalcium citrate. Its solubility also 
decreases with increasing sucrose concentration, and it can form very highly super- 
saturated solutions, from which crystals can slowly deposit in sugar-end equipment, 
and even appear as flakes in the sugar itself. Citric acid, when heated. can undergo 
dehydration, eliminating a molecule of water to form aconitic acid (Figure 2.18). 

CHzCOOH CH-COOH 
I I 

citric arid. I I 
cl+cow w, cow 

Figure 2.18. Formation of aconitic acid from HOC-COOH C - C W  + HOH 

Acids with Soluble Lime Salts 
"Acids which ,+e easily soluble lime salts arc. from the point ofview ofjuice 

purification, of lesser importance. They increase the ionic strength ofjuices. thus in- 
fluencing the dissociation constants of such substances as carbonic acid. If present 
as free acids, they give rise to the formation of lime salts. Their pK. if low, is also 
responsible far less eficient deliming in second carbonation. Oxyacids are able to 
form co:nplcx calcium salts. and they thus also increase the lime content of car- 
bonated juices. In alkaline. limed, and carbonatedjuices, they act as buffers, allcct- 
ing the pH-alkalinity relationship in the juices. They are, through their cations 
(24.25). strongly melassigenic." 

Basic lead acetate precipitates all the organic acids with the exception of 
glycolic. lactic. and malic. The optical activity of malic acid could be a factor con- 
tributing to cause errors in sucrose polarizations uf leaded solutions. 

Saponins 
Saponin, or sugarbeet glycoside. appears to be located primarily just under the 

skin of the sugarbeet root, wherc i t  may protect the beet against invasions of 
microorganisms, since i t  is quite toxic to lower forms of life. including fish. 
although harmless to man. 

Chemically, saponins are characterized by aqueous Solutions of very low sur- 
face tension. and are responsible for the high harning power of diffusion juice. 
Saponins arc insoluble in acids, and are precipitated by heavy metals. 

Saponins consists of a pentacyclic triterpene, called the sapogenin, tied with a 
glucosidic linkage to an acidic carbohydrate. such as glucuronic acid. I t  was first 
conclusively shown hy Ehrlich and Kehorst (15) and van der Haar (41)  that beet 
saponin ccmtains a sapogenin of oleanolic acid linked to a molecule of glucuronic 
acid. Eis and co-workers (36) first showed the sugarbeet saponin to be primarily 
responsible for floc formation in carbonated beverages made from beet sugars. 

With the aid of thin-layer chromatography, van Duuren (92) found that there 
are probably at least six diffcrent sapogenins present, all belonging to the p.amyrin 
group. In addition to oleanolic acid. he was tentatively able to identify quillaic acid. 

Eis found thrce species present: the free aglycone. deanolic acid: the 
glycusidc, composed of uleanolic acid and glucuronic acid: and a glycoside-salt 
complex, cleaving into glucuronic and oleanolic acids on hydrolysis (Figure 2.20). 
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Carbonated Beverage Floc 
Floc formation in carbonated beverages is complicated. since saponin serves as 

a “trigger” substance, and traces of other acid-insoluhle substances in solution. 
such as defoaming oils. will join with the saponin to add to the hulk of the visihle 
flocr. In the absence of saponin, however, no floc appears on acidification, hut only 
a general lisht turbidity. 

Normal lime-carbon dioxide purification, when carefully and optimally con. 
ducted. will eliminate over 97% of the saponin which is present at from 5000 to 
IO 000 ppm on ds extracted in the diffusion juice. The small amount passing 
through the process is, however, aelectively adsorbed in the sugar crystal faces, and, 
in general, more than 2 ppm in the crystalline sugar will cause unpleasant appearing 
flocs when a dilute water solution of the sugar is acidified. 

The amount of floc in the sugar can be affected in many ways. If the diffusion 
is conducted at a lower pH,  at least theoretically, less floc is extracted. The use of 
predefecation increases floc elimination. Vigorous defecation, with large amounts of 
lime, high first carbonation alkalinities and lime addition to second carbonation in- 
crease the saponin precipitation. Once past the purification stage, efToort can only be 
made to keep the saponin in solution, or to remove it by adsorbing agents. Since the 
saponin is more soiuble at high pH vaiues, attempts have been made to keep the sec- 
ond carbonation endpoint relatively high (0.028% CaO alkalinity) and to keep the 
massecuite pH above 8.6 (60,68). This was done successfully by the steady addition 
of caustic soda to the white pan massecuite while boiling, although at the sacrifice 
of color increase and purity lowering (38). It was accomplished without detriment 
by “careful operation” an appreciable part o f a  campaign (54). This has also been 
accomplished by careful control of second carbonation and sulfitation, essentially 
preventing a pH lowering across the evaporators. 

One manufacturing company alkalizes the white massecuite in several of its 
factories by steadily adding caustic soda to the third or fourth evaporator effect. It is 
also common practice to add soda ash to the remelt-sugar melters for the same pur- 
pose. 

Removal by adsorbing agents is more successful, and this is accomplished in 
all of the five factories of one company by passing the thick juice through beds of 
regenerable, granular carbon (Pittsburgh CAL or Nuchar), with the added benefit of 
additional color removal (2). Most anion exchangers will nearly completely rrmove 
saponin from treated process liquids. 

Lipids 
The beet fats are mostly located in the protoplasm portion of the cell walls. 

Estimates of the lipid contents ofheets vary from 0.01% (65)  to 0.03% (82) on beets. 
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The approximate composition of the lipids (4565.82). assuming the n.n3% value. 
and 17.9% soluhle ds in the beets. is: oleic acid. CH,(CH2),CH:CH(CH+COOH, 
0.01% on beets: erucic or brasridic acid. C H ~ ( C H ) I , C O O H ,  0.003% on beets: 
lecithin. phytosterols. 0.01% on beets. 

The acids are probably present in the form of glycerides. 
Phytosterols are unsaponifiable plant sterols characterized by the presence of a 

saturated phena;n;hrene ring (see Figure 2.2 I ) .  with an additional 5-member ring 
fused at the 1.2 position. 

2 Figure 2-21. Phcnrnthrrnc ring 

Lecithin is a generic name for a 3-carbon chain structure, as shown in Figure 
2-22. where R I  and R2 are fatty acid residues. Since lecithin contains a substituted 
ammonia group (quarternary nitrogen). it is to some extent a vegetable base, and is 
saponified by alkalies, yielding salts of fatty acids. phosphoric acid, and choline 

The fatty acids and portions of the decomposition products of lecithin are 
eliminated in the juice purification process. The phytosterols. in very small 
amounts. may pass through to the molasses. 

(82). 

p - a m ,  

figure 2.22. Lcrithin. 

NITROGENOUS COMPOUNDS 
Since the beet contains I %  or more of nitrogen-containing compounds, and 

since they mostly become parts of the diffusion juice, their importance from the 
technical viewpoint is very great. While the percentage of nitrogen varies widely 
with types of fertilization, beet strains, and growing conditions. Table 2-7 gives a 
typical distribution of nitrogenous compounds in an average European beet. 

Table 2.7 Nitrogenous Materials in BWIS (83) 

% % 

Amino acids and othelf 0.042 21.0 
Amides 0.015 7.5 
Ammonia 0.005 2.5 
Nitratn 0.002 1.0 
Proteins and pept ide 0.115 57.5 
Betaine and choline 0.020 10.0 

0.001 0.5 P u r i n e  
Total 0.200 100.0 

on BIIU of Total 

- - 

The nitrogenous materials which are not removed in standard juice purifica- 
tion have been called "interfering" or "harmful" nitrogen. The substances which 
are removed are: 1) proteins, coagulated by lime; and 2) ammonia, expelled from 
the alkaline solutions. 
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Some amino acids are adsorbed by the first carbonation precipitate. hut be- 
taine and choline, nitrates. the purines. and mast of the amino acids are molasses 
formers. 

Amino Acids 
With the one exception of 7-aminobutyric acid which is found only in the cell 

sap, all the amino acids are constituents of both the proteins of the cell structure, 
and ofthe cell sap. The  amino acids commonly found in the sugarheet, with some of 
the characteristics important for the factory processing, arc listed in Table 2-8. 

An amino acid is an organic acid in which one or more of the hydrogen atoms 
of the carhon chain has been replaced by an NHz group. Thus amino acids are am- 
photeric: Le.. they can act either as acids or as bases. In alkaline solution, the NH2 
group adds a molecule of water and becomes the hasic NHlOH group. and this can 
form salts with an acid (Figure 2-23). The carboxyl group can react with bases in 
the normal manner. 

F i p r c  225. Amphoteric rhsnctcr. 7 + P  n+ + 7 iiticz of amino acxds. B d r  " i t  form, 
HzNCKCOi  - HzNCH-CO: G== H#-CH-COzH as in  I h e ~ i d i u m n l r  N o r m i i ~ I , f a r m  

PI in thc frm amino add. Acidic arlt 
BASIC SALT NOeMAL SALT ACIOICSALT form, P I  i n  the a m i n o  ac id  

hydrahiorid. 

OH' 

Mort ofthe amino acids are water soluble, and all are soluble in alkaline solu- 
tion. None are precipitated by lime, but some small aninunts may be adsorbed and 
removed by the first carbonation precipitate. 

Amino acids are frequently classified in three groups: the predominantly 
acidic amino acids. which comprise lysine. arginine. and histidine: and the neutral 
amino acids. 

The equilibria of the [OH-] groups with the amino group and the IH'] with 
the carboxyl groups arc, of course. alfected by the pH ofthe solution. At a certain 
pH. the electrical charges within the amino acid molecule are at a state of equality. 
or are "isoelectric." At this point the molecule will not move in an electrical field. 
Since amino acids are hydrophilic substances, they are normally protected from 
coagulation by an adsorbed sheathing of water. At the isoelectric point this protec- 
tion is lost. and the acids tend to flocculate. These isoelectric points are. for the 
acidic acids, about 3 pH. for the basic acids from 8.1 I pH, and for the neutcal acids 
about 6 pH. 

"Amino acids react with Ca**  to form complex cations (CaAn+)(23.40) thus 
increasing the total amount of lime in the juices. Carbonic acid is readily bound by 
them in the form of carbamates (76) which are changed into carbonates relatively 
slowly. Amino acids act as very efficient buffers. and lower the pH of second car- 
bonation juices, which means also a lowering of the [COS=] (9). and therefore a less 
eficient deliming. Dark colored products may he formed, through reaction of the 
amino groups with the CO of the reducing sugars according to Maillard's, o r  the 
hrowning reaction (59). They are melassigenic. either by themselves or thmugh thcir 
cations." All are optically active exceptiny glycine and 3 -aminobutyric acid, and 
the magnitudes of activity are strongly dependent on the pH of the solution, being 
capable of reversing the polarization with pH change. Therefore apparent purity 
determinations may provide erroneous information hecause ofchanger in optical ac- 
tivity, which will affect the estimation uf  sucrose IDSSCS. 
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Most amino acids are fermentable by yeasts, and this takes place with the loss 
of one C atom as CO,, the assimilation by the yeast of the nitrogen in the form of 
ammonia, and the yield o f the  appropriate alcohol. When beet juices are purposely 
fermented to produce ethyl alcohol, the chief undesirable constituents are isoamyl 
and isobutyl alcohols, which result from the fermentation of leucine and valine. 

Of the individual amino acids, glutamic and aspartic are present in the largest 
quantities. The  mother substance ofglutamic acid in the bcets, glutamine, gives rise 
to glutamic acid and pyroglutamic (pyrrolidone-carboxylic) acid when passing 
through the process. Glutamic acid is of interest because it is the only amino acid 
which tends to split off water. Glutamine will form pyroglutamic acid directly with 
the loss of ammonia. and with additional hydration will form glutamic acid. 
Glutamic acid is in equilibrium with pyroglutamic acid with appropriate loss or 
gain of water (Figure 2-24). In final molasses. most is in the form of pyroglutamic 
acid, and this, by treatment with strong acid or base. can be returned to the glutamic 
acid form. 

Glutamic acid is of economic importance because of the value of its 
monosodium salt as a flavor enhancer. 

The very important amino acid, Dopa (3.4 dihydroxyphenylalanine) has been 
found (66a) mainly in beet leaves, usually when there are some Cercospora leaf spot 
lesions, and the presence of Dopa may be related to Ieaf.spot resistance. 
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Amides, Ammonium Salts, and Nitrates 

Amides 

An amide is an organic acid in which the OH group of the carboxyl is replaced 
by an NH2 group. In the sugarbeer. these are chiefly glutamine (1:glutamine. 
2 -aminag lu ta r imic  ac id .  g l u t a m i c  acid 5 -amide )  and  a spa rag ine  
((, -aminoruccinamic acid, altheine, arparamide. agedoite) the amides of glutamic 
and aspartic acids, and smaller amounts of oxarnic acid, the amide of oxalic acid 
(see Figures 2-24 and 2-25). The amide-nitrogen in beets is about 0.02%. and is in- 
creased by a lack of water during the beet-yrowing period (33) and by high-nitrogen 
fert i l iz~s.  Oxamic acid has been present in beets at about 0.004%. Amides are effec- 
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lively neutral, as the NH2 group loses much of its basic nature when located adja- 
cent to the carhoxyl group. Nevertheless. salts can he formed with strong acids. The 
amides are water soluble, and are not precipitated with lime. They are also not 
precipitated by basic lead acetate. and since they are optically active: glutamine 
[a];;= + 6 . 1  O; asparagine - 5 . 4 2 "  and the activity can change or reverse 
with the pH,  they constitute additional sources of error in the determination of 
sucrme by polarization. 

C H2-C 0- NH2 
I 

H2N-CH-COOH 

COOH 

~ 0 " ~  oxamic  ac id .  
Figure 2-25. Structures of asparagine and  I 

Under factory processing conditions, they decompose under liming and 
especially at high tempertures to form soluble lime salts and evolve ammonia. 

2 R C O N H ?  + Ca++ + 2 0 H -  = 2R COO- + Ca" + 2 NH, ( 5 )  
In a vigorous defecation, this reaction can be essentially completed. but in 

most factories the reactions continue through the balance of the process, including 
pan boiling, with steady evolution of ammonia and lowering pH YBIUCS, which may 
result in sucrose inversion and corrosion. "However, the loss of alkalinity may 
prove advantageous, by protecting evaporators from calcium carbonate scale forma. 
tion (28). and in facilitating lhe boiling and crystallizing of low purity materials.'' 
The hydrolysis of oxainic acid yields, of course, scale-forming oxalic acid. 
Ammonium Salts and N i t r a t e  

There are only very small contributions of ammonium salts from sugarheets. 
However, ammonia is very important in the process, being farmed, a s  described, in 
large quantities from the hydrolysis of amides and the decomposition of glutamine, 
and it is "chiefly responsible for the loss of alkalinity in the factory. The NH,+ ion 
is an acid ("I*= NHs + H + ,  pK = 9.5) and therefore ammonium salts may invert 
even a!ka!ine, YEW. sucrose scl-tians, 2nd CZUSP ccrrcsion 3f er.apc;ato:s (2?)." 

Nitrates are normally present in very smdll quantities in beet materials. Their 
chief importance is in their reduction by certain thermophilic bacteria to nitrites, 
and the reaction of these nitrites with bisulfites following the sulfitation of thin 
juices. to form the dipotassium salt of imidodisulfonic acid, HN(SO3K)Z. which can 
precipitate with and raise the ash of the product sugar (l8,72).  However, under cer- 
tain conditions, significant concentrations of nitrates can he found in molasses. 

Proteins 

Proteins are made of amino acid units joined together by the peptide linkage 
(-CO-NH-), and this is sometimes called the Biuretgroup, since it gives a violet 
color in the Biuret test, when treated with NaOH and CuSOl (Figure 2-26). 
Only a small portion of the proteinaceous material is extracted. either in solution or 
suspension, into the diffusion juice. T h e  relative amounts of the different amino 

I HZN-CH-COOH + HtN-CH-COOH + H*N-CH-COOH - H N CH-CC-NH-CH-CO-NH-CH-COOH + 2HzO 
I I 
R* R3 

I I I - 1  
8, R2 RS R, 

Figure 246. Linksgr of amino acids IO form pmiainr 



acids in the beet structure are not the same as found in the cell sap or in the diffu- 
sion juices. 

Ihe colloidal solutions formed by proteins are, in the native state, rather 
stable. Their dcnaturization; that is, the 105s of their regular three-dimensional 
structure, may be caused by extreme conditions of heat, pH. and mechanical treat- 
ment. Solutions of such proteins are relatively unstable. and can precipitate." 

"Proteins arc polyelectmlytes, having a large number of acidic and hasic 
groups of very different pK. l'heir state of ionization depends on the pH of the s d u -  
tion. They have, like amino acids, a certain region of pH where the total of their 
positive and negative charges is zero, and in this isoelectric state they precipitate, if 
previously denatured." There are more acidic amino acids in the protein structures 
than there arc basic. Thus, beet protein must be regarded as acidic, and consequent. 
ly "for sugar juice proteins. this isoelectric region is in the neighborhood of pH 3.2 
(93). At higher pH the ionization of their basic groups is diminished (-NH,+ = 
-NH? + H*), and they are predominantly negatively charged and able to form 
salts, or proteinates with metallic cations. Polyvalent cations. even bivalent ones, 
especially of high molecular weight, are then able to precipitate proteins. Apparent- 
ly they form undissociated salts, thus diminishing the number of charged. 
hydrophilic groups. which help the proteins to stay in solution. If, however, by fur- 
ther decreasing the pH. the new, weakly acidic groups become lonized and therefore 
impart new electrical charges to the protein molecule, either precipitation will not 
occur at all, or precipitates already formed will be repeptized and dissolve. 

"The colloidal micelles of proteins of high molecular weight behave as ion ex- 
changers. They are easily attacked on heating, and under extreme conditions of p H  
lead to products more highly peptized, and therefore in more stable solution. Even 
tually, they cannot be precipitated at  all (Figure 2-27). 

"It has been shown (31,32) that two different methods for the determination 
of protein nitrogen have given results which are in agreement in the analysis of 
diffusion juice samples, but are increasingly different when the samples are taken 
through the various stages of processing, up to the molasses, at  which point the dif- 
ference is the greatest. Splitting the polypeptide chain, through acidic, basic, or en- 
zymatic action, liberates new acidic and basic groups. with the formation of ".I," 
and these groups proceed through to the molasses. 

"Proteins of the difTusion juice, which have been precipitated by lime. aug- 
ment the amount of colloidal, slimy precipitate, which settles very slowly, and is 
rather diflicult to filter. Proteins are able to depress the activity of the calcium ion, 
and to bind carbonic acid in the form of carbamates, thus increasing the apparent 

,,. 
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solubility product of calcium carbonate and other sparingly soluble lime salts (22), 
and even facilitating the formation of supersaturated, but relatively stable solutions 
of these salts." 

It has been shown (94), that as beets deteriorate, the amount of protein that 
can be precipitated by lime decreases: Le.. protein destruction occurs in such beets 
before processing. 

"Proteins are strongly surface active, give rise to foams, and may alfect the 
velocity of crystallization of sucrose by adsorption on the crystal faces. On the other 
hand, they may assist in the agglomeration of calcium carbonate particles in the car- 
bonation sludges, and by means ofion exchange (29) even take part in the formation 
of natural alkalinity, and thus in the deliming of second corbonation juices." 

Nitrogenous Bases, Purines, a n d  Pyrimidines 
Nitrogenous Bases 

The nitrogenous bases all contain the trimethylammonium group, -N(CH,)s, 
which gives them their basic characteristics. "They act as buffers and may simulate 
natural alkalinity in second carbonation, depressing the ionization of carbonic acid, 
and hence enhancing the deliming of juices. Again. they are able to bind carbonic 
acid as carbamates. When volatile, like trimethylamine, N(CHn)i, they may cause 
loss of alkalinity (26). They are probably melassigenic." The three most prominent 
nitrogenous bases are betaine, choline, and allantoin. 

Betaine, which is the largest component of the "harmful" nitrogen, is present 
in beets as about 0.1%. The metabolic function of betaine in the plant is unknown 
(98) (Figure 2-28). It is noteworthy that betaine is present in much larger amounts in 
the members of the beet family, the chenopodiacae. than in any other plants. There 
is also more betaine in beets low in sugar (85). I t  is remarkable in its resistance to 
destruction under extreme chemical conditions, and it passes unchanged through 
the process as a melassigenic agent. While betaine is assimilated in the digestive 
tracts oi ruminants, it is mostly excreted, unaltered. Unfortunately betaine has 
defied all elforts to find any large-scale economic use. I t  exists as an internal quater- 
nary ammonium salt. 

Choline, a quaternary ammonium ion related tu betaine. exists in the beet only 
as part of the cell-wall material. lecithin, mentioned under "lipids." However, 
lecithin decomposes somewhat in diffusion and extensively in defecation to free 
choline, and fatty acids. Choline itself decomposes to a small degree in defecation to 
give trimethylamine and CHzOH-CHzOH. but the greater part goes through to the 
molasses. The conversion of allantoin to allantoic acid (Figure 2-29) occurring both 
during b e t  juice purification and in the evaporation of clarified juices. was first 
described in I960 (1  6). Comparison of analytical data obtained on molasses produc- 
ed over dilferent campaigns seems to agree with the view (15) that the allantoin con- 
tent of beets may increase during periods of prolonged drought. 

Again, allantoin can be derived from urea (Figure 2-30), and this is important 
since on liming, this reaction is reversed and some urea and glyoxylic acid are  pro^ 

! 
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NH-NH-NH-CO-NHL NH-Ctl-NH-CO-NHz YHz 
5 co 

I 
"2 

I I  Lo Lo co coon 
'N' I 

H N Y 
aLLANTOIN m L A N m l C  dC,D M E A  

Figure 2-29. Conrcnion of allantoin to sllmtoic acid and LO U.U. in COYM of factory pmcging 
(CamthCI, e* 01) (IQ 

duced. The glyoxylic acid in itself proceeds through internal oxidation-reduction to 
form oxalic and glycolic acids, while the urea is degraded to GO2 and NHs. Again, 
most of the allantoin goes to the molasses unchanged. Allantoin is found in 
sugarheets in the amount of about 0.015%. 

NH-CH-NH 
I \ 
I 

O=C-ti  "2 
I I 

I I 
N H z  

7" + 2H20 
co NH2 + I + co = co 1 

NH2-CO-NH COOH "2 
UREA mroxnic xio U R E ~  *lLL ANTOIN WATER 

Figum 2-80. Formation of allantoin fmm urea and glporylir arid. 

P u r i n a  
The purine bases are components ofnucleic acids and complex proteins of the 

cell nuclei. They are present in very small amounts, together about 1.2% of the 
nitrogenous compounds. They arc all sparingly soluble, and weakly alkaline in 
solution. The amino purines found are adenine, guanine, xanthine, and hypoxan- 
thine. 
Pyrimidines 

Grouped with the pyrimidines, uracil, and cytosine, are the riiwsides, 
guanosine, uridine. and cytidine (the D.rihosides of guanine, uracil, and cytosine), 
and the desoxyriboside thymidine. All are vital constituents of plant tissue. 

As far as is known. none of the above are removed in juice purificatim, and 
pass through to the molasses. 

Stark and ca-workers (91) first isolated several of these large compounds, and 
Table 2-9 is a summary of almost all findings in the literature, including those of 
Janacek (53) and Vavruch (95). 

Tablp 2.0. Purin- P,rirnidinq mnd N u r h i d a  in k t  Mmflriah (my) 

European Bceu CaliforniP Reels 

(Vavruch) (Stark, e1 01)  
Compound (Jmacek) Prared Juice P r a s d  Jum DfOhJJCS 

Adenine 28 I 40 
CLlanine 80 3 25 
Hypoxanlhinc 52 4 35 
Xantlline 50 5 ? 
7-Meth~lxunlhille 28 6 ? 

Cyt0Si"e 5 
Guanosine 2 ? 

Thymidine 20 
C~ridine 10 

Uracil probably 60 

Uridine I35 

450 
300 
30 

21 

630 
45 
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Analytical data differing somewhat from the findings of Stark, el 01.. for the 
distribution of purines, pyrimidines, and nucleosides have also been reported (15). 

Table 2-10 lists important chemical and physical data of the nitrogenous 
bases, purines, and pyrimidines. 

Coloring Materials 
The colored substances which develop during the manufacturing process are 

of three general typer: melanins, a general term for blackish pigmments formed in 
vegetable tissues; melanoidins, or the products of the Maillard reaction. especially 
prominent in evaporator juices; and caramels. 

Melanins 
The reactions producing dark colors in the diffusion juice are very complex 

(44). Primarily enzymatic oxidation of tyrosine by the enzyme. tyrosinase, may be 
responsible for the major portion of the color. The first stage ofthe oxidation i s  raid 
to be the introduction of an O H  into the No. 4 position ofthe ring structure to form 
"Dopa" 3.4-dihydroxyphenylalanine. Further oxidation leads to 0-quinoid in- 
termediates. and finally to indole structures (Figure 2-3 I). 

It is worthy of note that these colored compounds are not dissolved, hut are 
present in suspension, and may be filtered from the clear ellowish juice. The en- 
zyme acts best at p H  values hctween 6 and 8, and it is inactivated when heated. The 
coloring matter is mostly formed in the interval between the slicing of the beet and 
the heating of the juice in the diffuser. All of this coloring matter is removed in juice 
purification. The color formation can be repressed by the presence of sulfur dioxide. 

v y  

Melanoidins 
This is a general term for coloring matter formed by the Maillard =action, 

between reducing sugars and amino compounds. This type of reaction proceeds 
throughout the sugar end of the factory, in the evaporators and in the crystallizing 
procedures. T h e  reanions have been extensively studied and are, again, most com 
pler ( I  4). Excellent reviews of this subject were given by Danehy and Pigman (2 I) ,  
and Hodge (46). The browning reaction can he effectively inhibited by the presence 
of a small concentration of sulfur dioxide. 

Caramels 
These coloring materials are farmed from the destructive heating of sucrose 

solutions, and in a properly conducted factory they do not occur to an appreciable 
extent. The chemical nature of the coloring substances formed is largely unknown. 
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INORGANIC COMPOUNDS 
The disposition of the mineral matter in beets is unknown, but surely most of 

Table 2-1 1 lists ash analyses from Silin (78). 
it is combined with organic compounds. 

Table 2.11 Ash Analysis or Sugar BCIIS (Russian). 

Substance % of beet % of total ash 

K:O 0.25 42 
N.3,O 0.25 8 
C a 0  0.08 I 3  
hlgO 0.08 13 

0.09 15 
0.02 S 

P‘O. 

0.01 2 
so, 
AI,Ov Fc,O. 
SiO, 0.01 2 
C1 0.01 2 

(Note: the metals arc not present in the bceir as oxides. They were mnvcrtcd t o  
this farm in the analysis). 

Various spectrographic analyses of beet brei ash have shown traces of barium, 
lead, boron, iron, cobalt. capper, magnesium, molybdenum, nickel, ruthenium, 
silver, selenium, silicon, strontium, thallium. and zinc. T h e  physiological 
significance of many of these elements has not been established. 

Boron is known tu have connection with certain disease conditions, and 
magnesium deficiency has been associated with a yellowing ofthe beet leaves. The 
ash content of beet.factory process juices is, relative to cane processing, very small, 
and in general there is not nearly the concern over ash, other than residues of the 
lime reagent added in processing. 

Sodium and potassium cations represent two of the n n n w ~ ~ s . ~  cornpaoe-:p. 
present in apprcciablr quantity, which are not removable in normal processing and 
lead to increased molasses prcduction and reduced sucrose extraction. Most for. 
mulas which predict sucrose extraction are based on the ash component, and 
perhaps the amino nitrogen and invert contents. It is common practice in Europe 
and more recently in at least one US. beet-growing area to determine these im. 
purities in the tare labaratory. The grower’s payment is then based on the 
calculated extractable sucrose. 
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Chapter 111 

THE TARE LABORATORY 

Payment for Bets* 
In North America sugarbeets are grown by farmers and sold to the processors. 

Payment is made by three general methods, differing extensively in details. 1) In 
most ofthe United States, the grower is essentially paid for the sugar in the beets he 
delivers. 2) At the time of writing, growers in areas including parts of Northern 
Utah, Central and Eastern Idaho, the Red River Valley in Minnesota, and a small 
part of Ohio arc paid on the net weight of beets they deliver, which are assigned the 
average sugar content of the cossettes sliced. 3) In Canada the grower shares in the 
sugar manufacturers' profits, in proportion to the net weight of clean beets he 
delivers, without consideration of the sugar content of the beets. 

The net rurighf of beets delivered by the grower must be determined for the 
application of all three methods. By this is meant the weight ofbeets, free ofdirt and 
trash, with the crowns trimmed in a specified manner. The crown-trimming require- 
ment arises from the much lower sugar content of the crowns. 

Net Weight 
Beets are delivered by the grower to a company receiving station, which may 

be at a facto7, or at some distance. In either case, after receipt, the beets may then 
be piled far long-term storage. When the receiving station is not at the factory, even- 
tually the beets are reloaded into railcars, transport trucks, or. in one case, barges, 
for conveying to the factory. 

At the receiving station the grower's loaded truck is weighed, and the beets are 
discharged into a hopper. The empty truck is then positioned under the elevated 
screens over which the beets are passed, and receives the dirt and trash separated. 
The w c k  is then weighed a second time with the dirt and trash, and the difference 
between the two weights is the first net weight. In Some areas the screened dirt and 
trash are not returned to the grower's truck. but are separately weighed by a 
weighing hopper or belt. In such cases thcJirsl net weight is obtained by subtracting 
the weight of the separated lore rnaferial from the gross difference in the weights of 
the loaded and empty truck. 

Sampling the Beeta 
The aim of sampling is to ensure that each sample taken should accurately 

represent the load in tare material and sugar content. This can only be approx- 
imated, since beets from the same field and even from the same row vary greatly in 
physical characteristics and sugar percentage, as shown by the data in Tables 3-1 
and 3-2. 

The probability that a single sample of beets weighing perhaps 30 Ihs will 
accurately represent a load of from 7 to 20 tons of beets is very small. The most that 
can be expected is that the average of a large number of loads will yield statistically 
satisfactory results. 

*by R. E. Hallbeck 
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Table SI Varistioo io Silc and Sugar Content of 50 k u  Gmring Conrcutirrly 
in a Row. U. S 53. Wmdhnd.  Cslifornia. 1949 

S = percent sugar \V = d c i n  weight of b m .  prams 

Localion I Locatio" 2 

S \V S W S w S W 

11.8 401 13.5 745 10.1 232 9.0 574 
13.1 284 11.9 711 12.4 997 14.0 639 
9.2 1052 16.7 705 10.8 263 13.2 7315 
8.7 142 9.6 590 11.3 452 15.0 313 
12.9 724 15.1 639 6.3 388 13.8 417 
13.7 854 14.6 257 15.7 1218 15.1 709 
9.6 I29 10.4 688 14.3 472 14.9 360 
13.7 1816 13.4 I58 15.0 140 12.6 1043 
8.5 rn8 14.6 724 12.5 520 14.1 444 

16.7 850 10.5 356 11.8 718 11.4 461 ~~ ~~ ~~ ~ ~~ ~~~~ ~~~ 

14.1 662 8.6 417 11.6 1427 9.4 465 
11.9 369 15.2 537 12.2 296 12.4 823 

7.4 151 14.5 307 13.4 862 9.5 626 
10.0 671 12.1 717 14.7 346 12.9 1047 
4.4 331 14.9 543 14.2 1392 15.4 896 

16.7 377 11.1 "9' 7.5 860 15.0 757 

IS 2 1376 15.0 745 14.0 272 10.6 501 
13.8 381 12.1 212 15.1 872 6.5 175 
9.1 492 12.6 655 6.5 1283 11.0 I 65 
11.9 276 13.0 382 8.7 666 11.9 1160 
12.8 694 14.1 624 11.0 1587 11.8 270 .. . ~~ ~ ~~~~ 

15.3 837 14.4 449 13.0 650 12.6 1420 
12.6 169 16.1 320 9.2 430 9.5 326 
16.1 I438 13.3 194 7.0 253 12.2 1382 
17.2 746 15.0 660 13.2 700 8.2 576 

Table 9.2 Variation in the Avcrsgc Sugar Content of 48 B m  Ssmpla S l . r t d  fmm 
I Large the Ssmc h a d .  Each Snmplr Contained 7 k u  and were Slstd u c h  to Contain 

k r .  4 M d i u m  k u  and P Small k u  
S r pcrcenl suxal- I\' = weiehf of clean beets. Ibn. 

S \V S \V S \\' S W 

15.3 29.0 15.3 22.1 14.8 90.6 15.6 23.7 
14.4 26.9 16.1 21.8 15.7 29.5 15.4 23.4 
17.3 25.0 15.7 21.7 14.7 25.5 16.0 22.5 
15.3 24.7 12.8 21.5 14.2 25.3 14.3 21.6 
14.1 24.6 16.0 21.5 14.5 21.1 16.0 71 R .... ~~~ 

15.7 23.9 13.0 21.1 15.1 24.6 16.4 21.5 
15.6 24.0 16.2 20.0 13.7 24.2 14.8 21.1 
15.5 24.4 15.2 20.0 13.5 24.2 15.2 21.3 
15.3 23.2 15.2 19.7 12.1 23.9 15.8 21.0 
15.2 23.5 14.7 19.7 14 5 24.3 14.5 20.6 
15.2 22.8 15.4 19.3 15.5 23.3 I&'i 2" 7 ~~ ~~ 

15.8 22.5 17.1 18.3 12.4 23.3 15.0 20.4 

Good Sampling Practice 
1) All errors, particularly biased ones. should be eliminated as far as possible. 

Random errors, which are hard to remove, are of secondary importance since they 
will average out in a large number of samples. 

2) As much dirt and trash (weeds and beet leaves) as possible should be 
removed and accounted for before the sample is taken. This requires good field- 
topping and cleaning, as well as elficient removal of tare material at the b e t  receiv- 
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ing station. If the amount of dirt and trash remaining in the beets is small. a rela- 
tively large sampling error will have a correspondingly smaller effect. 

3) The sampling equipment should be physically located so that a represen- 
tative sample of beets and tare material can be taken. 

4) The timing of the sampling during the discharge of the beets should be 
specified. Preferably it should be carried out at the half-way point. If the load to be 
sampled is a two-part unit. such as a truck and trailer, and only one sample is to be 
taken, sampling should alternate from the front to the rear portion, from load to 
load. 

5 )  The samples should he as large as is economically and physically prac- 
ticable. and should be uniformly sized. 

6) As many loads as possible should be sampled. 
7) The specified sampling procedure should be rigorously followed, with suf- 

ficient supervision and inspection to ensure it. 

SPmplerS 
The usual sampler consists of a pan set in a cradle, mounted on an arm so that 

it can be passed through a stream of falling beets. The pan must pass quickly 
through the beet swam. remaining just long enough to be filled. and not long 
enough to be overfilled. In the case of overfill, dirt from the beets which bounce ON 
will remain in the pan, and give a falsely high tare content. 

Since be ts  tend to bounce ON the apron at the end of the dirt-removing 
screens. and the dense dirt tends to flow down close to the apron. under the beets, it 
is important that the sampling pan pass through the whole st ream.  If this is not the 
case, the amount of dirt in the sample will be too low. Once caught in the pan, no 
beet should be discarded, since this tends to increase the ratio of dirt to beets. 

A newer type of sampler uses a pan which is first passed inverted through the 
beet stream. It is then restored to its upright position and returned through the beet 
stream, collecting the sample. By inverting the filled pan over a funnel, the sample is 
discharged into a sample bag. 

In areas where individual sugar testing is not done. the beet samples are 
weighed at the receiving station. The loose dirt and trash are first removed, fallowed 
by removal of the dirt adhering to the beets by brushing or scraping, and finally the 
beets arc decrowned in accordance with the specifications of that particular area. 
The cleaned tared sample is again weighed and the correction applied to the gross 
weight, or to the first net weight, to give the second ne1 weight of the load. This is 
the weight of bcelr purchased used in calculating the grower's payment. 

Analysis of Sugar Content' 
I t  is outside the scope of this book to detail methods of analysis. Nevertheless. 

the procedure of estimating sucrose content of 15 to 80 Ib beet samples, in numbers 
up to 6000 samples a day in a single tare laboratory, represents a unique analytical 
procedure. which is believed to be without parallel in other industries. The Sachs-le 
Docte procedure (5) is universally used for this purpose. although the Pellet analysis 
is sometimes made for check purposes. Since the taring procedures are also done in 
sugar-determining laboratories, they are included in the following discussion. 

'by R. A. McCinnis 
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Preparatory Steps a n d  Sacha-le Docte Procedure 
1. Sample preparation. 1.1. Determination of sample gross weight. 

1.2. Removal of loose dirt and trash. 1.3. Trimming leaves and crowns. 1.4. Beet 
cleaning. Alternatives: 1.4.1. Brushing or scraping the beets. 1.4.2.1. Washing the 
beets. 1.4.2.2. Drying the washed beets. 1.5. Weighing the cleaned beet sample. 
1.6.1. Securing the beet brei. 1.6.2. Mixing the brei. 1.6.3. Sampling the brei. 

2. The Sachs-le Docte analysis. 2.1. Weigh out a normal weight or 26 g of 
brei into a cup, and add a volume of lead solution, sufficient to give a total liquid- 
phase volume. which includes the liquid in the brei and that added, of 200 ml. The 
volume of solution to be added varies with the volume of the beet marc, and is set 
by agreement in different areas at values between 177 and 179.1 ml. At  least the 
following alternatives are used: 2.1.1. T o  the weighed sample of brei, add the indi- 
cated volume of water plus a measure of dry lead acetate powder; 2.1.2. Put approx- 
imately 26 g of brei on the pan of a proportional balance, and mix with the correctly 
proportioned quantity of lead solution delivered by the balance; or 2.1.3. Put a 
quantity of brei on the pan of a proportional balance, add a proportional volume of 
water disbursed by the balance. mix. and finally add a constant volume of lead solu- 
tion shortly before completion of mixing. The sum of the volumes of water metered 
out by the balance, and of the lead solution, is the correctly proportioned liquid 
volume for the weight of brei. 

2.2. Digestion. Alternatives: 2.2.1. Cold digestion (6). At room temperature 
the mix is blended or macerated with a high-speed rotor for from one to several 
minutes (9.1 1). 

2.2.2. Hot digestion (7). The mix is held at 80°C: in closed metal capsules for 
about 30 minutes, and then is cooled for a similar length of time to 20°C or st an^ 
dard temperature. 

2.3. Filtration. 2.3.1. The mix is poured into a filter paper or porous filter 
capsule. and filtered. Options: 2.3.1.1. A filter aid may be added before filtration. 
2.3.1.2. T ~ P  first fcw rn! of f.!trste. if turbid, -27 be returned to &e fiker. 

2.4. Polarization. 2.4.1. The clear filtrate is polarized in a sacharimeter. 
2.4.2. The percent sugar is read and recorded. Options: 2.4.2.1. The filtrate may 
be stirred before polarization. 2.4.2.2. A few drops of glacial acetic acid may be 
stirred into the filtrate. 

3. Calculations. 3. I .  Using the primary data of the gross weight of the beets 
in the load, and the first net weight, the gross weight of the sample and its clean 
weight, the second net weigh1 of the load is calculated (usually not in the tare 
laboratory), and multiplied by the percent sugar in the clean beet sample to give the 
amount of sugar in the clean load of beets. 3.2. The calculated data are recorded 
with the load and contract number, or with other means of designating the grower 
and delivery load concerned. 
Alternative Aluminum Clarification Procedure* 

T o  eliminate the risks associated with handling and disposing of toxic lead 
compounds, many tare laboratories now substitute aluminum salts for lead salts as 
extract clarificants. Analytical results are identical (1 I). Aluminum docs not adc- 
quately clarify factory juices or other highly-colored extracts; for these lead or other 
special-purpose clarificants still are used. 

4. Sample preparation is unchanged from section I .  above. 

'By S.S. Martin 
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pathlength automatic polarimeter is particularly suitable. although longer 
pathlengths and manual instruments may be used. 

T a r e  Laboratory Equipment 
Sample %ah. Steps 1 . 1  and 1.5 require sensitive scales, which both 

indicate and record the weights of the sample on a ticket or cape. 
Beet Toppers. In many laboratories the top trimming is done by hand with 

knives. Other laboratories use motor-driven toppers. which top the beets with either 
a fiat or a conically-shaped cut. 

Beet Washers. In many laboratories the dirt is removed from the beets by 
band, by brushing or scraping. In others the beets are washed in mechanical 
washers. The Great Western batch washer (Figure 3-1) is widely used. This unit 
wash- and discharges one sample at a h e .  Automated and some nonautomated 
laboratories use continuous washers, which wash a number of samples at a time, 
keeping them separate The Ogden and the Carvcr.Ogden (see Figure 3-2) are ex- 
amples of this type. 

I 

Figure 3.1. “he Great Weatstan 
Beet Warher. 

OUT 

Beet Driers. Washed beets are normally dried in tunnel driers. through which 
the washed samples pass continuously in open-mesh baskets. Drying is done with 
very large volumes of gas-heated air. If the beets are over-dried, the weights will be 
low, and the determined sugar content correspondingly high. If the beets are not 
dried sufficiently, the reverse occurs. In proper drying, the beets emerging from the 
drier will bc dry to tbe touch, but cool. 

Obtaining the Brei. The beet brei. or “sawdust,” is made through the use 
of rasps or saws. Very finely divided brei is made by the Keil-Dolle (3) or Ninegar 
rasps (4). The use of multiple circular gang saws permits mom rapid throughput, as 
with the Bensel ( I ) ,  the.Spreckels (12) or the Wcibull saw. 
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Mixing the Brei. Step 1.6.1 must be propcdy carried out, as otherwise the 
precision and accuracy of analysis am seriously damaged. Failure to adequately mix 
the brei is probably the one most important cause of low precision in modem tare 
laboratories, when ei tha the rasp or saws are used. 

Taking the Brei Sample. In most laboratories this is done by hand, by 
weighing out a 26 g portion on a balance. There is at least one mechanical device 
which takes approximately the correct weight of brei by suction with a piston 
device. 

Adding the Lead Solution. The lead clarifying solution is generally made 
up using three parts of lead subacetate to one part of yellow litharge of lead. The 
solution concentration is measured with a Brix spindle, and is frequently used at 
about 6'Brix. This solution will hereafter be referred to as the "lead solution." In 
many laboratories the addition is done by adding to exactly 26 g of pulp. the 
specified volume of solution with an automatic pipctte. Proportioning balances have 
come into considerable use during the last decade (Figure 3-3). 

Typical of thcsc balances is the Rcyers balance. The operator places 26 g + 2 
g onto tbc left-hand pan, and the balance automatically dispenses the correct 
volume (through its weight) of the lead solution into the beaker on the right-hand 
pan. For accurate results, the lead solution must be kept exactly at the right concen- 
tration and temperature, and the head in the gravity tank feeding the balance must 
be kept constant. The precision and accuracy of the Reyers balance is ample for its 
purpose. Another good proportional balance is manufactured by Nils Weibull AB. 

Digation. In the hot procedure. the digestion is carried out by standing the 
metal capsulcv containing the samples in hot baths, and similarly in coding. In the 
cold analysis it is customary to mix the brei-lead solution mixture with high speed 
blenders or mixers for a short period. In automated laboratories, this is readily 
automated by the use of traveling belts or turntables equipped with mixers. 

Filtration. This normally manual procedure is likewise readily automated. 
Polarization. The manually opcrated and balanced saccharimeter is most 

widely used, and is always used for ultimate reference for accuracy, if not for preci- 
sion. 

The Koontz Printing Polariscope (IO) is in use in almost all Great Western 

l'igUrc 3.4. The Kmnfi printing p o l d r o p .  I)  dot for t i c h t .  2) plunger. S) alcnoid. 4) housing 
(c.,u,ruy, Tlu Gnnl WUmn S"gn' cornpony) 
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I1 

1 2 3  

factories. This device saves the time used in reading the vernier, which is con- 
siderable (Figure 3-4). 

The first fully automatic balancing and printing unit was the Spreckels-Bern- 
hard1 (2,2a), which has hcrn in m e  in all Sprcrkels Siigar Company fare Inhnra. 
toric8 since 1947 (Figure 3-6), as well as in the Holly laboratories at Hereford, 
Texas, and Worland, Wyoming. 

DFS System 
In the state of Michigan, an entirely different method of determining sugar in 

beet samples is used, the DFS ryrtem (Dexter, Frakes, Snyder). This is used for the 
factories of the Michigan and Monitor Sugar Companies. The principles and details 
are complex, and reference is made to the publication (8). 

In brief, beet samples to be analyzed for sugar are not weighed, hut only 
brushed free of adhering dirt. Care is taken not to remove any leaf tissue adhering to 
the crown. The whole sample, complete with crown, as delivered, is passed through 
the brei saws. The brei is squeezed in a cloth, obtaining 44 ml of juice, which is 
placed in a tightly covered plastic container, and immediately frozen. 

Each day's samples are delivered the next morning, frozen, to the central 
sugar-testing laboratory. and placed in frozen storage. One truck delivers the 
samples from seven tare laboratories. 

Samples from the freezer are thawed in a water bath to 20°C. Dry lead 
subacetate is introduced, vigorously stirred in, and the solution filtered. The filtrate 
is polarized in a Bendix unit, and the percent sugar is printed on the sample ticket, 
which was originally placed an  the sample in the tare laboratory. Details ofthe c o m  
putation for use as basis for the grower's payment are in the reference. During the 
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most recent campaign, 72 400 samples were analyzed in five weeks by five workers, 
working 46 hours a week. 

Automated T a r e  Laboratories 
There are four types of automated tare laboratories in use in the United 

States: the Weibull. Kenway. Modified Toledo, and Venema. The first two will be 
described briefly and the third in some detail. 
Weibull Analytical Laboratory 

Two tare laboratories, at the Garland, Utah, and Moses Lake, Washington, 
formerly used factories of the Utah-Idaho Sugar Company. use sugar-testing equip- 
ment furnished by the firm of Nils Weibull AB, Malm8, Sweden. 

As with all of the tare laboratories described in this section, the tare samples in 
bags are run from the receiving dock on overhead carriers, like meat carcasses, with 
the tops of the sample bags down, The suspended bags of beets are weighed, the 
beets are dropped from the bag into a hopper, and the empty bag is again weighed. 
The empty weight is automatically subtracted from the full weight. 

The sample is run into a Carver-Ogden beet washer and drier, after which the 
beets are top-tared. The sample is then passed through saws, which pass through 
slots in the beet-containing basket, to produce the brei. The beet slabs are conveyed 
to the factory. The brei is caught on a belt, and mixed an the belt by a rubber-vaned 
wheel. The mixed brei drops into a mixing bowl set on scales, so that the flow of 
brei stops at about 80 g. Water is automatically added here, at the ratio of three 
parts water to one part of brei. less IO g. The bowl is placed manually on a tum- 
table unit, equipped with eight separate disintegrators. with rotors turning at 13,000 
rpm. After the blending, the bowl is removed and 10 ml of concentrated lead solu- 
tion is added. The mixing bowls are automatically washed and dried at this table. 
The bowl is then taken by the operator to the filtration apparatus, where filtration is 
done by suction. through porous disposable capsules. The filtrates are then 
automatically run through a Bendix polarimeter, and the readout is automatically 
printed ior &e accounting system by an adding machine. 

The accounting system uses automaticallyoperated adding machines located 
at the gross and net weight scales, and at the polarimeters. Figure 3-7 shows a por- 
tion of the equipment formerly at the Moses Lake laboratory. 
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Kenway Automated Laboratory 
Laboratories designed and constructed by Kenway Engineering, Inc., are 

located at the Chaska', Minnesota, plant of American Crystal Sugar Company, and 
at the Goodland, Kansas, factory of The Great Western Sugar Company (Figure 
3-8). Individual installations are made to fit regional requirements. 

Kenway laboratories include as equipment: 1) Overhead conveyors to move 
the samples in bags to the tare room. 2 )  Automatic printing and dumping gross and 
net weight scales. 3) CarvePOgden beet washers and driers, 4) When beets are 
trimmed, conveyors of tandem pairs of pans, are moved past operator-topping sta- 
tions. At the Chaska laboratory, the conveyor has k e n  changed to the single-pan 
wide, one row type. 5) Beet saws yielding very fine brei. 6) Automatic brei- 
collection belt. 7) Brei mixers in disposable cups. 8) Reyers proportioning 
balances. 9) Rotary digestion blenders operating at 13 000 rpm, adjustable time 
controls, and automatic washing and drying of the blending cups. IO) Automatic 
pouring of the blended mixtures into filter cups which have had prior automatic 
addition of filter aid. 11) Bendix automatic polarimeters, with automitic recording 
of the sugar percentage on the sample iicket which has been automatically conveyed 
in sequence from the taring end by way of a ticket conveyor. 

In present installations, the following automatic operations are used: I )  Grass 
weighing, recording, and dumping into a washer feed conveyor. 2 )  Sequencing of 
sample cards for net weight printing and conveying to the polarimeter station for 
automatic sugar percent imprint. 3) Sample sequencing through the whole system, 
by compartmentable equipment and a sequencing limit switch logic control system 
that times each function at 15-second intervals. 4) Washing and drying. 
5) Transport past topping stations, if used. 6) Discharge of dirt and trash to waste 
flume. 7) Loading. weighing, and printing in net weight scales. 8 )  Conveying clean 
beets to the factory if sugar is not to be determined. 9) Introduction into the beet 
saws. 10) Collection of brei. 1 I )  Preliminary brei mixing. 12) Proportioning of 
lead solution to the sample of brei. 13) Blending for controlled time, dumping 

tion of filter aid to filter cup. 15) Percent sugar determination and recording on se- 
quenced sample card. 

The Kenway equipment is simple, and most of its various units are of proven 
soundness. 

Amalgamated Automated Laboratory' 
Amalgamated has two tare laboratories which determine tare and sugar con- 

tent of all beets delivered to the Company. The lab3rataries difler in design and to 
some extent in operating principles. One laboratory is located at the Nyssa. 
Oregonfactory. The second and newer laboratory is at the MiniCassia factory, 

The Nyssa laboratory, is described in detail in the 2nd Edition of Beet Sugar 
Technology on pages 87-90. The Mini-Cassia laboratory, constructed in I974 en- 
tirely different in design, is discussed in the following. 

I., -.enuLu . L A  --...-L a y . . ~ y ~ ~  --.- L a w  L f.kc1, ad wartiing and drying the biending cups. 14) Addi- 

Operating Objectives and Description 
The Mini-Cassia laboratory is composed of two lines -one for tare only, the 

other for sugar content. The Nyssa laboratory also is composed of two lines - both 
of which determine tare and sugar content. Since the sugar content, determined on a 

'No longer operating. 

'by J. R. Johnson 

~~~ ~ 
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tared sample, is significantly higher than the sugar content determined on a sample 
of clean ronts but with top tare still on, it is obvious that sugar content determined 
on beets with the top tare intact more nearly represents the sugar entering the fac- 
tory. 

A study of the tare laboratories in the United States and in some European 
laboratories indicated that no one design completely fit our requirements. Conse- 
quently, our engineers selected equipment from various suppliers. This equipment 
was interfaced with computers and electroniclmechanical automation 
concepts,resulting in a high-performance laboratory unit. 

Sample bags arc of a direrent color, one color for sugar and the other for tare. 
Sample desipatians alternate on loads delivered daily by each grower. The result is 
a daily average for tare and sugar for each grower, which in turn are weighted 
according to tons delivered during the harvest. Grower identification is noted on a 
special card which is inserted into a Monroe CR-2 card reader as the sample enters 
the sugar or tare line at the laboratory. 

* m e  LINE 

Fipm%S. Blackdi.gnm~ffl-inun.ndiugr.idaofthAm.~.-tdcdurrL.ba.to~,hbini. 
Cui. F n c t o ~ ,  Ruprrb Idmho. ( C o u r y  of The A-lgarnatd Sugar Co,) 

Beet scales are the load-cell type. Beet washers are Ogden Iron Works stan- 
dard tare laboratory type. 

The tare line conveyor is a Kenway Engineering type, and the sugar line con- 
veyors are of Toledo Scale Company design. The brei saw is a Spreckels &blade 
unit. Brei is conveyed from the saws on a rubber belt to the collector and transferred 
to the mixing cups. This equipment is of modified Toledo design. Approximately 
80.0 grams of brei is manually transferred to a Weibull cup on an automatic-zero- 
set Mettler balance. The cup is then placed in the water metering stand where water 
is added proportional to the weight of brei. The final dilution ratio is 177  ml water 
per 26.0 grams brei. The water added is set at 10.0 ml less the total requirement. 
This 10.0 ml volume is added as 55 Brix lead acetate on the Weibull digestion turn- 
table. 

After digestion the sample is manually poured into a U&I Incorporated, 
desipncd filter station. From here the filtratc is automatically sent to the Bendix 
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automatic polarimeter station where the sugar content is measured. The filtrate then 
flows to the Orion 701 nitrate ion equipment prior to being discharged to the waste 
solution system. 

Each step in either the tare or sugar line is interfaced with Texas Instrument 
960.8 computers and the Texas Instrument Silent 700 Electronic Data terminals. A 
back-up data system feeds information to a punch tape which records sample iden- 
tification, serial number, grass and light weight, sugar content and nitrate ion in 
each sample. The computer system records all information on Texas Instruments 
tape after the sample has passed the final step. As an example - critical data such as 
sample identification numbers from the card reader at the input end are stored in 
the computer. Additional information such as tare weights, percent tare. sugar COW 

tent etc., are stared in the computer as the information is generated. When the cycle 
is completed all critical information on the sample is transferred to tapes. Upon 
computer operator command a complete printoul can be obtained for a block 01 
samples. At the end of each day, all information on the beet delivery for that day is 
transmitted to the General Offce by data phone for Cmal disposition and contract 
grower notification. 

,..r ,I.. 
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Figure 2-10, Elrrrronic Flow diagram. tpic side of the A l m a t ~ m a ~ c d  tare laboratory, MiniCsmia 
factory. Rupert. Idaho. (Court- of The Arnslgrrnslrd Sugar Company) 

During laboratory operation a block of tare or sugar content information can 
be printed out according to serial number. This information is then compared to the 
sugar contents determined manually for laboratory control and calibration. Nor- 
mally trn samples are pulled each hour and compared with the information col- 
lected by the automatic system. If variations between the paired samples exceed set 
limits the automatic equipment is adjusted to bring the laboratory back under con- 
trol. 

Sugar-line memory lights are displayed at critical locations so that operators 
can readily keep track of the sample flow and location. Serial numbers automati- 
cally are assigned to samples as they enter the system. If there is an empty washer 
compartment; i.e., a skipped compartment, the memory light will not be actuated as 
the missing sample passes through the various process steps. The various electronic 
safeguards act to prevent sugar content or tares from being recorded on the wrong 
sample. If, for example, a sugar content is lost at some point in the line the operator 
pushes an error button at that point and this information negates any printout for 
that particular sample. 

The laboratory requires twenty-three to twentysix persons per shift. If beets 
are excessively muddy, additional help is required on the tare line in order to main- 
tain capacity. 
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Figurn 2-11. Electronic data Flow diagram, sugar side, of the Amalgamalrd tam laboratory, Mini. 
Cavia hctoty, Rupert. Idaho. (Gmrtc.y of the Amslgsmstd Sugar Company) 

Samples are introduced at a maximum rate of four per minute on either line. 
Nominal capacity is 5 000 tares and 5 000 sugars per twenty four hours. Sample 
flow rate is controlled by the first scale operator on either line. 

The Mini-Cassia laboratory has provcn itself to he capable of relatively 
trouble-free operation. A program of thorough maintenance is canied out each 
summer. In addition, the maintenance program allows for improvements or 
modifications when justified. 
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Chapter IV 

BEET STORAGE' 
This review of beet storage has been limited to a description of the current 

practice in North America. Although the literature an  the theory and practice of 
beet storage in Europe is extensive, their climatic and contractual conditions are 
somewhat different and, therefore. have not been included in this review. The 
reader is referred to Vajna (60) for a complete review of beet storage practices prior 
to 1962. Other more recent extensive reviews have been made by Schalit (52) and 
Burke (17).  

Harvest periods are short in most beet-growing areas of the U.S. and extended 
storage periods are necessary. In Canada and Northern United States, the content of 
sucrose in the growing beets increases until sub-freezing temperatures stop photo- 
synthesis. For maximum yield and quality, beets must be harvested before the tops 
are killed by frost. Therefore, a rapid harvest is essential to remove the beets before 
they are frozen in the ground. As a result of this short harvest period (3-4 weeks), 
beets must be stored for extensive periods prior to processing. The factories process 
beets which are stored for periods up to 180 days, with an average storage period of 
4 5  to 90 days, depending on location. Considerable sugar is lost during these ex. 
tended storage periods. 

Fox (30) estimated that 0.375 Ib of recoverable sugar is lost. per ton of beets 
per day during storage under favorable conditions, but that the loss would increase 
to 0.45 Ib sugar per ton per day or more under less favorable conditions. In com- 
mercial storage piles in the Rocky Mountain area. Akeson (4) reported average 
sugar and recoverable sugar losses of 0.326 and 0.435 Ib sugar per ton per day, 
respectively. whereas Oldemeyer (47) reported sugar losses of 0.3 I Ib sugar per ton 
per day in the intermountain area. A 0.4 Ih per ton per day loss on 18 million tons 
stored an average of 60 days would translate into a loss of 432 million pounds of 
sucrose worth 86.4 million dollars at 20 cents per pound. In California and Arizona 
there is no freezing weather, and sugarbeets can be successfully overwintered in the 
ground. Fall rains in Northern California can seriously hamper harvest, and to 
avoid temporary factory shutdowns, the factories sometimes resort to short-term pil- 
ing. The intense heat in the Imperial Valley of Southern California requires harvest 
before July I to avoid heat damage to the beets and piling of not more than 
20-hours duration is possible under shade. A small storage supply of beets is needed 
in the far-western factories, and in some factories in other areas during direct 
delivery, to smooth the flow to the factory during harvesting periods, which must, 
for maximum economy, operate as close to capacity as possible at all times. 

Long-Term Storage 
Piling Prac t ice  

Receiving Area. Beets are piled at receiving areas located at the factory site 
or at sites located some distance from the factory (Figure 4-1). In the latter case, the 
beets are transported to the factory in railcars or trucks when they are reclaimed lor 
processing. 

'Original by R.A. McGinnis and D.L. Sunderland. revised by Walter R. Akeson. 
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Figure 41. k t  recciring at  Crmkton, Minnmln fsctory. (Courtq, Amcrfcon Cfytol Swgm 
CO"+"Y.J 

Piling. The common receiving unit is the beet piler, a mobile unit including a 
receiving hopper. conveying equipment to elevate the beets to the dirt and trash 
separating screens. tare sampling apparatus, and a stacker boom which builds the 
pile of beets (Figure 4-2). The trash-separating screens are usually of the Reinks or 
grab-roll type (Figure 4-3). 

Modern pilers rapidly unload trucks, clean the beets over the screens, and 
stack the beets for storage. Most machines are portable, with the piling boom swing- 
ing about a 90-ft radius. The regular portable pilers stack the beets for storage in 
rectangular piles. with trapezoidal cross sections. and with a base width of approx- 
imately I20 ft and a top width of about 80 it. The pile height varies between 1 7  and 
23 ft, depending on the local fall climate and the type of piler. New "Super-pilers" 
may huild pilea with base and top widthr of 160 and 120 ft, respectively. The length 
c d  the pile depcnds on the area available and the volume of beets available. The 
typical pile may he I20 It wide at the hare, 20 ft hixh, and contains about 40 tons 
pt:r lincar lw t .  Stationary pilers which huild circular or rectanplar piles o i v ~ r i o u s  
d i w m ~ i r u n  are  u w l  ah a l irnitetl numhcr i,f factory sites. 
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The dimensions of beet piles are to some extent a compromise to give a 
surface-volume ratio which will minimize surface area and yet allow adequate 
dissipation of heat for pile cooling. Beets in storage give OB heat from respiration. 
Since respiration and resultant heat production are related to pile temperature. 
sugarbeets must be cooled to about 40°F as rapidly as possible. The higher and 
wider the beets are piled, the more difficult it is to cool them by either natural or 
forced ventilation. Conversely. the smaller the pile, the greater the percentage of 
beets on the surface exposed to extremes of weather. 

Figure 44. kern pming -I W b  mlh for rrm-1 of dirt and tnib. (Cmwuq, The Cred Wclfrm 
S"gm C0mp"y.) 

The smoothness of the pile surface is also important in Educing the surface 
area. Some companies level the top of the  piles by hand (26),  and may use wooden 
A-frames along the sides of the pile to minimize the surface area (27).  These frames 
are about 5 ft high, and provide an end point for the piler boom swing. When beet- 
pile coven'ngs are used (described below) these frames, with hinged sides, provide 
means for opening the covered piles and allowing aeration. 

An ideal piler rapidly unloads the sugarbeets, screens out the sail and trash, 
and stacks the beets in a smooth, even pile with minimal damage to the beets. Piling 
machines today do not approximate these conditions. The cleaning Screens cause 
the most bruising as beets are dropped over rollers, alternately steel-cage and rub- 
her, which rotate in the apposite direction to the flow of beets (Figure 4-3). This 
bruising is tolerated to obtain clean beets, since dirt and trash impede air movement 
through the piles. Bruising also occurs when beets strike other beets and metal 
objects when unloaded and conveyed along the high speed belts and dropped off the 
end of the boom. Unfortunately, the rapid rough handling is tolerated because 01 
the shortness of the harvest season and the large capital invcstment in pilers. 

Reclaiming. Beets are normally reloaded from the piles with front-end 
loading units (Figure 4-4). Scoops on these loaders may hold up to 7.5 tons ofbeets. 
Beets are loaded by these units into trucks or railcars for transportation to the fac- 
tory from distant piling stations. When the pile is at the factory location, the front- 
end loader may discharge the beets directly into a wet hopper. from which the beets 
are flumed to the factory. 
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Figure 4.4. R~clr iming k u  with  fronwnd loader. (Courtq, iYorfhm, Ohio Supr  Cornpony.) 

Factors Affecting Pile Losses 
A harvested beet is a living organism which respires. or bums sugar, in order 

to maintain life as d o  all living tissues. Respiration can account for 80% of the loss 
of S U C ~ O S ~  and 75% of the loss of recoverable white sugar per ton (62). A second 
source of sucrose loss is the biochemical conversion to other metabolites, primarily 
invert sugars and raffiwrr. Formation of the other metabolites or impurities not 
only utilizes sugar, hut also decreases extraction and thus decreases the percent of 
sugar in the beets that can be recovered during processing. 

Effect of Storage Time.  Beets lose sugar continuously during storage with 
the highest rates of loss occurring during the first 30 days of storage because of 
harveic wasnds d hisher pilc :empcr;:uic~ 2-d lz:? in &e > C ~ > U I I  wlirii piirs 
deteriorate from freezing and thawing (30). Barnes et al. (12) found with multiple 
rryressian analysis, that campaign length and rate of harvest. both of which con- 
tribute to storage time, are the most important factors affecting year to year varia- 
tinns in storage loss. 

Effect of Temperature  and the Surrounding Atmosphere. A second 
important factor influencing sugar loss is beet temperature. As a rule of thumb, the 
rate of respiration approximately douhles for each 10°C (18°F) rise in temperature 
(62). However. respiration and ultimately sucrose losses, are higher when 
temperature fluctuates than when held constant ( I ) .  Above 0 "C, the temperature 
extreme is more impartant than the magnitude of the fluctuations or the mean- 
treatment temperature. Fluctuations in which the temperature drops below 0 "C 
drastically increase respiration and sugar loss. Like respiration. accumulation of 
invert sugars increases not only with increase in temperature. but also as a result of 
temperature fluctuations (63, 64). Raffinose, on the other hand, accumulates at 
temperatures less than 4 "C (63). 

Rapid pile cooling is essential for minimizing sugar loss and impurity 
accumulation. Beets should not he piled when initial beet temperatures exceed 
50-60 "F (12) or if amhient air temperatures are tim high for adequate cooling. Fur- 
thcmore. since beets generate heat from respiration, natural ventilation is essential. 
Since trash not only hinders the free passage of air through the pile. but also decam- 
p l ~ c s  and gencratcs adilitirmal hoat, precautims must be takcn to prevent trash 
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entering with the beets from entering the pile. A pile of clean beets to some extent 
ventilates itself, because warm air in the center rises, and colder air is drawn in from 
the surrounding atmosphere, known as the chimney effect. Artificial ventilation 
discussed later in the paper will increase rate of pile cooling under some cir- 
cumstances. 

The  eNect of humidity of the air surrounding beets on storage loss, is not 
thoroughly understood. Dry air cools beets by evaporative coaling, but excessive 
drying of beets in a pile is injurious (14). Humid air, on the other hand. may p m  
mote growth of microorganisms that cause mold and rats. 

M u d  and Trash. Factories normally do not accept beets with excessive dirt 
or trash for storage. However, under w r y  dry or very wet soil conditions. removal of 
the mud or clods is dificult even with the correct and properly adjusted equipment. 
In such cases, the beets must be accepted, with resultant higher storage losses (38). 
Adhering claytype soils may persist through to the factory diffusion juice, and pose 
difficult problems in carbonation sludge settling, since soil does not respond to set- 
tling aids normally used. 

Improper Topping  and  Mechanical Injury. Leaves and petioles left on the 
beets by improper topping impede the natural circulation of air in the pile. New 
growth may also start from the crown at the expense of the sugar stored in the beets 
(Figure 4-5). Historically the storage of beets with intact crowns, as when topped 
with mechanical "beaters." has not been recommended because of the lower quality 
of the crown h u e  and because of regrowth from the crown tissues. Since the 
crown. the umer-most section of the beet root. is coninosed of buds for new erowth. 

a ,  

it  is the most physiologically active part o i the  beet mb has a higher respiratyon rate 
than the root (69). However, removal of the crown tissue by topping exposes a large 
wound which increases the respiration of the root during thr early storage period 
and nrovides an avenue for infection of rot oreanisms later in storace. Several recent 

~ " 
studies have shown that flailed beets lose less sugar during storage than topped or 
partially topped beetsl. Topped beets stored over 100 days can develop extensive 
mold growth an the cut surface. especially if the hollow area of the crown is  expos^ 
ed, whereas little mold develops on untopped beets (5, 65). Nitrogen fertility has a 
greater effcct upon quality than does crown removal and so, with careful manage 
ment, beets can be flailed without topping at harvest without sacrificing quality or 
yield (8). Sprouting. another objection to storage of untopped beets, can be sign& 
cantly reduced by scalping at least one inch off the top of the crown to remove the 
main buds. 

Beets are handled roughly by the large harvesters and beet-receiving equip- 
ment. The beet surfaces arc cut, scratched, rolled, gouged, and bruised. Breakage 
occurs which further exposes open surfaces. The respiration rate of the sugarheet 
root responds to injury immediately after harvest and the response may continue 
throughout the storage period 2. Although high respiration rates immediately after 
harvest affect pile coaling and sucrose loss. the major effect ofthe injury apparently 
is to facilitate mold growth (46, 65). Small pieces of beets from breakage 
throughout the harvesting and processing operations are usually lost with the sugar 
they contain. As much as 3% of the beet weight can he lost in this manner. Each 
operation - topping and harvest, loading on truck, and piling - causes additional 

lSee refs. (5, 8, 19, 65) 
2See refs. (5 ,  6, 19, 23, 50, 65, 69) 



damage and thus additional storage loss (69). Development and modification of 
equipment to minimize damage would significantly reduce storage lass. 

Figure 45.  Sprouting of bceu in storage pile rsulld by high topping. (Cow-, 
S"$W Company.) 

I f  tlir temprrature of the beets in the pile is greater than 50'F. bruising will 
lead in greater rotting. The rate ofrotting in one series of experiments was 15 times 
as great at 65 "F as it was at 45 "F (34). Rotting is of secondary importance to 
respiration loss at lower temperatures. 

Freezing. Serious losses can arise from freezing and thawing of beets in 
piles. A beet is not killed by moderate freezing, as respiration continues until the 
temperature reaches - 18%; however, cell damage, as demonstrated by loss of 
cellular contents and increased respiration rates, results from exposure to 
temperatures helow -2 "C (63). The damaged tissue respires rapidly when beets 
thaw, and mhceyen!!y d . z c ~ ~ p c s z s  then s~bj tc ted  to increzsing tempemt-;es x d  
mold growth. Frozen beets received at a factory should not be put into storage piles 
hut rather processed immediately. Beets which are piled frozen thaw out and rapidly 
respire. The generated heat increases the respiration rate and mold growth to give 
high interior pile temperatures and rapid decomposition ofbeets. Beets frozen in the 
field which are allowed to thaw and "heal" hefore harvest store reasonably well. 
Even though frozen and thawed beets appear to stwe well, they undergo higher than 
normal storage losses ( I ) .  During piling, the exposed face of a pile may freeze at 
night and then thaw when fresh beets are placed an  the exposed face. These areas 
may he noted later. as dark and steaming hands across the pile. 

The freezing of surface and interior beets of established piles sipificantly 
increases storage losses. The surface beets alternately freeze and thaw, contributing 
to the high sugar losses in rim beets (7). Frozen areas can also develop in the interior 
of the pile from the sides and top which, upon thawing, produce large areas of 
decomposed beets. Surface freezing can he reduced by building large piles with a 
lower proportion of exposed surface beets. Protection of beets with pile covering is 
discussed in a later section. 

Dehydration. Desiccation and wilting of the beets may he a problem in 
exceptionally dry harvest seasons, particularly on the outside surfacer of the piles. If 
beets are permitted to wilt in the field, they cannot he stored without excessive lasses 
(34, 35). The rapid harvest and piling with modern equipment normally eliminates 
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this problem. Desiccation increases respiration, impurity accumulation, and suscep- 
tibility to mold invasion (15, 16. 63), and is probably second only to warm 
temperature as a detrimental factor in storage. 

Storage Rot. Storage rots cause significant losses of sucrose by increasing 
respiration and by increasing levels of impurities such as invert sugar which not only 
contribute to direct sucrose loss but also interfere with crystallization of sucrose 
(46). The storage rot problem has been recently reviewed in detail (15). Principal 
fungal pathogens include Phomo belac, Penicillium species, and Bolryfis cinerea. 
Bughce ( I  5) reports that wounds from crowning, harvest and piling. freezing, and 
dehydration predispose roots to infection. Sail fertility, other diseases. and maturity 
may also predispose roots to infection. Phorna beloe, which may be seed home, in- 
fects the growing plant and decays the root in storage. Since fungal growth is 
related to beet temperature (44), rapid cooling of piles and maintenance of low 
temperatures reduces storage rot in addition to lowering S U C I O S ~  loss in absence of 
storage rot. The most promising methods far controlling storage rots include 
fungicides applied to harvested beets (44, 46) and development of resistant cultivars 
(15. 16). Commercial application of fungicides is discussed in the next section. 

Beet Culture. The effects that do not arise from conditions during the 
harvesting, handling, cleaning and storage are grouped under this heading. 

a) Cultivar. Large differences between cultivars have been found in respira- 
tion rate, accumulation of invert sugars and raffinose, rot and sugar lass in storage' 
and suilicient genetic variability exists within sugarbeet genotypes to sustain a 
breeding program designed to develop lowrespiring breeding lines. Each of the 
storage loss components - respiration. invert sugar accumulation, and raffinose 
accumulation - appears to be under independent genetic control (3. 59. 70). A 
2.5-fold range in respiration rate was found among 76 inhreds (70). Other studies 
have shown that cultivars within a test vary as much as 50% in respiration rate, 
1 7  5% in invert sugar after storage, and 50% in raffinose after storage (3). Significant 
progress in reducing storage loss can be made through plant breeding and cultivars 
should be evaluated for storage loss characteristics before being released for com- 
mercial use. 

b) Nutrition. Lamer  (43) found that phosphate fertilization of beets in 
phosphate deficient soil led to marked reduction of sugar losses during storage. 
Gaskill (34) has found fertilization in the spring with nitrogen, in certain cases, 
significantly reduced rot at 45 "F. Recent studies showed that nitrogen fertility levels 
have a large eNect on sugar and purity, but no significant effect upon sugar or 
recoverable sugar loss (1, 8, 63). 

c) Agricultural chemicals. The use of agricultural chemicals - herbicides, 
nematicides, fungicides - has increased dramatically in the last two decades. 
Akeson et al. (9) reported that chemicals applied early in the season such as her- 
bicides or nematicides, had no adverse eNect on respiration, invert sugar formation, 
or sucrose loss during sugarbeet storage: however, many chemicals applied prior to 
or after harvest significantly increased storage loss, no doubt because of phytotox- 
icity to the beets (23). Watkins (61). on the other hand, reported studies in which 
varieties not treated with herbicides stored better at 36°F than the same varieties on 
which a herbicide was used. Additional research is needed to determine the effects, 
if any, of commercial herbicides on sugarbeet storage. 

'See refs. ( I ,  3, 15, 16, 59, 63, 70) 
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Pile Coverings 
Experimentation with pile coverings to protect pile surfaces against dehydra~ 

tion and alternate freezing and thawing as well as to reduce the depth of freezing, 
has been conducted by nearly all U S .  companies sturing sugarbeets. Recoverable 
sugar losses in the outer two feet ofsugarbeet piles are three to four times as great as 
in the interior of the pile, "Rim" losses may account for over 40 percent of the 
recoverable sugar loss of the pile, although the rim may only account for 1 7  percent 
of the pile (7). Within the past decade, pile covering has become a commercial prac- 
tice for several companies in an effort to reduce this "rim" loss as well as to extend 
the safe storage period. 

Straw and  Plastic Covers. Recently. straw and sheet plastic have been used 
for covering the sides of commercial beet piles'. Straw is blown through a regular 
mulcher~blower, and can be applied to beet piles as high as 35 feet (Figure 4-6). One 
ton of straw will cover about 1 000 tons of beets when applied 4 to 6 inches deep. 
The straw is normally applied in two applications, the first layrr applied as a thin 
"sunshade" a few days after piling and the remaining straw applied when the pile is 
finished. Three men and one truck with a mulcher-blower can cover 50 000 tons of 
beets in 8 hours at a total cost of 15 cents per ton of beets. Straw covering was 
reported to reduce recoverable sugar loss by an average of 23.8% in 12 tests con- 
ducted over a four year period (7). The most satisfactory covering was a six inch 
layer or straw on the side and a one IO two inch layer on top (4, 7). No benefit was 
obtained from a thicker side cover while a thicker top cover retards pile cooling. 
Straw does not prevent freezing hut retards alternate freezing and thawing and 
dehydration of the rim beets. 

The straw adheres well to the sides of the pile but tends to erode off at the 
edges. The straw has caused problems in some factories. but these problems can be 
overcome by uniform mixing of straw and bee& during reloading, improved trash 
removal systems, and regulation of beet and water flow in the flume. 

Sheet plastic materials used for covering pile sides include polyethylene (47), 
~oyluii tcidwced piyr&yienr ( 2 i j ,  and woven polypropylene (4. 7). A major proh- 
lem is holding the plastic sheeting on the pile. The  polyethylene is easily damaged 
by wind and must be weighted down with wooden beams, old tires, or other conven- 
ient materials (Figure 4-7). The nylon reinforced and woven polypropylene plastics 

. - . . i  
Figure 46. Mukhcr-blower applying s binch layer of chopped straw to s pile of bcru. (COYI~LJY, 
The Grrof W c l l m  sugar cornpony) 

'see refs. (4, 26, 27, 42, 47) 

~ ~ ~- J 
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are much stronger than plain polyethylene and so can be held down by wrapping 
edges around wooden boards which are attached to the pile with metal stakes. The 
plastic is normally applied to the sides with two or three feet left uncovered at the 
toe of the pile to allow for ventilation (4, 26) and should not be carried over the 
shoulder of the pile (Figure 4-8). Removal of the plain polyethylene can be difficult 
if snow is on the pile or if condensed moisture has frozen the cover to the surface 
beets. The woven polypropylene was equally, if not more effective, than straw in 
reducing sugar loss in pile rims (7); however, the plastic side cover alters the natural 
pile ventilation patterns so that deep frozen cones, formed by down drafts, develop 
from the tops of the pile (4, 26, 47). As the cones thaw with moderating weather. 
beets deteriorate and rot. The straw covered piles on the other hand freeze in from 
the side more than the top and the straw retards thawing in this area of the pile. 

r- I - 
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Canopy, Trench. Bubble, and Rigid Structures. Straw and plastic side 
covers reduce lreezing and thawing a l  beets and thus reduce sugar loss and extend 
the safe storage period somewhat; however, they do not give complete protection for 
safe long tern, storage of beets. Beet piles must be protected from freezing or must 
be frozen solid and protected from thawing to give safe storage of sugarbeets past 
mid-February. Systems tested for protecting beets from freezing included plastic 
canopies (29 .  41, 42), trenches (29), an air supported bubble warehouse (31, 42), 
and a rigid warehouse (31, 42). The trench effectively prevented freezing only when 
covered by a plastic canopy. Of these systems, only the plastic canopy has been used 
commercially. The common feature of each system was a completely enclosing 
structure with outside cooling air supplied by artificial ventilation. The outside air 
is closed off or restricted and the inside air recirculated during freezing weather. 
The plastic canopy (Figures 4-9 and 4-10), bubble warehouse (Figure 4-11), and 
rigid warehouse were equally effective in reducing sucrose loss. preventing freezing, 
and extending the time period for safe sugarbeet storage (31). Details of construc- 
tion, ventilation. and controls have been described and illustrated in detail1. The 
projected cost per ton of beets stored under the plastic canopy in 1974-75 (3 I )  was 
half that of those stored under the bubble and the rigid warehouse, primarily 
because of the high capital cost for the latter two. On the other hand, canopies have 
the following disadvantages: a) extremely high labor input at beet piling time, b) 
danger of beets freezing before they are covered. and c) susceptibility to damage or 
destruction by high winds during construction or storage. 

f igurc 49. Carutruriion of canopy comr for beel pile. /Couresy, U and I Incorporded) 

Forced Ventilation of Beet Piles 
In past years much use has been made of forced ventilation of beet piles, to 

cool the piled beets rapidlyz. The operational principle is simple - cooling is effect- 
ed by blowing the cool night air through the pile ofbects. Once cooled to 30'.40 "F, 
the beets can easily keep cool, because their respiration has slowed down and they 

'See Refs. (26. 29, 31, 41, 42) 
*SeeRefs. ( I O ,  11 ,  13, 18, 20, 21, 22, 24, 25, 28, 32, 33, 36, 37, 40, 48, 49, 51, 
54, 55, 56) 
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Figurr 4-10, Canow m e n d  brrt pile. (Cowtrq, The G-I Wulrm sup, Cornpony.) 

do not produce as much heat as at higher temperatures. Rotting is also not an 
important factor at the lower temperatures. Forced ventilation of beets has at times 
been used in nearly all the beet-growing areas of North America. However. forced 
ventilation of beet storage piles has not been used extensively on noncovered piles 
in recent years. 

Tests with pile coverings and forced ventilation reported by Utah-Idaho Sugar 
Company research workers (51) indicated that a) side coverings alone prevent 
severe side freezing. but do not stop vertical convection air currents; b) forced ven- 
tilation improves the air currents. but does not totally eliminate hot spots; and 
c) top and side coverings with forced ventilation accomplish more uniform 
temperature control. The greatest benefit came from better handling and processing 
of beets, than from improved punty or extraction. 

In earlier years when hand harvesting was practiced and later with simple, 
smaller beet harvesters, beets entering the storage piles were often warm and wilted. 
At the present time, with the larger mechanical harvesters. larger truck transport 
units, high-capacity pilers with grab-roll screens, and continuous deliveries 24 hours 
a day, beets entering storage are more likely to be tu r sd  and cool, and forced ven- 
tilation is considered generally unnecessary. The usual practice in many areas today 
is not to accept beets for storage when daytime temperatures are high ~ greater than 
809F - or when the beet temperature is above 55 "F. Longtcrm piling is carefully 

T I  .. - 
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avoided in very warm climates, as in California and Arizona. A disadvantage in the 
use of ventilation has been the development of hot spots over the tubes caused by 
dehydration of the beets around the ducts or by freezing of the adjacent beets when 
the fans are operated with very cold, ambient air temperatures. 

Farced air ventilation ducts are often made from discarded 55-gal oil drums, 
which are welded together (Figure 4-12), Gaps are left between the drums, or holes 
arr punched in the drums for air-distributing apertures. Ducts are typically spaced 
25 ft apart and are 90 ft long for 120-ft pile width. Axial-flaw blowers supplying 
IO 000 cfm or more against a static head of 3 in. of water are a suitable air sourcc. 
The tubes are positioned before the bn t s  are piled over them and are held in place 
by blocking with beets. with small trenches. or by latching to stakes in the ground 
(Figure 4-13). 

Figure 412 Comiruriion dcb i l .  of rrniilstion d u m  made fmm d i u s d d  oil drums. ( C o w r r ~ ,  
nauy S"ga' C0mjm"y.) 

Recently, 24-inch diameter aluminum culverts with holes drilled for air. 
distributing apertures have been used in place of discarded oil drums for ventilation 
ducts (29). The principal advantages of the aluminum culverts were ease ofprepara. 
tion and handling. The culverts can be re-used if care is exercised during the 
reloading. 

Non covered, straw covered, and plastic side covered piles are normally cooled 
with natural air convection currents; however, the protective structures - trench, 
canopy, bubble warehouse, and rigid warehouse - require the use of forced air ven- 
tilation to cool the pile. Ventilation systems (29, 3 1, 4 I ,  42) were designed not only 
to distribute cooling air to the pile, but also to recirculate air from within the struc- 
ture to prevent freezing during cold weather. Jardine and Stoller (41) described a 
modified ventilation system for canopies in which hot air was exhausted from the 
canopy through attic fans. Two-thirds of the ventilating air entered the pile through 
A-frames at the base. The remainder of the air was supplied to the center of the pile 
b hi h ressure axial fans. The axial fan system was controlled so that it circulated 
outside air only, inside air from the top of the pile or a combination through the 
pile. This system used about one-half the electrical power as the conventional pile 
ventilation systems. 

y .g 9 
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/ FigurcClb Vcntilntiondurtl inplatesndnbout t o b c ~ o r c d  with brruduringpilingopcntianr 
(Courw, Holly S q w  Company) 

Wyse and Holdredge (39, 67, 68) recently developed computer models for 
evaluating the effect of forced ventilation on pile cooling and sugar loss. Initial 
studies (67) showed IO cfmlton which is commonly used in commercial ventilation 
may not always be suKcient to control pile temperatures. and that 20 cfmlton may 
give more adequate cooling. Schmalz et al. (53) confirmed these findings in covered 
beet piles where ventilation rates in excess of 18 cfmlton were required to provide 
adequate temperature control and 35 cfmlton during the initial cooling period gave 
most rapid temperature reduction. Wyse and Holdredge (68) found that benefits 
derived from forced air ventilation varies by geographical area since the cooling 
capacity of the ventilation system is dependent on ambient cooling air available. 
The authors proposed ventilating beets at 20 cfmlton during the first 20 days of 
storage for rapid cooling and with 10 cfmitor; or no ventilation after that. 

Other Methods 
Deep Frozen Storage. The complete freezing of sugarbeet piles is currently 

a commercial practice for long term storage of sugarbeets in the Red River Valley 
(57, 58). Piles can be frozen solid by artificially freezing the pile with forced air yen- 
tilation or by removing and processing the center section of piles (pile splitting) by 
late November and allowing the smaller piles to freeze naturally. American Crystal 
employs a large deep freeze commercial application which incorporates ventilation 
channels through the piles to precool and then deep freeze the beets by using forced 
air. The ducts are fabricated from 54 inch galvanized culvert cut in half lengthwise 
and attached to a 2 inch metal base that elevates the culverts above the pile ground 
and allows the forced air to flow through the stared beets (Figure 4-14). Ducts are 
spaced eleven feet apart with fans on each end of the ducts forcing 20 cfm airlton 
through the beets. Below ground duct air systems installed below a concrete covered 
area are also used to cool and freeze beet piles (Figures 4-15 and 4-16). The deep 
frozen beets are sliced during the last part of the campaign Beet slice. sugar produc- 
tion, and extraction increase while slicing the deep frozen pile. Sugar lost in storage 
is lower in the deep frozen beets than in the regular piles that had been split and 
frozen naturally which in turn have lower losses than the partially frozen control 
piles (57, 58). The frozen storage technique can be used only in areas such as the 
Red River Valley where temperatures are cold enough to freeze the pile solid and 
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Figure 4.14. A h w c  ground durra for cmling and fmring k t  pila. The duru  go .c- the width 
01 the pilr rich fans on each cnd of the duct. (Courfey, A m r a n  Cryslol S u p ,  Conpony.) '. . 
keep it frozen. If al l  beets in the pile are not frozen, the heat from the respiration of 
nonfrozen beets can thaw adjacent beets as temperatures moderate. Heat of respira- 
tin" from thawed beets would then thaw additional areas of the pile which could 
cause rapid pile deterioration. The factories have problems processing a mixture of 
frozen and nonfrozcn beets but have few problems when all arc frozen (57). Wyse 
(66) reported that Ihc temperature on a pile should be reduced below - 5 'C as 
quickly as possible. Insufficient freezing air could result in cooling only to - 1 or 
-3"C, causing an increase in respiration rates, and subsequently, increasing the 
amount of freezing air and time required for completion of deep-freezing. Respira- 
tion does not stop until the root temperature reaches - 18°C. 

Fungicides. Fungal pathogens. particularly Penicillium sp. and BofrqilU 
cinem, sporulate in the humid environment of the storage structures. The dry 
spores are distributed in continually moving air currents and deposited on other 
roots to m e w  the disease cycle (1  5). Thus, these storage Structures function as giant 
incubators for storage rot pathogens and may create major rot problems that would 
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Figure 416. Lktailr of &low ground air duet system. (Courtay. American Crystal Sugar Campny.) 

not be serious in an open pile. Treatment of beets going into structures with 
thiabendazole has been highly successful in reducing storage rot and thus reducing 
sugar and quality losses (45). The most successful treatment is a water solution con- 
taining 1 500 ppm thiabendazole sprayed onto the beets as they are piled at  a rate of 
one gallon per tan of beets. Thiabendazole, however, did not reduce sugar loss in 
straw covered piles stored an average of 97.7 days (9). 

Washing B e t s  Before Piling. The Northern Ohio Sugar Company installed 
a commercial sugarbeet washer as part of a circle piler, IO wash beets delivered by 
growers before piling. The washer was a standard factory type C.F.&I. unit, which 
also removed trash. The beets were fed from the discharge of the grab-roll screen 
into the washer and conveyed from the washer to the storage pile, which was ven- 
tilated for rapid cooling. Results from two years testing showed that washing did 
not improve storage and if anything, increased the losses (2). 

Short.Term Storage 
Short-term storage is uscd in Northern California, as the rainy season is 

approached in the fall. to give a buffer supply of beets at the factory. Thus if a brief 
rainy period temporarily stops the beet harvest, the factory is saved the expense of 
shuning down and restarting or of running a nearly profitless Steffen campaign. 

Most farwestern factories have factory receiving bins holding up to a 3-days' 
supply of beets. When a larger buffer supply is required, a yard pile is started with 
portable pilers. and a storage pile of the size needed is built. From that time, beets 
are steadily reclaimed from the initial end of the pile, while at the other end the 
pilers continue to pile beets. Thus the moving pile is maintained at the desired size, 
and beets do not remain in storage for more than a given period, say a week or IO 
days. 
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Chapter V 

PRELIMINARIES TO PROCESSING' 
Preparation of the beets far processing is the step between the harvesting and 

slicing operations. In most instances it includes: receiving at the factory site: dirt and 
trash removal; short-term storage; beet flow control; final trash removal and final 
cleaning; and elevating to the factory slicers. These steps will be described in this 
section. 

General 
Sugarheets are now usually mechanically harvested and this results in the 

simultaneous halvesting of trash, weeds. clinging dirt, rocks, mud halls, and metal 
parts. All of this extraneous material must be removed. damaged beet pieces 
recovered, and the beets cleaned of adhering dirt. Cleaning before storage is also 
necessary to remove the smaller materials that would block the ventilation passages 
between the beets. 

In addition to the direct functions of each of these unit processes. there are 
indirect economic aspects to consider. There can be excessive root breakage in 
handling. and loss of sugar by leaching in flume and wash waters. On the other 
hand, the recovered trash. weeds and beet tops represent an economic gain, since 
these materials are normally fed to cattle at the factory site or mixed in with the beet 
pulp in the drying operations. 

Factory Receiving Equipment 
High speed conveying and screening systems are now generally a part of the 

receiving facilities of the beet-sugar factory. These screens can be of the Reinks 
multiplekicker, roller type, the A m e r  multiple square-roll type (Figure 5-2). or the 

Figurebl.  A spiral 
dewatering ~ ( N I c ~ .  

:urd 0" beet- 

- - -  -- --_ 
'by A. G. Frost 
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Amer-Silver spiral nip-roll type (Figure 5-3). Each is designed to vibrate the beets 
to shake dirt loose. 10 pinch any items such as beet tops and leaves so that they can 
be separated from the beet roots, and to convey the partially cleaned beets toward 
the storage area. Large rocks and weed clumps are normally not separated since 
they are similar to the beet roots in size. 

Figure 53. ArmcrSilrcr spiral pinch roll on k t  trash acrrirr. 

Storage. Storage facilities are needed to ensure a continuous supply of beets 
to the factory during the periods when beets are no1 being received. Long-term 
storage is h e  subject of Chapter IV and here will only be covered to the extent of 
the handling of the beets for processing. There are many types ranging from flat 
slabs with front-end loader trucks, A-frame bins with flumes (Figure 5-4), to flat 
slabs with flumes (Figures 5-5 ,  5-6, and 5-7). Storage capacities will range from 
under 100 tons to hundreds of thousands of tons. Equipment used to f i l l  the bins or 
pile the beets can be as elaborate as a fixed overhead structure with movable shuttle 
conveyors, to a simple beet piler that works along the piling area with beets 
delivered by truck to the piler hopper. All of the bin filling or piling devices must be 
designed to minimize breakage of the beets; Le., there must be short drops to piles 
and a minimum number of transfer paints. "Prod poles," picks, forks, and front- 
end loaders should be used with caution, since breakage of beets ruptures beet-root 
cells and increases sugar losses in fluming and washing. 

Piles should be built so that the beets can he systematically harvested with no 
pockets of old beets left behind. Rotting beets can cause contamination of fresh 
b e t s ,  in addition to being a loss in themselves. 
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scoragr for dry handling 
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Figure 5-7. Elfa n o z z l ~  for wet 
harvesting of beera. I 

As a rule of thumb, beets in areas where average daily temperatures exceed 
40 "C should he processed with no more than a few hours of storage. In areas where 
ambient temperatures are 25 to 35 "C, storage should be limited to 2 or 3 days. and 
where temperatures remain near freezing, beets can he left in large piles u p  to 2 
months. In any case. before storage the beets should be cleaned by passing over the 
dirt screens so that there will be voids between the beets to permit natural or forced 
ventilation of the piles. 

Railroad Car Receiving Hoppers. Railroad car receiving systems are usually 
designed to route beets directly into the process without intervening storage. Beets 
that have been moved by railroad cars normally have spent one to three days in the 
cars and are sometimes wilted, or frozen. Additional storage could result in con- 
siderable sugar losses. Thus, rail car beets are usually placed in wet or dry hoppers 
and then conveyed directly to the final washing. 

!!!a! rai! PBF czn prsi over the open top, and it wi!! 
hold one to three carloads of beets. A flume passes through the bottom section, to 
convey the beets to the factory. Beets are dumped from the car, and any remaining 
are manually dislodged with wooden poles or streams of water from hoses. This 
latter method is particularly suited for unloading frozen beets, where strong streams 
of hot water can be used. 

In areas where the beets are firmly frozen into rail cars, the period of time to 
dislodge the beets is excessive, and special soaking hoppers are required. These 
facilities utilize hot condenser water to melt the ice and loosen the beets, with a 
drainage system to reclaim the water which drains from the cars. When the beets 
will flow. the rail car is transferred to the normal beet unloading and transfer 
system, usually a wet hopper. from which the beets are carried into the factory 
(Figure 5-8). Frequently the soaking is done over a part of the wet hopper. 

Transporl Truck Wet Receiving Hoppers. Recent specialized receiving 
hoppers have been developed to unload large beet trucks. One method uses a side 
dump transport truck and dumps directly into an operating flume. Another device 
cradles the truck trailer in a special tilting frame and raises the front end of the 
entire trailer until beets flow out the back end. The beets fall into a wet hopper, and 
a flume carries the beets into the factory. 

Dry hoppers are similar to wet hoppers, dilTeering in the use of mechanical 
conveyors to move the beets to the factory. Dry hoppers are usually adapted to areas 
with warmer climates and cleaner beets (Figure 5-9). 

A wpt hnppcr is !cratd 
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Figure 5.8. Unloading rail car wing  wet recovery ~yalcm. 

Conveying. Several types of conveying systems are in use to deliver the beets 
into the final cleaning and trash-removal operation. The most popular method is the 
beet flume, although dry conveyor belts and even dump trucks are used. 

The transportation of the sagarbeets hydraulically by fluming was inventcd by 
Riedinger, the master mechanic o f a  German sugar factory, in 1879. This method is 
simple and convenient and a considerable amount of the encrusted dirt is washed off 
during transporting of the beets. Fluming is possible because sugarbeets have almost 
the Same density as water and thus they are readily carried along by the stream of 
water. The one disadvantage is that some sugar is lost to the flume water by 
leaching out cut surfaces, particularly if the water is warn. 

The flume can be made of steel plate or concrete, and is usually of constant 
width, with a flat or slightly rounded bottom varying in depth from three feet at the 
shallowest portion to as much as 12 feet in a long flume. Normal gradients are of 
about 1.5% for straight portions, and 2% for curved portions (Figure 5-10), 

. ... . 

I 

D 

rigurc M. Rsil  car unloading wing dry hopper. Bceu PIC mnr@ from rail-d hopper by 
mnrayor kll. 
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W T C  WASTE PONDS 

Figure 510. A typical California kl Storage. fluming. and xarhing facility 

Most modern flumes are built with "run-arounds" or bypasses on the top 
edges so that when a plug of beets occurs, the water will flow around the plugged 
portion. The term "self-fluming" has been used to describe flumes with bypasses. 
since the flume water. diverted around the beet stoppage point through the 

downstream side of the beet pile. thus tending to remove the stoppage. Such 
hypasses are also used at beet feeder wheels and shutolfgates in order to permit the 
llume water to continue around the beet stoppage. This prevents flooding and 
allows a constant recirculation of flume water when beets are nut required in the 
factory. A variation of the run-around utilizes hold-down bars in the top of the 
flume to prevent beets from fluating out while the water flows through the bypass. 

Flumes of earlier vintage or some recent facilities so designed. do not have the 
bypass feature hut are equipped with covers of steel plate, plastic, or wood. easily 
removed. to permit beets to slide from the storage pile into the flumes. This method 
requires a considerable amount of labor but some operators feel that plugging is less 
frequent than with uncovered flumes since it is possible to deliver a steady stream of 
beets from the pile to the flume. 

In areas of high dirt or mud adherence to the beets, special provisions must be 
made in the flumes to remove the mud which accumulates. One such method 
utilizes a series of high-pressure overhead nozzles spaced along the flume to 
periodically, or conlinuously, flush the mud from the flume botmm. By proper spac- 
ing, the nozzles can even assist the beets around a particularly diflicult bend in the 
flume. Bottom-flush nozzles have been used with moderate S U C C ~ S S  in flumes, where 
the nozzles are embedded in the concrete or welded to the steel flume bottom. Cable 
hoist-driven plows have been used to manually pull the settled mud along the flume 
to where it can be flushed or shoveled from the flume. 

by ra. - -. -. YYLYm::ica!!j. . ." zxd stcadi!y washes thP htlets into thc flume on  the 
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Separation of beets from flume waters takes several forms. One of the more 
common methods is with a beet wheel. The beets are lifted from h e  flume and 
elevated to a hopper or conveyor. The rim of the wheel is made up of a perforated 
screen so that the flume water can pass through as beets are lifted. Spiral-pinch rolls 
are also used because they not only permit the water to pass through hut also 
remove my trash and weeds which are still with the beets. Parallel steel bars. Reinks 
rolls. vibrating screens, and perforated pan conveyors are additional devices which 
are employed to separate flume water from the beets (Figure 5 ~ l  I). 

Ire 511. BCCI l i f t ing and dewatering wheel. 

Flume water is generally recirculated many times with a variable amount of 
water being discharged at each circuit to control the quantities of mud and silt. In 
recent years, it has been necessary to control the volumes of waste waters genterated 
so partial or complete flume water recovery systems have been built. Makeup water 
is generally from condenser seal tanks and house cold water. The flume water 
temperature should be as low as practical, usually between 30 and 40"C, unless 
frozen beets are being handled. Cold water is desirable since it reduces leaching of 
sugar from the beets. Water should not be run through flumes in storage bins until 
beets are to he moved as there will he sugar loss into the water. The sugar losses to 
flume water have been well established at between 0.02 and 0.05% on beets, but 
may rise up to 0.2% if the beets are wilted or damaged. Thus, the distance offlum- 
ing should he kept short and the water temperature low to avoid such losses. The 
loss or sugar to flume water is appreciable, since a factory slicing 3000 to 4000 tons 
of beets a day can lose over two tons of sugar a day to the flume water. 

A dry handling system has been developed for at least one California factory 
that moves the beets into the final cleaning operation in a dry state. The  losses of 
sugar to flume water with this method are minimired. It also has the inherent 
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advantage of keeping the dirt and rocks out of the flume water until just ahead of 
the rock catcher and k t  washer, so that the mud does not settle out and block the 
flume. 

In either fluming or dry conveying, care should be taken not to bruise the 
beets when moving them from the storage bin into flumes by careless handling. 
Wooden prod poles should he used instead of picks. Care should also be taken at 
transfer points to prevent bruising or crushing, and flume walls should be kept 
smooth, since abraded particles of beet will lose sugar faster than whole beets. 

Final  Cleaning. Among the t p e s  of apparatus which have been developed 
for metering and finally cleaning the beets are beet feeders, trash catchers, sand 
separators, stone catchers, magnetic metal separators. picking rolls, picking tables. 
and k t  washers. 

Beet Feeders. An essential part of the operations is the ability to control the 
flaw of beets through the fial cleaning process and into the slicers. Such control 
prevents massive plugs, with resulting process delays, which require labor to clear. 
The final cleaning operation would be impossible with a wide variation in beet flow, 

One of the principal means of flow control in flumes is the radial spoke beet 
feeder (Figure 5-12), This device is composed of a series of radial spokes mounted 
upon an axis that rotates in the direction of the beet movement. The long steel 
spokes rotate into the flumes and clear the bottom by only a few inches, The rate of 
beet flow is controlled by the rotational speed of the feeder. 

In one dry handling system the beets are placed into a hopper and a conveyor 
belt feeds the beets onto another belt conveyor. The speed of the feeder belt is 
regulated so that the flow of beeta i s  controllcd. &cts are finally delivered to a 
flume which is incorporated into the final cleaning system. 

Stone and Sand Catchers. Stones and sand must he removed to prevent 
damage and wear to the beet slicers and processing equipment. Usually great effort 
is expended to make this operation effective. Methods which have been developed 
for separation are generally huilt around flume systems. The difference in specific 
gravity of the beets and rocks permits their separation in a water.transport system. 
In general, all the devices introduce a stream of water through openings in the 
bottom of the flume. As the beets meet this vertical flow of water, they are buoyed- 
up and pass over the opening. Rocks and sand fall into the opening and down to a 
conveyor, which elevates them continuously from the trap, 

Figurc 512. Radial npokc k t  feeder. 
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The best known of the older devices is the Franklin type, which uses pockets 
in the flumes, where strong water pulsations produced by reciprocating pistons 
farce the beets out of the pockets, but stones and sand settle into them. The pockets 
are manually cleaned. 

The Dyer type (Figure 5-13) can operate continuously by using a steady flow 
of water entering the chute below the flume where the separation takes place. A 
similar rock removal system utilizes a drag conveyor or bucket and chain rock 
conveyor in place of the rotating wheel (Figure 5-14). 

Figurn 514. Typical flume mt catcher - bucket and c h i n  rock roovqor. 
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The water used for lifting up the beets is usually a portion of the fresh water 
makeup, since accurate control of the water flow at this point is essential. In addi- 
tion. considerable testing is required to obtain the correct upward velocity for the 
individual flow of beers and rocks involved. because beets can leave with the rocks if 
they are not properly buoyed by the upward water flow. 

Trash Catchers. Trash, in the form of beet leaves, weeds, and grass, clogs the 
heec cutter knives, plugs the screens in the difiuuser, introduces excessive impurities 
to  the process, and carries in dirt which causes wear to the process equipment. 
Several methods of trash removal have been developed, and among these are: a rake 
system used in conjunction with fluming operations; a llotation device used with 
beet washers: and a rotating-roll. dewatering screen. 

The simplest type is made by suspending steel bars equipped with barbed 
hooks into the flume. More in use is the Dalton trash catcher (Figure 5- I 5 ) ,  in which 
the trash is caught on rakes moving countercurrent in the flume. The rakes arc 
remuved from the flume and are bounccd or struck on fixed or hanging bars to 
disengage the trash, which drops onto a chute-plate. 

A flotation system was developed in conjunction with the beet washer made by 
Elfa-Apparate (Figure 5-16) which uses a high velocity water stream within the 
vessel so that the beets are partially lifted. The water carries the trash to the surface 
where it is collected by spiked discs which are then washed off by the water as it 
exits the beet washer. 

A third system used in flumes comprises spiral, interneshed pinch rolls for 
separating the flume water from the beets. The  beets pass over the rotating rolls, 
which are driven externally, while the water passes between the rolls into the 
recovery system helow. In passing between the rolls, any loose trash or weeds are 
carried into the pinch point of the rolls and pulled through, where they are then car- 
ried down with the water. This method has advantages because of its simplicity; 
however, great care must be exercised in the design of the hearings and driving gears 
because of the large quantities of dirty water in close proximity to these precision 
parts. 
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Figure 516. Trash vplration unit by Elfa-Applrale. 

Beet Washing a n d  Magnetic Separators. Of the final beet cleaning steps, 
the most important operation is the actual washing of the beets before they enter the 
factory. It is presumed that the bulk of the trash. weeds, rocks, and sand has been 
removed by processes described above. The final cleaning steps must then incor- 
porate equipment which will complete the cleaning as far as is practicable. This will 
include any dirt, as well as thermophilic and gas-forming bacteria which it contains. 
Process equipment wear and destruction from sand and rocks has been described 
previously but the silts aNect the juice purification process and the bacterial growth 
leads to sugar destruction in diNusion. 

An effective beet washer must have: I )  an even. regulated flow of beets in a 
singlelayer distribution patten. so that the beets can be individually cleaned; 
2) clean warm water, preferably at high pressure, so adhering dirt is effectively 
removed and 3) a separation section to permit silts, sands. trash, and the cleaning 
water to be separated from the clean beets. Many designs have been developed 
which incorporate most of these features, of which four will be described. 

The Dyer or armlagitator and horizontal tank beet washer is the older type 
(Figure 5-17) and consists of a large water-filled rectangular tank having sand and 
gr,avel traps located under the perforated bottom, A large horizontal shaft, equipped 
with propeller paddles of wood or steel, turns within the tank so that the mass of 
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F g u m  517. k t  rsiher horizontal tank s r d ~ g i t s l o r  type. 
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beets is constantly agitated and moved from the inlet to the outlet. At this point. 
fingers attached to the shaft move the cleaned beets from the washer. 

A beet washer utilizing an oscillating tray with high pressure water sprays has 
been recently introduced on the North American continent. The unit, long used in 
Europe is the R T  (Raffinerie Tirlemontoise) beet washer, which consists of shaped 
and perforated lateral metal slats with gaps provided between the slats. In this way 
the wash water can escape the trays and carry trash, mud and unwanted materials 
from the beet now. T h e  oscillating action, along with the shaped slats, rotates and 
progressively moves the beets so that the high pressure water can clean all surfaces 
while being transported (Figure 5-IR). 

OSCILLATING 

HF*DER-- - 

Several innovations have been developed in Europe, of which the 8. Brunker 
unit has some interesting features. This device feeds dry beets into one end of a tank 
with a parallel-bar grating in the bottom. Large volunies of water, under pressure, 
are sprayed up through the bottom grating and fluidize the bed of beets. The water 
also forces the beets along to the end of the washer where they are dewatered. This 
system appears to be effective in cleaning beets in multiple layer pattern, and can 
separate the clean beets from the foreign materials. 

The Silver beet washer (Figure 5.19) is of more recent design and incorporates 
many of the desirable features for a washer. It usually consists of 72 transverse 
rotating rolls of the spiral pinch or raised dimple type. All are mounted on a sloping 
frame. The  beets are delivered at the high end and are moved by gravity, action of 
the rolls, and by high pressure water sprays, directed along the beet-now path. 
Cleaning is mostly by the water sprays, but the spiral rolls pull the trash through, 
and the button rolls vibrate the beets to dislodge loose dirt and residual water from 
the beet surface. 

Matched in importance with removal of rocks is the removal ofmetal particles 
from the beets. This generally follows the washing step and only removes magnetic 
metal. The  magnet can be in the form o f a  stationary magnetic plate located in the 
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72 mtsting 

beet flaw, but usually it consists of a rotating magnetic head pulley of a belt con- 
veyor. The metal is held to the belt surface until the belt begins its return and the 
metal is scraped off or removed from the magnetizing field and drops free of the 
beet flow. 

Occasionally the beet cleaning facilities are unable to cope with unusually 
large quantities of weeds and trash. During these periods, the rccoursc is to remove 
the trash manually from the beet flow. The picking table, which is usually a 
conveyor belt with positions for personnel to be stationed, is established in the beet- 
conveying system. Factory personnel pick off the trash far disposal. 

Beet Leaves, Weed Trash, and Beet Particle Recovery. In any high- 
capacity beet clcaning and handling operation, large quantities of beet leaves, 
weeds, and beet particles are removed. These can be attractive sources of revenue 
and should be recovered. The beet tops and weeds have feed value for livestock and 
can be introduced into the wet pulp to be dried and sold. or fed directly as cattle 
food. Beet particles contain recoverable sugar and can be processed through diffu- 
sion. As an example, in a factory processing 4000 tons of beets a day, a daily 
recovery of 60 to 70 100-lh hags of sugar and five to six tons of dried pulp is 
possible from the trash and beet particles collected. 

A problem is the separation of the beet pieces from the trash. One way is by 
the flotation device mentioned above. where upward-flowing water separates the 
trash from the beet pieces. Another device developed by Spreckels Sugar Company 
(Figure 5-20) uses a rotating steel drum where mixed trash and particles are dropped 
onto its surface. The wet trash adheres to the drum and is scraped off into a trash 
compartment. Bnt particles are resilient and bounce into a recovery compartment. 

Clean B a t  Conveying. Transportation of the clean beets from the r i a l  
washing station to the slicer hopper requires heavy duty equipment because of the 
great weight of the beets being conveyed. Many methods are used, hut the major 
ways arc: 1) inclined drag chain; 2) chain and bucket elevator; 3) inclined belt 
conveyor; and 4) a beet pump. 
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The inclined drag consists of two parallel steel chains with perforated steel 
plates at alternate links spanning the chains. This equipment is built on an incline 
and connects the flume dewatering or beet washing section with the beet slicer hop- 
per at the higher elevation. A beet elevator normally uses the same drag chain 
system. hut the drag plates are replaced with buckets and the entire mechanism is 
enclosed within a vertical housing. A rubber-covered belt conveyor, dished in the 
form of a trough, built on an incline, comprises the equipment used in the third type 
of conveyance. To prevent beet slippage, the conveyor slope must not exceed 12 O, 

or be equipped with special slip restraining plates attached to the surface of the belt, 
and the beets must be dewatered before contacting the belt. Pumping the beets is a 
rather recent innovation and can be accomplished if the height to which the beets 
are lifted is limited to 70 feet. Rather large and elaborate dewatering facilities are 
needed within the factory because usually the entire quantity of fluming water is 
used fix pumpins the beets. 

THE FUNDAMENTALS OF THE PROCESS' 
The progress of the beets has been followed up to the point of entering the 

factory. Before proceeding further, the reader unfamiliar with the industry may 
profitahly read an orienting summary of  the normal beet-sugar manufacturing 
process. and examine the accompanying composite flow sheet, Figure 5-2 I .  In the 
following description, only the usual practices and equipment are described, and 
variant processes and practices will be found in the main text of the book. 

The process may be conveniently separated into six stages: 1) dimusion. 
2)  juice purification, 3) evaporation, 4) crystallization. 5 )  dried-pulp manufac~ 
ture, and 6) recovery of sugar from molasses. The first three stages comprise the 
beet end of the factory, and the fourth stage, the sugar end. 

1) Diffusion. The sugarbeets are run  through the bret slicers, from which 
they emerge as long, thin strips, or corrcfler. The cossettcs, after weighing, are 
immediately run into a continuous diJiiser, usually of the slopetype. This COnSiSlS 

of a long trough, slanted upwards. The cassettes are propelled up the slope by 

__ 
'by R. A. McGinnis 
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scrolls with perforated-plate flights. Dfluser suppry water enters at the tap end, and 
percolates by gravity through the cossette mass, leaching out the sugar as it proceeds 
countercurrent to the cassettes. The temperature is raised for better extraction by 
steam.heated jackets surrounding the trough. The sugar-enriched juice leaving the 
low end of the diffuser is known as df lwion juice or row juice. The sugar-depleted 
cossettes leaving the upper end of the diffuser are known as pulp, and pulp 
processing is described in Section 5) .  The diffusion juice contains between 10 and 
15% of sugar, which is about 98% of the sugar which was in the beets when sliced. 

2) Juice Purification. Diffusion juice contains nonsucrose impurities in both 
true and colloidal solution, as well as sugar and water. The cplloids, in particular, 
make it very dificult either to concentrate the diffusion juice, or to crystallize pure 
sugar from it. Thus it is necessary to purify the juice with lime. 

The juice is first screened to remove any small particles of cossettes. and then 
heated, usually to 80-85 'C. 

In Some factories p d i m i n g  or predefecalion is used. in which a small portion 
of the liming agent is added to the diffusion juice, with proper control of time and 
temperature, to precipitate much of the colloidal matter in a comparatively i r re~  
versible form. Whether or not preliming is used, the next step in most factories is the 
continuous addition of the balance of the liming agent. Carbon dioxide gas bubbles 
are simultaneously passed through the mixture to precipitate the lime as very small 
insoluble calcium carbonate crystals. Mixed with and adhering to the precipitated 
calcium carbonate, the sludge, including coagulated and colloidal material, can be 
settled out in a clarifier. When batch purification systems were still in use in North 
America, the liming agent was added first, and then carbon dioxide was bubbled 
through, batchwise. 

The lime used is either in the form of an aqueous solution and suspension 
known as milk of lime, or as a slurry of calcium saccharates known as saccharate 
milk, obtained from the Steffen process for extracting sugar from molasses, 
described in Section 6). A sugar factory using the Steffen process is known as a 
StcJm hourc, while a factory without such a proccss is known as a rtroight house. 
In the liming-carbonation purification, the juices are purified by coagulation and 
precipitation ofimpurities, and by adsorption of others on the surface of the calcium 
carbonate crystals. 

The liming-carbonation is divided into firs1 and second carbonation. The 
most-ured system, either unchanged, or with slight modiJicotion, ir the D o n  system. 
In this process first carbonation occurs in two tanks. the primary and secondary. 
Diffusion juice enters the primary tank, and as it overflows into the secondary tank 
the liming agent is added. The limed juice flows down through the secondary tank, 
in which it is treated with carbon dioxide gas. The contents of the secondary tank 
are continuously recirculated from the bottom of that tank into the bottom of the 
primary tank at a rate of about 700% on material entering. The pH or alkalinity is 
kept at the desired point by control of either the carbon dioxide gas or of the liming 
agent addition. Treated juice overflows from the first carbonation system into a 
multitray clarifier, where primary separation of the precipitated solids from the juice 
is effected. 

The purpose of second carbonation is the removal of the lime remaining h 
solution in the juice. Here further gassing with carbon dioxide takes place. and 
more calcium carbonate precipitate is formed. Since second carbonation is at a 
lower pH than fmt carbonation. the calcium carbonate crystals are larger, and are 
easily filterable. Usually Kelly filters are used for this service. The filtrate is then 
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treated with a small amount of sulfur dioxide to inhibit cobincreasing reactions, 
and usually an appreciable further reduction in pH results. At this point the juice is 
known as fhin juice. 

The second carbonation precipitate is usually added to the underflow from the 
first carbonation thickener, together with the filter cake from the thick juice filters 
(described below), and is desweetened on the rotary vacuum filters. The filter cake 
from these filters, sometimes known as 1irneJume when reslurried with water, is 
discarded. The combined filtrate and wash water from the rotary vacuum filters is 
known as sweetwater, and this is used to make up milk of lime in a straight house, 
or saccharate milk in a Steffen house. Excess sweetwater is returned to first or 
second carbonation. 

3) Evaporation. Thin juice is heated and sent to the evaporators.  multiple^ 
effect evaporators are used usually with five individual hadies or efleecfs. Such an 
evaporator is essentially a set of single evaporators, in which the steam used for sup- 
plying heat to the first eNect is drawn from the prime-mover exhaust, but for each 
succeeding elttct the steam used is that formed in the preceding effect by evapora- 
tion of water from the juice. Such a system allows multiple use of the same heat 
energy, and results in decreasing pressures and temperatures as the juice proceeds 
through the effects. By evaporation the percentage of dissolved solids in the juice is 
raised from 1 0 ~  15% to 50.60%. The  outflow from the last evaporator effect is called 
fhick juice. 

4) Crystallization. Crystalline sugars from the second and third boilings are 
dissolved i n  thick juice in the high melfer, and the liquid is then filtered in the fhick 
juice p~esses ,  usually plate and frame presses, and the filtrate is known as dnndnrd 
liquor. 

Sugar is crystallized by pan boiling, in the vacuum pans. The hailing must he 
at low temperatures to avoid inversion and caramelization, which necessitates low 
internal pressures. A quantity of standard liquor is hailed in the pan under vacuum, 
zcti! the !iquor is w p ~ r s a r i i r a t ~ r l  sufficiently; that is. until it contains a greater con- 
centration of sugar in Solution than the equilibrium solubility of sugar at that 
temperaturr. The liquor is then either shocked to start crystal formation by the addi- 
tion of a small amount of powdered sugar, or it is seeded at a lower supersaturation 
by addition of finely milled sugar in a slurry with isopropyl alcohol. The seed 
crystals are then carefully grown, through control of the supersaturation by means 
of YBCUUIII, temperature, feed-liquor additions, and steam. 

When the crystals are of the desired size and number, the mass of crystals and 
marher liquor, known as rnasrecuife orjillrnass, is then discharged from the vacuum 
pan into a large receiver, the mixer, which is equipped with a slowlymoving 
agitator, and sometimes with a heating unit. From the mixer the massecuite is fed to 
centrifugals. The sugar centrifugal is, in essence, a perforated basket which rotates 
around a vertical axis at high speed, within an outer, collector shell. The liquid sur- 
rounding the crystals is centrifuged or spun off, and leaves the basket through the 
perforations. Most factories use completely automated, batch-type centrifugals for 
the first. or white boiling. 

Following one or two brief washes with pure hot water, the wet white sugar 
crystals are discharged from the centrifugal basket. and are sent to the drier or 
granulalor and the cooler. These are rotating cylindrical drums, with interior bames 
which pick up the sugar and allow it to fall through a current of moving air. Hot, 
filtered air is passed through the granulator, and cool, filtered air is passed through 
the cooler. The  granulated sugar is then screened, and either sacked immediately, or 
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stored in hulk bins to await future packaging or hulk delivery, or is used to make 
liquid sugars or other special products. 

A liquid centrifuged from a massecuite is properly calleti a r ~ p .  A liquid 
used for a vacuum-pan feed is properly designated a liquor. In the first-boiling 
centrifuging. it is the practice to separate the portion ofthe syrup that leaves before 
the application of the wash water, from the syrup that leaves after the addition of 
the wash water. The  former is known as green syrup, and the latter as wash sywp. 
If no separation is made, the whole of the syrup spun off is known as machine 
syrup. In the case of the syrups spun from the first or white-boiling massecuite, the 
syrups are given the designation "high," as high grecn and high worh. The high 
wash is returned to the high melter, a tank equipped with agitator and means for 
heating, to dissolve remelt sugars in sugar juices. 

The high green syrup serves as charge and feed liquor for the second or 
infermediare or high TOW boiling, which is carried out in the same way as the first 
boiling. Intermediate or high raw sugar results from the centrifuging of the 
intermediate massecuite. Most factories use continuous centrifugals for this 
massecuite, in which separation of the green and wash syrups is not presently 
possible. The intermediate sugar is dissolved in thick juice in the high melter. The 
intermediate machine syrup serves as feed liquor for the third boiling. 

The TOW or low TOW boiling takes somewhat longer than the other hoilings. 
since the material purities (purity is the percentage of dissolved solids which is 
sugar) are much lower, and the sugar crystallization rates are slower. Following 
discharge of the massecuite into a mixer, it is run into crysfollizers and held for 
periods up to thrcr days, tu permit crystallization to proceed as far as practicable. 
Crystallizers are large, horizontal, cylindrical tanks, ususally equipped with slowly 
moving stirrers and water-cooled surfaces. 

Sugar from the raw centrifuging is known as raw or low raw sugar. This i s  
dissolved in thick or thin juice in the low melfer, and from there is run into the high 
melter. The syrup spun from the raw massecuite is molarses. Molasses is an end 
product, and no more sugar can he economically crystallized from it. Molasses is 
either sold for use as a cattle or yeast food. or it is further desugared by the Steffeen 
process in the same or another factory. Molasses from a straight house is known as 
u i y i n  rnolorrer. Molasses shipped to another factory for treatment by the Steffen 
process is known at that factory asJoreign molorres. Molasses which is discarded 
from the Steffen factory is known as discard molasses, or, in the factories of The 
Great Western Sugar Company, where it was used as raw material for the barium- 
desurgaring process at Johnstown, Colorado, and for MSG manufacture, it was 
known as beneficiated molasses. 

5) Dried-Pulp Manufacture. Wet pulp from the diffuser is run  to pulp 
presres, usually vertical, singlescrew, where the moisture content is reduced from 
about 95% to between 76 and 8496. The water pressed from the pulp is usually 
sterilized by brief heating and returned to enter the diffuser at a point near the tail 
end. After the addition of CSF (described below) or molasses, or both, the pressed 
pulp is dried to a moisture content of about 1096 by hot air in a pulp driu, con- 
sisting of a horizontal rotating drum. The pulp may then be cooled, and is normally 
made into pellefr, in which form it is stared and sold for ruminant animal feed. 

6) Recovery of Sugar from Molasses. Sugar may be recovered from molasses 
by the Steffen process. The molasses is diluted with water to ahaut 6% sugar. cooled 
to under IO"C, and limed with finely powdered lime in botch coolerr. An insoluble 
compound of s u p r  and lime, called a saccharate, precipitates out, and is filtered off 
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on rotary vacuum filters. The filter cake is known as cold sacchorale cokc. The cold 
filtrate is then heated by steam injection to about 90 "C, when another insoluble sac- 
charate precipitates, and is thickened in a multitray thickener. The clear overflow is 
called Slefleen hot j i l f ra le ,  or Sfefleen mnsle, and is usually carbonated to remove 
exce~s lime, and then concentrated, by multiple-effect evaporation, to Form 
concenlmted Sleffenjillrale, CSF, and added to the pressed pulp before drying. for 
enhanced nutritional value, or it may be the raw material from which monosodium 
glutamate is produced. 

The thickener underflow, containing the hot rocchorale pwcipiIde, is usually 
cooled and mixed with the feed to the cold rotary vacuum filter, and the cold and 
hot saccharates are filtered out together and washed as free of the impure mother 
solution as practical. The mixed filter cake is then made into a slurry with Sweet- 
water from the carbonation rotary vacuum filters, and is called saccharole milk. The 
saccharate milk is used as the liming agent in first carbonation in a SteNen factory. 
When carbon dioxide is passed through the secondary, gassing, carbonation tank, 
the saccharatrr are broken up, freeing the sugar, and making the lime available for 
purification and formation of the calcium carbonate precipitate. 



Chapter VI 

DIFFUSION' 
Extraction 

The aim of the diffusion process is to extract the maximum amount of sucrase 
with the minimum amount of impurities. The theories and their applications to ob- 
tain this goal in the factory are described in this chapter. 

The beets arc cut into thin slices or cmsettes, which are weighed on belt- 
conveyor scales before being entered into the dilfuser. These scales can serve at the 
same time to regulate the flow or cossettes to the continuous diffuser. The older 
type diNuer consisted of a series of tanks or cells, called a "Robert battery." This 
batch type of diffuser has been replaced by continuous diffusers of various designs 
in North America. In both batch and continuous systems the diffusion juice moves 
countercurrent to the cossettes. extracting sugar as it passes. The sugar solution 
leaving the diffuser is called TLITV juice. Part of the beet juice from the desugared 
cossettes, pulp, is removed in presses. The resulting press water may be returned to 
the diffuser, either mixed with the fresh water supply, or preferably, to a point 
within the diffuser. The pressed pulp contains only a small amount of sugar, but 
enough other nutrients to make it a valuable cattle feed. 

The sugarbeet. like any other plant, is made up of a complex system of cells 
(see pp. 17-19). According to their functions the cells can be classified as paren- 
chyma storage cells and phloem transport cells. Schneider (45) found a 20% higher 
sugar concentration in transport cells. 

In a living cell the sugar-containing liquid is surrounded by protoplasm, a  pro^ 
tein substance capable of controlling the diffusion of substances into or out of the 
beet cells. To permit the extraction of sugar, the protoplasm is made incapable of 
such control by coagulating the proteins in the protoplasm by heat or coagulating 
agents. In practice. however, only the high temperature treatment is used. The pro- 
toplasm is then said to be denatured. 

Denaturing s lam at temperatures above 50T, the time necessary for com- 
plete denaturing depending on the temperature and physical condition of beets. 
It is interesting to note the different denaturizing rates of the phloem and paren- 
chyma (see p. 25) cells as reported by Schneider (44,45). The slower denaturing rate 
of the phloem cells, especially at lower temperatures, can adversely aNect sugar 
extraction in practice. Some results of these experiments are shown in Figure 6-1. 

Extraction Procas Theory 
The extraction of sugar follows the general laws of diffusion. which apply to 

the intermixing of molecules or very small particles in a fluid as caused by the ran- 
dom thermal motion of the sugar and water molecules. These molecules diffuse 
gradually from regions of higher concentration to regions of lower concentration. 
The tendency to diffuse increases as the concentration difference increases. The 
speed with which a particle will diffuse depends on its size and also on the 
temperature and viscosity of the solution. For simplicity a circular cross-section of 
the cossette is assumed, and allowance may be made for other shapes. Let the radius 
ofthe CTOSS section be r. Assume that initially the concentration, CO, of sugar will be 
uniform over the cross scction. If the cassette is immersed in juice in which the 

'by H. 0. Ebell and M. Storz. 
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Figure 61. Rate of dcnaturization of 
bcet mlb in diffuaer (45). 
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sugar concentration is j',, and j, is less than co, diffusion immediately starts at the 
surface and a gradient develops within the cossette along I. It will be considered that 
the surface film of liquid is part of the cosxtte and that diffusion and mechanical 
agitation in the juice is suilicient to keep the concentration on the outside of the 
cossette at the average of the whole juice concentration. Since time is 
required for sugar to diffuse from cell to cell in the interior, the concentralion p- 
dient will have a gradually diminishing slope, receding from the surface. Thus the 
concentration in the cossette, following r from the center, will resemble curve 1 uf 
Figure 6-2a. At later times the concentration will resemble, successively, curves 2 , 3 ,  
and 4 .  When complete equilibrium is reached. the concentration within the cossettc 
will again be uniform, a flat graph will result and c1 = j,. This is represenled by 
curve 5. Since complete equilibrium is approached asymptotically. a very long time 
is involved and it is never closely approached in practical diffusion. 

Similarly the rate of diffusion drops from a high initial value at a gradually 
decreasing rate. until, as equilibrium is approached, it is very low. Thus a graph nf 
the difiusion rate will resemble the exponential curve of Figure 6-2h. Notice in 
Figure 6-2a that j ,  the concentration of sugar in the juice, increases as the average of 
c decreases. The amount of increase depends on the relative volumes ofthe cassettes 
and juice. 

c, 

it 

CENTER SURFACE 
Figure 62. a) SUITOY concentration within a c m  

ofconrantration j,. b) Dccrcavafra,eofdiffviion 
with time. 
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Figure 6-3 illustrates that it is impractical to attempt to continue diffusion 
until equilibrium is nearly established. Curve 1 shows the change of the average 
sugar concentration in the cosscttes with time, and curve 2,  the corresponding 
change in the juice. After a diffusion time of t , ,  most ofthe sugar has diffused out of 
the cosscttes and into the juice, and little is gained by doubling the time to ti .  The  
vertical distance between curves I and 2 at any time is an indication of the 
magnitude of the concentration gradient, dc/dr. 

Figure tntion. w i t h  time 63. of of sugar C h a q c  diffusion. nn of juice average and c a y i i -  conrm. 2 z t z C2.jr c'+ 

I Y " 
0 
E il 

11 11 
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Mathematics of Diffusion. A considerable advance was made in the 
mathematical theory of diffusion by Silin (51). when he developed equations 
relating the various factors affecting diffusion. He started with Fick's law (18), a 
special case of Fourier's general diffusion law. 

dc  
dr (1) ds = D,A - d l  

where ds is the weight of the dissolved substance diffusing through the area A in 
time dt: and dcldr is the concentration gradient of the dissolved substance A. Dris 
the diffusion coefficient. which depends on temperature according to the Einstein 
correlation: k'T 

D, = - 
7 

where k' is a constant for the dissolved substance, T is the absolute temperature, 
and I) the viscosity of the solution. Let G, be the average Concentration of sugar in 
the juice within the cossettes entering; cn in the juice within the outgoing pulp; and 
c, in the juice within the cossettes at any intermediate point. If the assumption is 
made that the amount ofjuice in the cossettes and in the pulp is 93% of their weight, 
the percentage of sugar in the cossettes must be divided by 0.93 to obtain co, cn, and 
c. Similarly let j,, he the concentration of sugar in the raw juice, j. of the diffuser 
supply water, and j of the juice surrounding the cossettes, in which the concentra- 
tion is c. All concentrations are expressed as weight percent an  juice. 

Assuming a steady slate, and considering the diffuser as a continuous counter- 
current apparatus, the concentration gradient, dddr. can he considered proportional 
to (c - j)/r. The average (c - j) through the length of the diffuser can be determined 
by calculating the logarithmic mean dillerence: 
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Also, for a steady state, where j. = 0 the amount diffused. S. is proportional to the 
time t, because in  that case all the coefficients of dt are constants. In a continuous 
diffuser, all the sugar diffused from the cowettes in the diffusion time is gained by 
the juice. Therefore, the amount diffused from a unit weight of juice within the 
cossettes will be (c" - c"). Substituting these values and kT/q. for Di, equation ( I )  
becomes: 

kTAt . (4, - j,, - cn) 
C" - C" = - 

Co - Jo 
I" (4)  

7 '  
C" 

If D is the draft. the "draft" based on juice within the cossetles (instead of cossettes) 
will be, n = Di.93. The amount of sugar diffused, per unit ofjuice in beets, will 
then be jon and will equal (G, - c") or: 

( 5 )  

Substituting this in equation (4), and rearranging and changing to common 
logarithms: 

co - C" 
n 

j" = - 

Since T and 11 are both functions of temperature, the ratio can be set propor- 
tional to a new variahle.8 ; and since A and r depend on the kn.+ of a given 
weight of cossettes, their ratio can be set proportional to L. Letting 0 = T11000q 
and L = the length in meters of 100 grams of C O S S C ~ ~ C S .  and combining all the 
various constants into a single new constant K ,  equation (6) becomes: 

8, L, and t form a product which is called P. Note that a change in any of the three 
can be offset by a corresponding change in any of the others, without altering the 
value of P. Equation (7) then becomes: 

Equation (8) can be solved for E", from which the losses can be calculated. 

In - 1) c. 
I ~Y 

% =  n - I  n [ antilog ( - ' KP)]  - 1 
n 

However, K should not be considered a theoretical constant (49). Its value is influ- 
enced by the beet material and the diffuser design. A good example is the large 
difference of the diffusion coefficient in the Robert diffuser and in the various con- 
tinuous diffusers. More extensive adhesion of cossettes in the battery reduces the 
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available surface area for diffusion and results in a smaller value for K. However, 
this is partially offset by the use of finer cossettes in the battery. The type ofcossette 
which can be used is determined by the beet material and the design of the diffuser. 
T o  facilitate calculations with the Silin equation, Tables 6 1 ,  6-2 .  and 6 ~ 3  have been 
computed. Table 6-1, as calculated by Miick (31) and DGrfeldt (15) shows the 
amount of pressed pulp obtained with pulp press water return.. The pressed pulp 
yield has to be multiplied by the percent sugar in the pressed pulp to obtain the pulp 
sugar loss on beets. 

The value of KP can be obtained from Table 2 or equation (E) by using the 
known draft and the sugar loss in the pulp. Following is an example. Where cossette 
polarization = 16.0; pulp loss = 0.20; draft = 120; then 0.20 + 16.0 = 0.0125. and 
KP = 5.66. Equation (9) shows that the losses are directly proportional to the sugar 
content ofthe beets; therefore the sugar concentration need not be expressed as per- 
cent on juice in beets but can be expressed directly on beets. 

To recapitulate: n = drafd93; co = weight percent of sugar in entering cos- 
settes; cn = weight percent of sugar in pulp leaving the diffuser; K = a constant for 
the diffuser; P = the product o f 0 .  L, and t; 0 = (average temperature, t"C + 
2 7 3 ~ 1 0 0 0  times the viscosity of water at the average temperature of the diffuser); L 
= length in meters of 100 grams ofcossettes; and t = time in minutes, of the diffu- 
sion. 

Silin conducted experiments to determine if K is actually constant, and its 
value. In six laboratory experiments, under widely differing but carefully controlled 
conditions, K averaged 6.55 x IO-'.  In six factory scale experiments K averaged 
6.45 x IO-', with a range from 6.09 to 6.86 x I V 5 .  The validity ofthe theory was 
confirmed by Wiklund (63) and Wintzel and Akermark (65),  and it was found that a 
value far K of 6.7 x 10.' was valid for their conditions. 

K can he calculated if the average temperature, the diffusion time, and the 
Silin number are known. To obtain @from the temperature use Table 3. Following 
is an example. If KP = 5.66, t = 70 ', L = 12ml100g, and t = 70 minutes, then K 

Oplatka (35) supplied a formula for the countercurrent diffusion process 
similar to the Silin formula, but which replaces the Silin number by the expression 
12KIr2. 

= 8.06 io-'. 

Here C, is the sugar loss in percent on beets, C, is the percent sugar of the beets, d 
is the specific weight of the beets, D is the draft in Kg/Kg, a is the juice volume in 
the cossettes, K is a diffusion constant, r is the thickness ofthe cossettes in mm, and 
t is the active diffusion time after the completion of denaturization of the cells. 

Briiniche-Olsen (9, 10) developed a more complicated formula in which he 
made allowance for the change ofthe juice concentration in the cossettes during the 
extraction process. Schneider uses the general formula (46) 

'Theoretical equations give somewhat different values 
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Table 6-2 Pulp Sugar Calculated as Fraction of Sugar in Original C ~ s s c l l c ~  

KP 
Draft 

108 

112 
114 
116 

i i n  

118 

122 
124 
126 

I30 
I32 
I34 
I36 
138 
140 
142 

120 

126 

144 
146 
148 
150 
152 
154 
156 
158 
160 

I0000 2731 
1.0000 ,2694 
I.0000 ,2655 
1.0000 ,2620 
1.0000 ,2586 

1.0000 ,2521 
1.001IO ,2489 
1.0000 ,2460 
1.0000 ,2432 
1.0000 ,2404 
I.0WO ,2377 

~.ouno ,2553 

1.0000 mi 

1.0000 ,2694 
I.0000 ,2655 
1.0000 ,2620 
1.0000 ,2586 

1.0000 ,2521 
1.001IO ,2489 
1.0000 ,2460 
1.0000 ,2432 
1.0000 ,2404 
I.0WO ,2377 

~.ouno ,2553 

1.0000 mi 

1.0000 ,2214 
1.0000 ,2194 
1.0000 ,2173 
1.0000 ,2154 
1.0000 ,2156 
1.0000 2118 

I.WW ,2084 
1.0000 ,2067 
1.0000 2051 

m o o  . 2 m  

~ 

,1555 
,1496 
,1442 
,1391 
,1543 
.I297 
,1253 
,1212 
.I173 
,1156 
.I101 
,1068 
.I036 
.IO06 
,0978 
.A951 
,0925 
,0900 
,0877 
,0855 
,0853 
,0813 
4794 
,0775 
,0757 

,0723 

.0693 
,0697 
,0665 

,0740 

,0708 

~ 

.IO12 
,0951 
,0885 

,0794 
,0749 
,0707 
.06G9 
,0835 
,0600 
,0568 
,0539 
,0513 
,0488 
,0465 
,0443 
.a422 
,0403 
,0386 
,0369 
,0453 
,0339 
,0325 
,0312 
,0300 
,0288 
,0277 

,0258 
,0248 
,0240 

m 6 7  

,0718 ,0535 
,0657 ,0477 
,0603 ,0425 
,0553 ,0380 
.0508 ,0540 
,0468 .03M 
4451  .0273 

,0367 ,0220 
.OS39 ,0198 
,0314 ,0179 
,0291 ,0162 
,0270 ,0147 
,0251 ,0135 
.LIZ54 ,0121 

4204 .0101 
,0190 ,0092 
,0179 ,0084 
,0167 ,0078 
,0157 .W71 
,0148 ,0006 
,0139 .0061 
,0131 ,0056 
.0124 4052 
,0117 ,0048 

,0105 .0042 

,0094 ,0056 
.OW0 ,0034 

,0397 ,0245 

,0218 .OLIO 

.OIII ,0045 

,0099 .0039 

.0412 ,0324 ,0259 ,0209 .0171 
,0457 ,0273 ,0212 .Olf iG .0151 
,0309 ,0230 ,0173 . U B I  .0101 
.02m ,0193 ,0141 .n104 ,0077 
,0233 .nim m i 5  ,0082 ,0059 
,0203 ,0138 ,0094 ,0065 .on45 
,0177 .ui i i i  .eon ,0052 .oos5 

,0118 .oni i  ,0043 ,0027 .oom 

,0154 .0099 .0064 ,0041 ,0027 
,0135 ,0084 .0053 .0ll33 .0021 

.0104 .0061 ,0036 ,0022 ,0015 

.WYP ,0052 .SI030 ,0017 .0010 

.do81 ,0045 ,0025 ,0014 ,0008 
,0072 ,0039 ,0021 ,0012 ,0006 
,0064 ,0034 ,0018 .0009 ,0005 
,0057 ,0029 ,0015 ,0008 ,0004 
,0050 ,0025 ,0013 ,0007 ,0003 
,0045 .0022 ,0011 ,0006 .0005 
,0040 ,0019 ,0009 ,0005 ,0002 
,0036 ,0017 ,0008 ,0004 ,0002 
,0033 4015 ,0007 .0003 ,0001 
,0030 ,0013 .0006 .W03 ,0001 
,0027 ,0012 ,0005 .0002 ,0001 

,0022 ,0009 ,0004 ,0002 ,0001 
,0020 ,11008 ,0003 .0001 .OW1 
,0018 ,0007 ,0003 .WO1 .0001 
,0017 ,0007 ,0003 ,0001 ,0000 
,0015 ,0006 ,0002 ,0001 .OOOO 
.0014 .OW5 ,0002 ,0001 ,0000 
,0013 ,0005 ,0002 ,0001 .0000 

,0024 .OOIU ,0005 .oooz .no01 

Table 6-3 Values of e for VarIOuI Values of I'C, for UP< with Silin's Formula (8) 

t o  e 1- e 1- e f' e 
20 29.1 40 47.5 60 70.6 80 97.8 
22 30.7 42 49.8 62 73.2 82 100.8 
24 52.4 44 52.0 ti4 75.8 84 103.8 
26 34.2 46 54.2 66 78.4 86 106.8 
28 36.0 48 56.4 68 81.0 88 109.9 
30 37.8 50 58.6 70 83.6 90 113.0 
32 39.6 5 2  80.9 72 86.3 92 116.1 
34 41.5 54 63.2 74 89.1 94 119.3 
36 43.5 56 65.6 76 91.9 96 122.5 
38 45.6 58 68.1 78 94.8 98 125.7 

Y is a function of the extraction process used. Formulas for Y are given for con- 
tinuous countercurrent extraction, discontinuous cbuntercurrent extraction, discon- 
tinuous countercurrent with concurrent flow in the single stages, and for disc on^ 
tinuous countercurrent flow with a crosscurrent flow in the single stages. 

Other mathematicai treatments of diffusion have been published by Dlirfeldt 
(16). Kollman (26). MacDonald (27), Mehrle (29), Rodgers (41), Slavicek (55) ,  and 
\ ,I , I  

Van Ginneken (60). 
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Confirmation of Theory 
Briiniche~Olsen (9, IO)  investigated the diffusion coefficient for cossettes of dif~ 

ferent thickness over a wide range. He found Fick's law, equation ( I )  to he valid for 
comettes with a thickness of over 4 mm. For thinner cossettes he found decreasing 
values for the diffusion coefficient. His  findings were confirmed by other research 
(46). This inconsistency of the diffusion coefficient is believed to be caused by the 
nonhomogeneous nature of the cell structure. The dimensions of the diffusion coef- 
ficient, sq cmlmin, demand a homogeneous system, in which the resistance to diffu- 
sion is uniform over the entire diffusion length. However, sugar and other 
substances must diffuse first through the very small openings in the cell walls and 
then through intercellular spaces and the larger openings of the vascular cell system. 
Therefore, there is a high resistance to diffusion over a short distance and a lower 
resistance to diffusion over a much longer distance. In thicker cassettes, the diffu- 
sion over the long distance is rate-determining, and the diffusion coefficient is con- 
stant according to Fick's law. In thinner cassettes the higher resistance tu difluusiun 
of the cell wall becomes ratedetermining, and consequently, the diffusion coefi- 
cient decreases. The rate of diffusion also depends on the beet material. It has 
been shown that the diffusion coefficient changes with the time of the beet in storage 
(14, 17). Rathge (37-39) States that diffusion alone cannot completely explain some 
aspects of sugar extraction. From experiments he concludes that water enters the 
cells after denaturizing by osmotic force and replaces the sugar juice, which is 
driven out through the larger cell openings. He, therefore, prefcrs to call the process 
of sugar extraction a liquid exchange rather than diffusion. 

Schliephake (43) investigated the mechanism of sugar extraction, specially 
during the initial stages. He defined three hasic phases: osmosis, denaturization, and 
diffusion. During the initial phase water enters the cell by osmosis. The denaturiza~ 
tion increases the permeability of the cell wall and the juice-water mixture is forced 
to flow out of the cell by the sudden change of the cell pressure. Only after the com- 
pletion of those two initial reactions, can diffusion he considered the rate- 
dc:mzinizg praiess. Thc 6cia~inii d &e X t A  p:rasc J c p &  uu & ciiractiurr 
temperature and corresponds to the time needed for denaturization. During that 
time, less than five minutes under normal operating conditions, more than 20% of 
the sugar is extracted. 

Figure 6 ~ 4  shows the three hasic phases, as indicated by the change of the 
relative concentrations of sugar and water in the beet slices. during the extraction 

F i g u x  M. Change of water, with 
change of sugar omrentration in  the 
k t  during extraction, with water at  
&loand 70%(43). 
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with water. at two temperatures. The line with the arrow represents the theoretical 
extraction. during which the water and sugar concentration should remain nearly 
constant relative to each other throughout the process. if diffusion is the only ra te  
determining factor. The maxima and the minima of the curves indicate the comple- 
tion of the first two stages, the osmosis and the denaturization (43). 

Elements of Extraction 
cossettes. The size and the physical condition of the cassettes are of great 

importance far diffuser performance. Since time is required for sugar to diffuse 
through a given distance, advantage is gained by shortening the distance. The most 
widely used parameter to measure the size of the cossettes is the Silin number. The 
values found usually vary between 7 and 20. One factor limiting the size of the 
cassettes is the diffuser design. The  ba tchqpe  Robert battery, with no mechanical 
agitation, can tolerate very fine cossettes. for which Silin numbers of 20 and higher 
are not unusual. Some continuous diffusers, because of the continual movement of 
the cassettes, can tolerate cossettes no finer than a Silin number of 15. 

In general, coarser cmsettes require more heat, longer diffusion time. or a 
higher draft to obtain the same extraction as finer cassettes. Short cossette particles 
and fine pulp seriously interfere with the diffuser operation by plugging the diffuser 
screens. They may also hinder the movement of juice and cowttes by interfering 
with the permeability of the cassette mas$. 

Bjerkhbg (6) introduced the cossette factor, sometimcs called the Swedish 
number, which is the ratio of the weights of ccmettes longer than 5 cm to those 
shorter than 1 cm. A value between 15 and 30 is considered satisfactury. 

Figure 6-5 indicates the rapid decline of the permeability of a cassette column 
containing c o ~ ~ e t t e ~  with a cassette factor lower than IO. $:yr  150 
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Figvrc 65. Caum prmrabiliiy. =I 
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Diffusion Water. One of the most important factors in the diffusion process 
is the quality of the diffusion water. Before the introduction of continuous diffusers. 
tbis water normally consisted only of condenser water and condensates. Earlier 
attempts to make use of the pulp press water were not too successful on account of 
its colloid content. and provisions had to be made to first remove the colloidal mat- 
ter. Far this purpose the Wintzel-Lauritzson process was developcd in Sweden 
(2,62), in which the water is acidified to a pH of 3.2 with sulfuric acid. The floc- 
culated materials are removed by settling and returned to the presses. The  acid 
requirement is approximately 0.025% on heets (2). 

I 
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There are fewer problems when returning pulp press water to continuous dif- 
fusers (64). The higher temperatures during denaturing in continuous diffusers 
appear to he more favorable for the coagulation of the proteins. No other treatment 
lhan screening. sterilizing, and the removal of fine sand w e  required. 

Pulp press water normally contains bctwccn 0.5 arid 1.5% sugar and should 
he returned to a point within the diffuser where the juice solids concentration is 
about equal to that of the press water. Although the purity of the press water is 
quite low, its effect on the quality of the diffusion juice appears to he small. This is 
due to the fact that the diffusion process does not have to be carried out to complete 
exhaustion of the cossettes. The greatest advantage in returning the press water is 
the considerable decrease of the BOD load of the waste water. In addition one can 
expect a 10% higher pulp yield. 

The amount of fresh water needed to make up the total supply of water is 
given by the formula: 

% draft + 96 pressed pulp - 100 = 96 fresh water (on beets). (12) 

In most factories, condenser water and condensates are still used as makeup water. 
This water is always alkaline due to the presence of ammonia. The alkali?ity of this 
water will seriously affect the diffusion process by dissolving otherwise insoluble 
cell substances, especially pectins (25); see pp. 353r7. Pulp pressing is made more 
difficult due to softening of the pulp, and problems during filtration and purifica- 
tion can arise due to dissolved impurities. The pH of the water should be lowered to 
from 5.6 to 6.0 pH.  In North America liquid sulfur dioxide is almost exclusively 
used for this purpose (seep. 729). 

In Europe hydrochloric and sulfuric acids are widely used, hut have had slight 
use in North America. Proposals have been made to use cation exchangers to 
remove the ammonia present (3,4.13,67). However. the use of liquid sulfur dioxide 
carries the additional benefit of partially sterilizing the water. Condenser water, if 
not steriiized, can give rise to serious infections in the dilluser. 'I'hc required 
usage in Michigan varies between 0.10 and 0.20 Ib of liquid sulfur dioxide 
per ton of beets. 

Impurities in the supply water should he kept as low as possible. Although the 
greater part of the impurities is carried out with the pulp, a certain amount will be 
transferred to the diffusion juice (22,23.32,48). The amount of the impurities car- 
ried into the diffusion juice is related to its concentration in the cassettes and in the 
water ( I ) .  The results of the published investigations indicate partitioning of the 
impurities between the pulp and the extracting liquid. They also suggest cation- 
exchange reactions involving sodium, potassium. and calcium ions. 

Carruthers (1 I )  explains this ion exchange reaction as due to the presence of 
polyuronides (polymers of acids formed by the oxidation of the primary alcohol 
group of sugars, such as glucuronic acid from glucose, and galacturonic acid from 
galactose). Anion exchange reactions do not appear to take place. The relative con- 
centrations of anions in pulp and juice are due to partitioning, as above. 

A theoretical study of the distribution ofadditives has been made by Stitt (59). 
who gives the mathematical relations for the partitioning of additives in Robert bat- 
teries and in continuous countercurrent diffusers. 

Temperature. The diffusion temperature must be selected considering the 
following factors: denaturization, diffusion, the thermal behavior of the cell wall, 
enzymatic reactions, bacterial activity, and pressability of the pulp. 
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Denaturizatian ofthe protoplasm takes place at temperatures above 50%. At 
higher temperatures this process is accelerated. The cell wall becomes more 
permeable and the coagulation of proteins becomes mnre favorable for the extrac- 
tion process. At temperatures ahwe  70°C dcnaturization is completed in a very 
short time (Figure 6-1). The rate of diffusion increases directly with temperature. 
The sugar loss in exhausted pulp is proportional to the product of time, 
temperature, draft. and cossette size. Higher temperatures in the diffuser make it 
possible either to lower the draft, or to increase the size of cossettes, or to shorten 
the contact time between juice and cosettes without increasing the sugar loss. The 
relation between temperature and diffusion coefficient is given by the Einstein for- 
mula (2). 

The thermal behavior of the cell wall, especially of its pectic components, is 
the limiting factor. The saponification of the pectic substance of the cell wall is 
increased with temperature. The cell wall then loses its rigidity. The results are 
higher moisture content in the pressed pulp, impaired diffusion inside and outside 
the cassettes, and p l u g ~ n g  of screens through increased fine pulp content and 
mushy cassettes. Higher pectin concentrations in the diffusion juice can also cause 
some problems during carbonation filtration and the crystallization of low purity 
massecuite, requiring considerably more lime in defecation. Enzymatic inversion of 
sucrose during the extraction process is considered responsible for an increase of 
invert in the diffusion juice over that in the beets (33,61). This is more evident while 
processing stored beets. Recent investigations have shown the presence of at least 
two enzymes with different optimal pH values and temperatures. One enzyme with 
a pH optimum above 8 and a temperature optimum over 45 "C, is of little impor- 
tance at the prevailing conditions in the factory. The  other enzyme, with its highest 
activity at pH 5-6 and 60 "C is of far greater significance for the diffusion process. It 
loses its activity at temperatures ahove 65 "C, but unless the cossettes are steam 
treated for about five minutes, some activity can still be observed at temperatures of 
70 "C (33). Another decisive factor is the retention time ofthe cossette-juice mixture 
in the diffuser. Long retention times will add to the thermal degradation of the cell 
wall and to the danger of bacterial infection. Differences in the beet material caused 
by climatic and geographical factors make it impassible to recommend specific 
temperatures. The most desirable temperature has to be found by observing the con- 
dition of the exhausted pulp and by taking the factors mentioned above into con- 
sideration. 

Draft. The ratio of the weight of diffusion juice drawn from the diffuser to 
the weight of the c o ~ ~ e t t e s  introduced. expressed as percent. is called the draft. 

Drafts used vary between 100 and 150. Sugar lost in pulp and draft vary inversely. 
The interdependence of draft and sugar loss can be predicted from the Silin for- 
mula, (9), as shown in Figure 6-6.  

I t  is evident from the graph that a considerable amount of water, about 5.10% 
on beets, has to he added and later evaporated to reduce the sugar loss from 0.25% 
to 0.15% on beets. Also the purity of the clarified juice is slightly reduced (33). 
Steam cost and evaporator capacity have to be balanced against the additional sugar 
obtained (68). 



figure 66.  Sugar Iw w. draft. accord. 
ing 10 Silin. for KP ralun of 5.0. 6.0. 
and 7.0. 
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Closely related to the draft is the juice velocity, which in the case of a battev 
is called the pressure rate (65). According to Wrangel (GG), the juice velocity may be 
calculated by the formula: 

Y = - ( I  v +-) WD, 
At v - w (14) 

where v is the juice velocity in meters per minute, V is the diffuser volume in cubic 
meters, A is the diffuser cross-sectional area in square meters, t is the time in 
minutes, W is the weight ofcossettes in metric tons per diffuser, and D, is the draft 
in volume percentl1UU. WD./(V-W) is the correction factor for the cossette 
volume. Freund (202 I )  determined the juice velocities relative to the cassette m o v e  
men1 for different continuous diffuser types. Most of the investigated systems had 
juice velocities falling between laminar and turbulent flow. His paper also contains 
at) exceiient bibiiiography on this subject. 

pH. The cell juice pH of sound beets varies between 6.3 and 6.6. In the 
absence of a diffuser infection the pH of the diffusion juice is about 0. I unit lower 
than the pH of the cell juice. Within the diffuser a lower pH may have beneficial 
effects. At a pH of 5.5 the diffusion of impurities appears to be at a lower level (24). 
This might be related to the degradation ofthe pectins at higher pH. The exhausted 
pulp is firmer and permits more emcient removal of the water in the pulp presses. 
Considering corrosion, a pH of 6.0 or slightly below 6.0 within the diffuser appears 
to be a good compromise. T o  obtain this, not only the supply water but also the 
press water may have to be acidified. 

Microbiological Action. Before the introduction of the continuous diffusers 
very little attention was given to the bacterial activity in the diffuser. Any bacterial 
activity in a diffuser system can lead to a serious sugar loss and lower the quality of 
the diffusion juice. Bacterial activity in the diffuser can be controlled either by keep- 
ing the temperature throughout the diffuser above 75OC or by the use of 
bactericides such as formaldehyde, sulfur dioxide, chlorine, and others. In most fac- 
tories the bactericide is used as a shock trcatment. The amount and frequency of 
this treatment has to be investigated in each individual operation. The necessary 
addition normally varies between 5 and I5  gallons of 30% formaldehyde per treat- 
ment for a 3000 ton diffuser. Please see Chapter XXllI for an extended treatment 
of this subject. 
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Diffusion Juice. The juice drawn from the diffuser contains a considerable 
amount of colloidal matter besides a large number of fine pulp particles, which are 
dimcult to remove by screening. It is desirable to eliminate most of the suspended 
matter before the juice is sent to the purification process. The color of the juice is 
usually gray and changes to a dark gray or almost black hue on contact with the air. 
This darkening is caused by enzymatic reactions and is accelerated in the presence 
of iron. However, the color of the diffusion juice is of little importance as it is 
removed without dificulty during purification. 

The nonsucrose content of the diffusion juice is related to the quality of the 
beets and the conditions under which the sugar is extracted in the factory. In some 
beet-growing areas, storage after halvesting has more effect on the quality ofthe dif- 
fusion iuicc than normal variations of the mowing conditions as experienced from 

I ~ 

year to year. 
la l , le  6.4 indicates thc varying acid conccntratims t n  difiuwn juice from dif. 

ferent arcas o f  d ~ r  lnitcd States as reported hy Stark and c<i.wiirkers ( 5 R )  (rce also 
p. 12. Tliu fdluwinq percentages 01 thc mineral umponunts are exrrartrd lrom the 
h rm RO 90% of K and Y a ,  10.30% of Ca, 60~HtlYi uf 113. and about 80'X PO*'- 
and SO,'.. Ammo acids and betaine are almust conipletely extracted and the pro. 
win and pectin content uf the juice i s  a function d p H  and tcmprraturr. At hiqher 
diKu5im tcmpc.ri)tures morc pectin, are d i w A d .  liut  the prutem cmlent appcarr 
to he ai i t s  Inwe91 IPWI at about 70°C. 

Table 6.4 Concentralions of Some Adds in DifIusion Juirc. 1950 Campaign, mg/l, 
PL 10% Solids. 

Factor" Lactic Glvcolic Malic Oxalic Citric Chloride Sulfate Phosnhatc ~~ ~ 

Detleraviu. California 1030 215 48 645 592 606 292 651 
Brighton, Coiorrdo 82 23 167 267 473 341 262 586 
Carrollton, hlichigan 775 92 96 221 253 ?23 211 436 
Centerfield. U t a h  208 88 260 94 317 392 3W 174 ~~~~~~~~~~ . 
Manreca. Cillifarnia 288 nil 191 771 531 365 174 618 
hloorhead, Mimemta 1610 26 99 211 621 283 126 531 
hlini-Cassia. Ida110 180 nil 145 nil 326. 186 147 305 
Sidney, Montana 585 39 I12  200 744 142 160 434 
Toppenish, Wash. 335 175 250 261 702 187 142 369 

The following orsanic nonamino acids are present in larger quantities: citric, 
oxalic, malic. acetic, and lactic acid. There are only minute amounts of lactic acid 
found in healthy beets and its presence in the dimusion iuice usually indicates a ther- 
mophilic infection in the diffuser (Table 6 - 5 )  (57) 

Table 6.5 Lactic Acid ConlenU in C o s e m s  arid DiIIuriun Juice. 1951 
(mg/l a1 10% ,uoose) 

Area Colorado Michigan Cali1"r"ia hlinneaoli 
cosret1es 5 5 5 6 
Diffusion Juice 125 310 412 66 

I 
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The invert content in the juice normally ranges from 0.4 to 0.8% on solids. 
Higher concentrations are found during processing of stared beets ITablc 6-6. See 
also (40)l. In northern beet growing areas ralfinose and kestose are also present in 
the juices. They show a considerable increase during the long beet storage 
customary in these areas. It is not unusual. especially during the later part of the 
campaigns, to find rafinose and kestose contents of 4.096 and 2.0% respectively, in 
the molasses, which corresponds tu a concentration of 0.2% and 0.1% in the diffu- 
sion juice. The presence of these optically-active components makes the purity 
determinations in the diffusion juice very unreliable. 

Tablc 6 4  Inrrrl, % on Solids i n  DiBurion Juice, Weekly Averages, Mliclligan Sugar Co. 

1966 1967 

October ............................ 0 . ~ 8 ,  0.66. 0.78, 0.61 0.53. 0.76. 0.75 - 
Nmeinbcr . . .~~~ ~~~~~~~.......... 0.78. 1.10. 1.06 - 0.77. 0.70, 0.71, 0.75 
Decemller ........ ~~~~~~~ ........... 1.14. 1.32, 1.08, 170 0.97, 1 . ~ 3 ,  1.62, 2.11 
Janu:ar! .............................. IGG, 1.30, 1.63 1.50. 1.35. 1 . 4 i .  1.64 

The Equipment of Diffusion 

The Battery 
Far almost 100 years the Robert battery had been the principal diffuser to 

extract sugar from the beet, before its replacement by continuous diffusers. 
developed to success during the last 20 years. 

The Robert battery is usually made of I I to 14 identical cells, which are 
arranged in straight lines, or in a circle. Each cell is fitted with a thermometer, 
pressure gauge, heater (calorizator), water valve, circulation valve. and juice valve. 
E x h  XI! ha; c ?:pacity ;ff;;m 5 ti. 6.5 tans d d i c c d  beets, de-pending upon & i r c  

and the degree of packing. For identification purposes, the cells are numbered 1 to 
14. Operationally, in the circulation series, the last cell filled with cossettes and 
from which the diffusion juice is drawn is considered to be the first or head cell. 
Juice circulates through the cell from top to bottom, the cossette~ being retained by 
the Screens at the bottom. Chains are hung within the cell to bear part ofthe weight 
of the cossettcs and to prevent them from packing too tightly in the bottom against 
the screen. 

The cells are connected together in a series, as shown in Figure 6.7.  s o  that the 
water pumped into the tail cell will pass through the circulating cells in turn, to be 
drawn off from the head cell. Eleven of the 14 cells usually are in active diffusion. 
far one of the cells is either "drawing off '  or "juicing up," another cell is 
"washing," and the third cell is "filling." "Washing" means that the cell is being 
hosed out with high pressure water in preparation to being filled with fresh cos- 
settes. "Juicing up," "coming up," or "diffusing" means that the cell filled with 
fresh cassettes is also being filled with juice from the previous "first" cell. A cell 
freshly filled with cassettes is filled with the juice from the bottom up to expel air. 
When this cell is full ofjuice. the direction of the juice flow through it is reversed, so 
that the already enriched juice remverses the cossettes it has just passed through. This 
reversal of direction represents both a loss in time and extraction, since a richer juice 
comes in contact with the cassettes in the bottom of the cell and thus gives up some 
of its sugar by reverse diffusion. 

~ ~- ~ 
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Normal flow in the cells is from tap to bottom. chiefly for mechanical reasons. 
since a large lop door with adequate screen area would be very difficult to handle. It 
has also been noted that small pieces of cassettes tend to float and would probably 
plug upper screens if the flow were from bottom to top. 

The advantages of this hatch-type diffuser come from the fact that the cells are 
sealed off from air, thus reducing corrosion to equipment, and that the periodic 
emplying and cleaning reduce bacterial activity. Its chief disadvantages are the high 
labor requirements and the loss of sugar in pulp water. 

The cells in a circular battery are filled with cassettes from a revolvable chute 
which can be swung from cell to cell; in a straight-line battery they are filled from a 
belt, or drag conveyor. 

After a cell has become successively first, second, etc. and essentially all the 
sugar has been extracted from its cassettes, it is cut off from the series and its con- 
tents dumped into a pit common to all the cells. The pulp water it contains is 
dumped with the pulp, so that with this type of battery lhere are losses of sugar in 
pulp water as well as in pulp. In operating the battery, the cell temperatures are 
carefully controlled. The juice is heated between cells by the calorizators or by 
direct steam injection. Equally important is uniformity of draw, with high losses as 
the penalty for irregularity. Gas formation frequently occurs with dirty beets, from 
microorganisms carried in with the soil. Defective valves may cause many battery 
troubles. Leaking water valves dilute the juices, while leaking cell doors are fre- 
quently responsible for many so-called "unknown" battery losses, and increase the 
diffusion lass in factories returning pulp water to the batteries. 



Typical analyses (30) of juice samples taken from the individual cells of an 
operating battery show that the purity of the juice i n  the first six cells is fairly com 
stant, bur may drop to values below 50 in the last cell. However, the net effect of 
including this low purity juice is quite small. since the solids content is so low. 
Table 6-7 lists these data. Note ihai about half the sugar is extracted in the first cell. 

Table 0.7 J u k c  Clisrarkririicr viilii~i Individt8rl Kohrri 1 1 ~ ~ ~ ~ ~  ~ ~ l l ~  

Tennp. crams sugar Crrmr Solids Parity Crmula t i ,~  7; 
Cell Bo. T per 100 1111. per 100 m1. E x i r a ~ l ~ c l  

I 81 19.92 16.55 81.1 49.6 
2 85 7.01 8.32 84.3 63.0 
3 85 5.1.: 6.16 B W  72.3 
4 83 3.85 4.62 83.3 80.i 
5 79 e.@ 3.28 82.0 87.9 
6 59 1.69 2.07 81.6 92.5 
7 70 1.114 I..% 71.1; 95.7 
8 54 0.60 0.78 76.9 98.9 
9 55 n.16 0,2!1 55.2 09.8 

in 54 0.03 0.14 23.1; 100.0 

Continuous Diffusers 
T h e  Berg=' Continuous Diffuser. The  continuous diffuser designed by 

Julien Berg< is one of the earlier successful types of continuous diffusers. I t  is a 
large revolving drum. separated into "cells" by a helix attached to the interior sur- 
face. As the drum with its helix revolves. the juice, which stays at the bottom, is 
transported from the tail end to the head end. Thus the cell actually moves, but it is 
more convenient 10 consider the cell as the location of one turn of the drum. If the 
I C ~ P W  hss ?I3 w m s ,  ?D rvnliitinns nf the drnm arc rrquirerl to move the juice from 
one end i o  the other, and h e  diffuser is considered 10 have 30 cells. Fixed to the 
cylinder are grids, which, revolving with the drum. sweep the cassettes up until they 
slide off and fall into the next cell. Thus the cmsettes and juice travel in contrary 
directions through the cylinder. The action of the diffuser is shown in Figure 6.8a. 
A considerable amount of literature exists concerning this apparatus (5,8,12,42,50). 

iigum 68. a) f low of c a y t t c 1  CJ and juice (....) through a cdl.typc continuous diffuur. h) Plan 
for using ~-oarram,of ju ireng . inr ,oncaf~auua  
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T h e  R.T.Smet Continoua Diffuser (7.56). See Figure 6.9. This is a develop 
ment of the Berg6 diffuser, which is changed to a double helix, or d o u b l e - h a d e d  
screw, each screw having twice the pitch of the single helix screw. The grids on the 
R.T. diffusers are basket-shaped and offer a large filtering area. The apparatus is so 
arranged that the water introduced into the tail end of the drum will reach the other 
end of the drum after a number of revolutions equal to half the number of compart- 
ments along the bottom of the drum. The C O S S C ~ ~ ~ S  again travel in a countercurrent 
direction, but at half the rate of the juice. The action of this diffuser is shown in 
Figure 6-8b. The shorter juice retention time is said to decrease sugar loss from 
fermentation and bacterial action. A diffuser with a nominal capacity of 2700 tons 
per day has the following dimensions: the scalding t ank  is 11  ft long, 3 ft wide and 
slopes toward the 22 in. diameter scalding pipe; the drum, driven by a 60 hp 
motor, is 89 It long with a diameter of 17 ft, and contains 27 compartments. Its nor- 
mal rotating speed is 25 rph, and can be varied from 18 to 27 rph. 

CENTE 
PLhT 

M U T E  

-JUICE 

L C E N T E R  PLATE 

Figure 69.  Explanatory drawings of the R.T.Smct continuou, diffuacr 

The diameter of the drum is enlarged at the casette inlet side. The enlarged 
shell is perforated and rotates inside a fixed head. which is not connected with the 
drum. The cassettes are flushed through the scalding pipe into the mobile head. 
Two grids are mounted inside this mobile head and carry the C O S S ~ ~ ~ C S  into the 
drum with each turn. Scalding juice, together with juice from the diffuser, flows 
through the perforated head into the circulating juice tank. Fresh water is intro- 
duced through the hollow shaft into the second compartment and pulp press water 
is added to the fourth compartment, counting from the tail end. Diffusionjuice, cor- 
responding to the draft. is pumped from the circulating juice tank to the process. 
The remaining juice is heated and used for scalding and flushing the cassettes to the 
diffuser. As there are no moving parts inside the drum. most mechanical repairs can 
be carried out without emptying the drum. Recirculation in this t p e  of diffuser is 
minimal, since there is no mixing other than that caused by the sliding of the cos- 
Settes and juice along the hottom, the carryback afjuice adhering to the drained pulp, 
and the juice wetting the walls. The desired temperature in the drum is provided by 
the heat introduced with the cassettes and the supply water. Additional heat C M  be 

i 1 



obtained by injecting steam into the drum. The positive and controllable movement 
of the cassettes and juice make this diffuser extremely adaptable to varying rates of 
slice. 

In 1969, a modified design of the R.T. drum diffuser, the R.T.-4,was first 
installed in a French factory. The  redesigned internal structure produces a more 
continuous movement of the cossettes during the rotation of the drum. The  capacity 
of the new drum is larger and the retention times ofjuice and cnssettes are shorter 
(17a, 17b). 

T h e  Silver Continuous Diffusers (53) 
Chain-Type. The first Silver continuous diffuser, called the "chain-type," 

consists of a series of U-shaped cells about 2 ft wide and 12 ft deep, and 21 in 
number. The cells, in effect, form a long bent tube, rectangular in cross section, 
which douhles back on itself to form two tiers, one ahove the other. Threaded 
throuzh the cells are two large drag chains, running over sprockets. held about I 2  ft 
apart by perforated steel-plate flights spaced at 20 in. intervals as shown in Figure 
6.10. Overall dimensions of the 21-cell unit are: length about 77 ft; width about 24 
It: height about 30 ft. To reducc chain stress, the drag is driven at a number of 
points by individual motors. Each cell is set several inches higher than its 
predecessor. so that the juice may flaw through the cells by gravity. Cossettes are 
fed into the diffuser at one end of the lower tier and are carried by the drag through 
the entire length of the diffuser and then discharged as pulp. The cells are so con- 
nected that juice and cossettes move concurrently within each cell, but countercur- 
rently from cell to cell. Each cell is equipped at its outlet side with a slotted revolv- 
ing cylindrical brass strainer. through which the juice passes on its way to the next 
cell. This strainer is continuously cleaned. The first three or four cells are steam- 
jacketed and are also equipped far direct steam injection into the tops of the corn- 
partments. 

-JUICE IN 

Figure 610.  Diagram of Silrcr 
t y p e  rontinuou. diffuwr. 

chrin- 

JUICE SCREEN - -- COSSETTES 

Far alteration of capacity and adjustment of cell f i l l ,  the alternating current 
motors driving the drag chains can be varied in speed, since the entire diffuser is 
powered by a variable-frequency, motor-generator unit. The supply water is propor- 
tioned by a llow-rate controller which is actuated by a continuous scale, weighing 
the cassettes into the diffuser. The  ratio of supply water to beets can be varied by 
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the operator to compensate for the difference in the diffusion rates of different 
cossettes. I t  is necessary that the desired rate of slice k held as constant as possible 
to prevent continual adjustment of diffuser speed and possible flooding of the bat- 
tery. The motors driving the drag, conveyors, and slicers are frequently electrically 
interlocked. so that when one stalls, all upstream are automatically shut off. In 
1969 there were 10 chain-type units in operation in North America. 

Scroll-Types. Another type of continuous diffuser manufactured by the Silver 
Engineering Works, Inc. is the scroll-type, in which the cossettes are pushed 
through tank-type cells by large scrolls, concurrent with the juice, while operation is 
countercurrent from cell to cell, as in the chain-type. Cossettes are transferred 
between cells by a "beetwheel" type of lift. These two diffusers were the first suc- 
cessful installations in this country. 

The SiluerD.d,S. Slope Dfluruscr. This diffuser is the most widely used in this 
country, there k i n g  at least 35 units in operation in 1969. Its d e s i p  is based on the 
original Danish Sugar Corporation construction. which was changed by Silver (52) 
to suit conditions in this country. 

Figurn 611s. h k i n g  into s Silver Dd.S Figure 6 l l b  End view of Silver D.dS. dope 
slope diffuur. Scroll ~ I ~ r n e n U  with screm. diffuser. shoring stationary breaker bars. 
(Courtrq, Silwr Enpwmhs W o r h  IN.) (Cmrmy, Hlvrr €n#'N"'"g works, I%.) 

Two scrolls with two or three intermeshing flights each move the cassettes 
upwards through a trough which is inclined I I to the horizontal. The flights of 
these scrolls consist of aluminum screens bolted to steel frames which are welded to 
a hollow shaft. The multiple flights are interrupted at intervals of about 20". At  
these puints breaker bars are installed to loosen the pulp and to insure enough 
porosity for the extracting liquid to pass countercurrent through the cossettes. 

Figure 6-1 2 is a typical flow diagram of the Silver slope diffuser. At the low 
end of the diffuser the cossettes are forced below the juice level by a double scroll. 
Fresh water and pulp press water are added to the top end and percolate through 
the moving cossette bed tu the lower end of the diffuser. Screens at this end separate 
the juice from the freshly introduced cassettes. At the top end of the trough, the 
exhausted pulp is forced upwards and is removed by horizontal double scrolls to the 
rides of the diffuser. 

The first D.d.S. diffusers were open at the top, and cover was provided 
through large hinged doors equipped with counterweights. The newer models were 
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figum 612b. Gntrol  diagram for a 
Silver D.d.S. s l o p  diffuur. (coyrtIIy) 
Sll- Ets@memiw Work,, I=.) 

completely enclosed and the inside can he viewed through a number of Plexiglas 
windows. 

The juice and cossette mixture is heated by steam jackets, which are arranged 
in sections and which cover more than half of the circumference of the trough. The 
diNusion juice draft is regulated through the addition of supply water which is con. 
trolled by the slice rate. The juice level at the cossette end is kept constant by a level 
controller. 

Table 6-8 shows the dimensions of available D.d.S. diNusers. 

~ a b k  6.8 ~ i m e n s i n n s  of silver n.d.s. slope niffllscrr 

Nominal Capacity. 
,0115 1IL.l day 1600 2000 2,500 3200 4000 5000 
Height 2c.3" 27 .  Y 28'. 4" 2y. v ~ I , . I V  35,.1~ 

1.cngt1, 6 w . y  7~7.11" 12,. o). 7 y .  v 7 y .  1.1 87,. 4" 
hlain Scroll l>i:mctCv 8V 9V 1OY 115" 130" 144" 

Final rpm of miin s~rol l  1.27 .84 -85 .84 .85 .84 

Width IR%W 1q.. y 2r. 6- 23'.1V 27.  v 2v.10- 

Nurntxr of Bights 2 :I 3 3 3 3 

Connected l ip  72.5 75 97.5 145 195 245 
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The 0liver.Morton Continuous Diffuser (28). This diffuser in some 
respects resembles the scroll-type Silver diffuser. The most important difference is in 
the method of transferring cassettes from cell to cell. Instead of a "beet-wheel" 
lifter, them is in each cell a series of six sets of fingers at the end of and attached to 
the scroll shaft. As the fingers revolve, they lift the cossettes from the cell and then 
pass through a stationary comb of grid bars, which takes the cossettes off the 
fingers. Beyond and adjacent to the transfer mechanism is a screen, covering the full 
end area of the cell, through which the juice flows. The cossettes and juice enter 
each cell at the same end and leave at the other end, hut each is transferred to a dif- 
ferent cell; the cossettes going one way and the juice the other. Thus the flow of 
cossettes is countercurrent to the juice from cell to cell, but concurrent within each 
cell (Figure 6-13), 

CELL W I1 -- CELL NQlO -- 
F i y r c  61% Diagram of two middlccclh of an OIivcrMorlon mnlinuoui diffuurr. 

Each pair of cells has its own driving motor. which cannot be s t a n d  unless all 
the subsqucnt motors are m g .  The scmll speeds can be varied, but are usually 
operated at from 3 to 10 rpm. the s p d s  being adjusted to give the cell fills and 
uniformity of load desired. The cell fill is in the region of 15 to 20 Ibs per cu ft. The 
draft and water.cossette ratio are controlled automatically when desired. In the 
Oliver-Morton several cells are steam-jacketed. so that temperatures over the whole 
diffuser are readily.conmlled. ( S n  Figure 6-14). There are five units in use, all by 
factories of the Spreckels Sugar Company. 

T h e  B.M.A. Tower Diffuser. This diffuser has been developed fmm the 
earlier Hildehrandt diffuser (gee First Edition, p. 165), which consisted of two XI- 
tical cylinders and a thiid connecting horizontal cylinder at the bottom. Each of the 
three cylinders was provided with a perforated scroll to move the cossettcs through 
the cylinders at the desired rate (19). The B.M.A. tower diffuser (Figure 6-15) con- 
sists of a single vertical cylinder. Flights on a hollow conveyor shaft move the cos- 
settes upward. A number of bames are located on the cylinder wall, which are design- 
ed to induce an upward flow of the cossettcs and to prevent the cosscttes from 
rotating with the scroll. The angle to the horizontal of some of the bames can bc j 
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Figure 614. 0livcr.Morton mntinmoys diffuwr at  Chandler, Arizona. (Counyi Speck& Swgm 
ComPonY). 

altered during the operation in order tv increase or decrease the fill of the tower. A 
similar effect is obtained by changing the speed of the conveyor shaft, which is 
usually run  at ahout 0.40 'pm. 

The cossette~ are preheated outside of the diffuser in a cvssette mixer. Two 
des ips  are offered: a concurrent flow mixer and a comhination concwrent and 
countercurrent flow mixer. In the concurrent type the cossettes and the heated cir- 
culating juice enter the mixer at the same place. Diffusion juice-equal to the draft- 
and the cassettes-juice mixture are withdrawn from the opposite end of the mixer. 
The countercurrent mixer consists of a countercurrent and a concurrent flow sec- 
tion. Raw juice is added to the first section, cooled by the cossettes to a temperature 
which ir z h ~ !  I2 "C higher !ban the ccsscttc idct  tcmperaturs, a i d  thcir willdrawn 
from the cossette inlet end. The preheated c m ~ e t t e ~  enter the cvncurrent mixing sec- 
tiuri at 65 "C and they are heated further by the circulating juice and then pumped 
into the hottam section of the tower. 

The exhausted pulp is carried out of the diffuser by two scroll conveyors. 
Fresh water is introduced into the top row of the fixed bames, approximately 2 ft 
below the pulp scrolls. Pulp press water is added through the third row of baffles 
from the top. 

f igurc 615. Flow diagram of a BMA tower diffuacr. a) Corwttc belt; b) C a r m  acaldcr; r) Circuhf- 
ingjuice h u m :  d) Sand catcher; e) Diffusion tower; fJ Pulp p r w  water; g) Supply waicr: h) Cirrulat. 
ingpicepump;  i )Caurtc  pump; k)Diff",i~"jui..pump. 
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The circulating juice, which is withdrawn from the diffuser through the hot-. 
tom and side screens, passes a sand catcher before it is pumped through a heater 
into the cassette mixer. The bottom screens are kept clean by scrapers, which are 
hinged to the lower flights of the conveyor. 

Diffuser sizes and capacities are given in Table 6-9. The height can be increas- 
ed by adding additional sections with corresponding increase in capacity. 

Table 6-9 Dimemions 01 Standard BMA Tower Dilfunerr 

Nominal Tower E f f C C l i Y I  
diameter diffurinn leneth 

1100 
I320 
1485 
1650 
1815 
1980 
2090 
2200 

2750 
2420 

3080 
3300 
3850 
4400 
4950 
5500 

1w - IV 
1 I' . 10'' 
IT - v 
1 3 ' - 6  
1Y.Y 
1 4 ' - 5 , '  
14' - Y' 
15' - I" 
I(?. I" 
l i ' .  1.. 
17 ' -Y '  
I n  - I" 
l V . V  
2w. 8" 
21' .4"  
2T.  4"  

T h e  Buckau-Wolf Tower Diffuser. The general appearance and flow 
diagram (Figure 6.16) of this diffuser resemble the B.M.A. diffuser. Important dif- 
ferences are the cossette mixer and the design of the inside of the tower itself. The 
cossette mixer consists of a horizontal cylinder which is separated into a larger scroll 
section and a smaller mixer section. Juice from the bottom screens of the tower 
passes through a sand catcher and two-thirds of its volume is added directly to the 
mixer section and is pumped back to the tower together with the cossettes. The 
remaining tower juice and the circulating juice drawn from the scroll section of the 
mixer is pumped through a heater and then into the bottom of the scroll section. 
Part of the juice bypasses the heater and is fed through a foam destruction device 
into the cossette chute. Juice equal to the required draft is withdrawn from this end 
of the scrall section and pumped to the process. 

The cossette-juice mixture enters the tower through the center shaft and a 
specially designed distributor which travels over the bottom screens. 

The shape of the conveyar flights resembles an aircraft wing and these are 
designed to loosen and to move the cossettes upwards. All the hame plates are 
installed at a fixed angle of 2 2 "  to the horizontal and they are secured to the 
cylinder wall and an inside ring. The exhausted pulp leaves the tower through a 
series of openings which are spaced around the top of the tower. The pulp is col- 
lected in a circular scraper conveyor and sent to a dewatering device. 
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Fresh water is sprayed on top of the cossette column and pulp press water 
enters the tower below the pulp discharge through the rotating flights. Table 6-10 
gives the sizes and capacities of the various Buckau-wolf towers available. I n  1981 
there was one unit in operation in the United States. 

The DeSmet Diffuser. This Belgian diffuser of a rather unusual design has 
been installed in a number of factories in France, Italy, and Spain. A typical flow 
diagram is shown in Figure 6-17. The diffuser consists of a 100-ft-long horizontal 
conveyor screen which moves a 2- to 3~ft-thick layer of cassettes helow a series of 18 
juice distributors from which a curtain ofjuice is sprayed on the cossettes. Thejuice 
distributors are fed from pumps which are arranged in groups of three in one hous- 
ing on a common shaft, and which are driven by one motor. Each pump receives the 
juice from the preceding sloped collecting hopper, which is installed between the 

Table 6-10 Dhenrioru of Standard Buckau-Wolf Tower Diffuwra 

Nominal Tower Effective 
capacity, diameter, dilfasion length, 
tons/day fCrt rcet 

880 Y. I O  35'. 6" 
1525 1 I '  - 6" 39, 
I 5 6 0  IS' - I" 41' - 5" 
1!18O 13' - 1 1 "  56' - IO 
2POU 14' - !Y 5 6 ' - 6  
2650 16. - 5 . .  JV - Y 
Sin0  17' - V 41' . 3" 
3SUO Ir 4 1 ' .  4'' 
m n  19' 4 2 ' .  8" 
4000 19, - 8" 4 2 ' .  8" 
4400 2v .5"  42' - 8" 
4950 21' . v 42' - 8" 
525u 22' . 4 "  4 7 - 8 "  
5900 25' 4Y. 8" 
6050 24' - I "  4 Y - Y  
6M0 2q. I" 4 6 ' - 5 -  
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~, . ~... .... ..~..~~, ~~1 ~, ~ ~ ~~~ ~~ . ,  
acllcfrcdingdrui~.:3)Co~lle belt:4) Juice pumps: 5) J u k c  hcatcrs;6) R&sprr). rasher. 

upper and the lower belt. Floats are located in every hopper to prevent the intrusion 
of air and the excess juice is allowed to overflow into the next hopper. The  cmsettes 
are heated before they arc deposited on the diffuser belt. They pass through an 
inclined trough and are preheated countercurrently with juice from the diffuser. 
The cooled juice is withdrawn from this trough and sent to the process. Heated cir- 
culating juice flumes the cassettes through a specially designed pipe to the diffuser 
belt, where the thickness of the cossette layer can he regulated by an adjustable 
dampening device. 

Fresh water is added to the diffuser above the last hopper and pressed pulp 
water is fed to the cossettm between the third and fifth hopper, where the sugar con- 
centration in the juice is approximately the same as in the pressed pulp water. The 
retention time of the cmsettes can be varied by changing the speed of the conveyor 
belt. The bacterial activity in this diffuser was found to he quite low even under 
adverse conditions (47). 

Figurc618. flowdiagram of Olicrdif- 
furr.  a) C o s t t e  inleg b) Diffusion 
juice o u t l r ~  r) Water i n k q  d) Pulp 
O Y l b t .  



The Olicr Diffuser (34). This French diffuser was one of the first continuous 
diffusers put into service. The diffuser consists of four or six vertical pipes, which 
are connected to each other. Please see Figure 6-18, Perforated steel plates, which 
are attached to endless chains, drag the cossettes through the pipe system. The 
cossettes are fed proportionately to the speed of the transport element. A level dif- 
ference of ahout 36 ft between the diffusion juice outlet and the water inlet is 
required to obtain the necessary hydrostatic head for a juice velocity of 4 fdmin. 
The effective diffusion length is given as 240 ft. which corresponds to a diffusion 
time of 6 0  min. It is also possible to add a scalding tank and then pump the cos. 
settes and recirculated juice into the first column at a point below the juice level. 
The diffuser is jacketed at several points in order to provide the necessary heating, 
which is regulated by temperature controllers. 

T h e  JDiffuser (36,54). This diffuser was designed by the Hungarian Sugar 
Institute, and the first full-sized installation was completed in 1957. The name 
"J"~diffuser was chosen because of its bent rectangular tube, which resembles h e  
letter J. Please see Figure 6-19, The cossettes enter the shorter leg of the diffuser 
and are moved through the tube by a series ofcha inqpe  flights. The flights consist 
of chains, which are hung in a perforated angle iron frame. These frames are attach- 
ed to two endless chains. The use of chain flights in place of perforated flights is 
believed to facilitate the juice flow through the diffuser. The cossettes are scalded ai 
a temperature of 85-87 "C with recirculated and heated juice in the diffuser below 
the juice outlet. The  diffusiori temperamre is kept at 70-72 'C. 

e 

Figure 619. Flow diagram of a J - D i f f u ~ r .  a) 
~ i i e  inlet: h) D i f f u s i o ~ j u i ~ ~ o u d ~ ~  r)Circulaiing 
juice from hcatcr: d) Circulating juice to heater; 
e)P"lpo"de,;~Juiccu.eclu. 

The following operating results were reported with a cossette polarization of 
14.78: sugar loss, 0.183% on beets; draft. 125.9% on beets; time ofdiffusion. 55.8 
rnin.; and Silin number. 21.7 mllOO g. 

In theory the most efficient sugar extraction is obtained by using the counter 
current principle. In practice, very few diffusers are designed for an uninterrupted 

General D i r u u i o n  of Continuous Diffusers 
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The Silver D.d.S. slope and the tower diffusers are designed for a countercur- 
rent flow ofjuice and cossettes through the entire diffusion process. Although baf- 
fling devices are installed in these diffusers to insure a countercurrent movement of 
cosseltes and juice, a certain degree of back-flow and cross-current movement of 
cossettes and juice takes place. The more compact filling of cassettes in these cell- 
less type diffusers demands a better quality of cossette to prevent plugging. 

In cell-type diffusers, the juice and cos~ettes move countercurrently overall. 
but concurrently within each cell. In this case diffusion tends toward equilibrium as 
described in simple theory. After a time (tlN), where t is the time and N is the 
number of cells, the cossettes are continuously removed to the subsequent cell. 
while the juice is continuously removed to the preceding cell. This is shown in 
Figure 6-8a. When the juice and the cmsettes travel concurrently in this way, it is 
probable that the cassettes are subject to  extraction by somewhat less than all the 
juice. since, far example, most of the juice in cell i, at any one instant. probab- 
ly does not ever contact most of the cassettes that are in the cell i - 1 at the same 
instant. This assumed reduction of diffusion contact is partially compensated by the 
greater concentration difference between the cossettes and juice. Recirculation of 
the juice only adds to the loss. Compensation can come from the use of more cells 
or from changing other operational variables. Recirculation cannot be entirely 
eliminated in this type of diffuser, since there is usually agitation within the cells. 
There is also always "carryback" of the juice adhering to the cossettes, when the 
C O S S ~ I L ~ S  are transferred to the next cell. Attempts to further increase the rate ofdif. 
fusion by dividing the juice flow into two streams and passing the streams to alter- 
natc cclls, may hc considered tu reduce contact further: that is, to further remove it 
from a truly cuuntercurrent process, which may again be compensated by a longer 
diffuser. 

Since juice and cossettes are not completely separated by screens when each is 
transferred to its next cell. there is also a recirculation of cmsettes as well as juice. 
The recirculated cassettes are usually the fines that pass through the screens, and 
their amount can be increased unnecessarily by too violent agivation. This can only 
decrease extraction eficiency. since the cossettes. already nearly in equilibrium with 
the juice, are replaced in juice that is to  hecome enriched, so that reverscd diffusion 
may occur. 

The benefits derivcd from agitation in continuous diffusers are from the 
increared contact between pulp and juice, since, i f  the cosscttcs are left undisturbed. 
the surfaces of cmtact between the cosscttcs caniwt act as active diSfusion surfaces. 
Furthcnnore, if the juice is relatively stagnant, there will be a concentration gradient 
within the juicc. which slows down the rate of diffusion. 

Many attempts have been made to evaluate and compare the different diffuser 
systems. In most instances only the diffusion rate. or a multiple of it, h d S  been used. 
Factors such as time. temperature, draft. and sugar losses are usually employed in 
the fwrnulas. Although these operating data are interchangeable in the vilrious for- 
mulas. their s inplar  influence on the entire manuhcturins process should also be 
considered. 

Corrosion appears to he more severe in continuous diffusers than in the batch 
type b a t t e v  Corrosion is usually caused by the action ofacid and oxygen. which is 
acccntuatcd by cmtinuous Sriction or erosinn caused by the movement uf the cos-  
settcs and sand which also prevents the formation o f a  protective oxide film. In some 
instances, erosion caused by sand in pipes, pumps. and in certain areas o f the  dif- 
fuser, is more severe than the normal corrosive action of acid and oxygen. 

I 
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With the installation of new continuous diffusers in the last 20 years, the 
capacity of the factories has b n n  increased without due consideration of the heet 
washing and slicing capacity. At the same time, the complete adoption of 
mechanical harvesting has increased the amount of trash and mud entering the fac- 
tory. Bacterial activity in the dinuser has also b n n  affected. More bacteria am 
introduced with poorly washed beets. and attempts must be made to avoid long 
detention times of juice and cossettes. Some diffusers have very short detention 
times for juice and longer detention times for the cassettes, which will tend to re- 
duce the possibility of a bacterial infection of the juice, but which also will increase 
the pectin content in the juice which is directly related to the time and temperature. 
The cost of steam and the, evaporator capacity will influence the decision as to the 
premium to be paid for an installation capable of giving a lower draft. 

There is no general agreement among sugar technicians as to the sugar yield 
which can be obtained from a more extensive extraction of the pulp. More research 
in this area is desired, especially in regard to the effect of pulp press water return. 

Beet Slicing 
Beet slicing is one opcration which demands the constant attention of the 

operating personnel. Goad cmsettes are necessary for all diffusers to achieve best 
efficiency. Good cossettes should be smooth, of uniform thickness, and with a 
minimum amount of fines and slabs. Such cossettes can only be obtained from well 
maintained slicers, using the appropriate knives, which are carefully sharpened and 
lined up in the slicer. 

The Beet Knife. There are two types of beet knives used today in American 
factories: the splitter knife (Figure 6-21) and the Konigsfelder knife. Both of these 
knives have V-corrugated cutting edges, and the splitter knife has also short. vertical 
splitters on its ridges (Figure 6-20). Each V-groove in bath types of knives is called a 
division. Other knives sometimes used in other countries are the straight-cut knife, 
which cuts whole slices and the side-cut knife, which CUt8 strips. 

The  splitter knife usually has 23. 36, or 46 divisions for a standard length of 
165 mm, which corresponds to a distance of 7.5, 4.5, or 3.6 mm between two 
ridges. The shape and thickness of the cossettes are determined by the number of 
divisions of each knife and its position in the knife block. Two knives, called “A” 
and “B” are available. The “A” knife terminates at both ends with a half V.groove, 
and the “B” knife terminates at one end with a splitter and at the other end with a 
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half V-groove. When only “A” or “B” knives are used and the splitters are per- 
fectly aligned. CossCttes with V-shaped cross-sections are produced. When the align- 
ment is a half.division to one side, caused by setting “A” and “B” knives alter- 
nately in the boxes, cossettes with rectangular cross-sections are produced. 

The Konigsfelder knife usually is designated by the number of ridges on a 
knife of 137 mm width (please see Table 6-1 I ) .  Two knives. called “A” and “B”,  
with ridges staggered by a half-division, are alternately set in knife blacks. This set- 
ting will produce cossettes with a V-groove cross-section. 

Table 6-11 Kdnigrfdder Knirer 

Divisions per IS? mm  if^ I5 17 19 22 24 
Divisions per 165.167 mm Knife I8 21 23 26 29 
Distance between ridges. mm 9 8 7.2 6.2 5.7 

The quality of cassettes depends on the care taken in jointing. routing. filing, 
and setting the knives, and in positioning the set knives in the slicer. Jointing refers 
to grinding the cutting-edge straight by means ofa grinding wheel, to remove worn 
or damaged leading edges in preparation for routing and filing. Routing is the 
removal of cxccss metal in each division to thin the metal before filing. With splitter 
knives. both the V-edge and the splitters are filed to a sharp edge, the former by 
automatically controlled ro ta7  files, and the splitters by right- and left-hand 
fraisers. 

The sharpcning of Konigsfclder knives requires fewer operations, and thus 
less labor is involved. It is advisable to straighten these knives before jointing them 
as only perfectly straight knives can be restored to original condition. Even new 
knives may be too thick to make smooth, long slices, and the routing machine is 
very carefully set, since too thick a knife tends to hrcak the chips oNshort by hend- 
ing them back too much when they leave the knife (Figure 6.22). When routed too 
thin, the edges will break when filed, Splitter knives are commonly routed hack 
ahout I O  mm and Konigsfelder knives about 6 mm from the cutting edge. The cut- 
ting edge is, of course, applied “ e 7  carefully, as dull spots on the edges, known as 
“shiners,” will rupture a great many beet cells and result in ragged cassette SUP 

faces. In addition, dull spots do not cut through trash or fibrous beets, and material 
will hang on the edges and crush the cossettes. Filing the edge too thin weakens it so 
that it may turn back and become dull quickly. 
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T h e  Slicer. The slicer mostly used in the American factories is the rotary. 
drum type known as the Ogden slicer (Figure 6-23) which is a modification of the 
earlier French Maguin slicer. There are usually 8 to 10 knife blocks mounted on the 
rotating drum or "spider." Each knife block holds six knives in three rows. Thus 
one slicer can contain a maximum of 48 or 60 knives. &ets are fed into the interior 
of the drum and the cosscttes are forced through the outside of the drum. A sta- 
tionary bame prevents the beets from riding around with the drum, and is so shaped 
that the beets are I[radually forced out into the knives. The drive usually consists of 
a motor with an aajustabl; speed system and agear-speed reducer which reduces the 
speed down to between 60 and 120 rpm. The capacity of the slicer depends an 
the type of knife. its division and the condition of the knife itself. The use of finer 
knives reduces the capacity of the slicer and increases the power demand for the 
same beet tonnage. The capacity of the slicer is also directly proportional to its 
speed. However, slicing at too high speed will increase the amount of fines. 

Figure 623. Diagram of a Maguin- 
type beet .1ic.r. 

The horizbntal type of slicers (Figure 6-24) are mostly employed in Europe, 
and have almost completely replaced the, drum slicer in some countries. During the 
last few years one of these horizontal slicers, the Putsch, has also been installed in 
four American factories. The newer Putsch models have 2200 mm and 2320 mm 
disks. The 2320 mm disk holds 26 knife blocks with one row of two 200 mm knives 
each, for a total of 52 knives, and the 2200 mm disk holds 22 knife blocks. The 
wider 400 mm knife blocks are preferred over the former narrower blocks as there is 
less danger of plugging the k t  channel above the slicer disk. One apparent disad- 
vantage ofthe horizontal slicers is the nonuniform cutting speed across the radius of 
the disk, which varies from 4.4 to 6.0 mlsec, at 60 'pm for a 2200 disk slicer. The 
movement of the beets is prevented by bame plates which are located at the end of 
each channel. A springloaded door at these places will open under pressure caused 
by stones or other foreign objects. 

The drive of this slicer usually consists of a variable fluid drive or other 
variable motor drive and an elecuo-magnetic clutch. An auxiliary smaller motor is 
provided to turn the slicer at a low speed during knife changing. With this arrange- 
ment it is possible to change knives while the slicer is full and also to move the slicer 
in a forward direction. This prevents small stones or other objects from king 
dislodged and left in the slicer. Only one man is usually rquired for this operation. 
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Knife Setting. In setting beet-slicer knives, the metric system is used, with 
the millimeter as the unit. Thickness gauges are used to set the knives "up" and 
"back." "Up" is the height of the cutting edge above the guide bar, a removable 
flat bar located just ahead of the cutting edge of the knife. Each drum slicer block 
has three bars and, if adjustable, they are known as "rocker bars." Thus, the "up" 
is the height of the knife exposed to the beet. "Back" is the distance from the knife 
edge to the guide bar ahead, and this distance is adjusted according to the condition 
of the bets. In general, the back setting is a minimum necessary to keep the knives 
cleared. Too great a back setting will result in passage of slabs of beets. 

Splitter knives are usually set 2 to 3 mm and Konigsfelder knives 5 to 8 mm 
back. The quality of the beets. especially the amount of fibrous material, and the 
trpe of diffuser generally determine the exact settings within these limits. When slic- 
ing fibrous beets the back setting generally has to be increased. It is then sometimes 
better to joint the splitter knives squarely without the usual 82' angle. Slabs which 
will pass through the increased opening between the plate and the ridges will be 
split. Konigsfelder knives should be jointed at an angle, which reduces clogging of 
the knife edges. 

In drum slicers the knife blocks are so mounted that all the knife edges are ex- 
actly the same distance from the axis of rotation. This is especially important 
when slicing rectangular cossettes with "A" and "B" splitter knives. To assist in 
obtaining precise settings, a knife trammer of some type is used to advantage. Knife 
blocks should be kept as sets for each slicer and each block used only in its 
individual slot. 

To assist in cleaning the knife edges of fibrous material or trash, steam is 
injected tangentially to thc knife edges as the drum turns. Steam pressures of 100 to 
150 psi at the nozzle plate are very effective. 

Cosactte Scales 
continuous weighing of the crsscttes is necessary to control the output of the 

slicers and at the same time to regulate the flow through the diffuser. Please set 
Figure 6-25. An accurate measurement of the weight ofthe cassettes is required for 
general factory accounting. 
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CRlFlCE 

The Mcrrick Weightometer (Figure 6-26), a belt-conveyor scale, has k n  
commonly used in many American factories. The  scale consists of a belt conveyor, 
part of which is connected to a weighing beam, and the measuring and counting 
devices. The vertical movement of the belt is mansmitred to the weighing beam and 
is counterbalanced by a float which is suspended from the beam in a pot filled with 
mercury. Furthermore, the weighing beam is linked to a tilted integrator disk. The 
position of the disk changes with the load on the conveyor belt. A sprocket chain 
drive transmits the horizontal movement of the belt to the integrator. The totalized 
weight of the cassettes is then shown on a counter. The Menick Weightometer is 
also designed to actuate a slice-rate controller and the supply-water controller for 
the diffuser. 

The weightometer must be checked frequently and adjusted ifnecessary. The 
belt is balanced first by running it empty for several circuits. Any gain or loss of 
weight as indicated by the movement of the integrator disk must be corrected by 
turning the knurled nut on the float link clockwise, if there is a loss of weight, and 
counter-clockwise. if there is a gain of weight during one complete turn ofthe belt. 

A roller chain of known length and weight is then placed on the belt center 
and fastened taut at hoth ends to a rigid frame. Equal sections of the chain must 
extend to both sides of the suspended conveyor section. The position of the belt 
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relative to one point ofthc rigid f m c  is marked and thc belt is run for thm circuila 
and then stopped as closcly as possible to the original position. The overmn or 
undeprun of the belt is measured and recorded on the test sheet together with the 
weights shown on the counter before and after the test. An example of one test 
including thc calculation is given in Table 6-12, 

I 
Table 6-12 A Typical Weightometer Test Record 

I 
I (1) Lcneth of COnve~or Delr = 140 f f .  , ,  " 

(2) Calibration Tnt Weight per fmf = .007500 tans 
(3) Weight for one circuit of conveyor = 1.050 funs 

First Trid Second Trial 

No. of Circuits S 3 
OvwUnder Travel -1Y --5" 
Reading After Test 8555.212 8558.356 
Reading Before Tat 8552.060 8555.212 
Registered Weight 3.152 3.144 
CO,Ir.zCtiO" - 4 . 0 0 8  4.m2 
Corrected Weight 3.144 3.146 
True Weight 3.150 3.150 
Difference 4.006 4 . w 4  

I 

Error in % 4 . 1 9  -0.1s 

The error of the weightometer can he corrected by moving the bracket located 
at the lower end of the integrator link. A movement to front as obtained by a full 
turn ofthe lock nuts will cause the integrator to register 1% unit less than before. 
An inward movement will give the same effect in the other direction. It is important 
to weigh the chain and measure the length of the conveyor belt before each cam. 
paign. The weight per unit length of the chain should be ahout the same as the 
average cossette load on the belt. A batch test scale can also be used to check the 
continuous belt weighing system. 
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!I Chapter VI1 

JUICE PURIFICATION, 1. 
Hlstory and Fundamentals 

Historg. 
In their 140 years of progress up  to World War 11, juice purification processes 

have involved few principles that were not well known before 1865. A consideration 
of the essentials of juice purification history may prevent needless replication of 
studies that have already been made. Even a superficial examination ofthe literature 
shows much duplication of work has already occumd, sometimes in multiple 
cycles. 

The development of methods of processing sugar beets has always bxn 
accompanied by a parallel or somewhat delayed development of explanatory theory, 
and most development has been empirical. Since beet-sugar manufacturing enter- 
prises were relatively small indivdual organizations without heavily endowed in- 
stitutes for fundamental research, process research has usually been accomplished 
by the operators themselves, and where small research groups existed, money 
invested rquired quick return and justification. 

Development in Europe. Until well into the 20th century. juice processing 
in America was a reflection ofthat in Europe. although the American philosophy of 
large scale industrial procedures was becoming evident after 1880. 

European factories of the 19th century were of small capacity, mostly 
cooperatives, drawing their beets from relatively small areas, and usually manned 
by the farmers themselves. For example, in 1884 there were 849 factories in France 
and &many alone, and those in Germany averaged about I50 tons daily slice. 
Coming from small areas, the beets processed tended to be quite uniform, and 
consequently the European technologist could tailor the purification process to fit 
the bee&. Since the factories were relatively small, it was not unduly cxpensivc to 
make quipment alterations. A survey of technical advances from 1850 to 1900 lisu 
approximately 7500 references. 

From Achard (2), the student of Andreas Marggraf, in his pioneer factory at 
Cunem, Silesia (1801). first separated extraction and purification into two unit 
operations. Following rasping of the beets and pressing out the juice, the second 
process consisted in precipitating a mass of nitrogenous materials, saponins, and 
other colloids, by acidifying the pressed juice with sulfuric acid to about 3.5 pH, in 
the cold, and then neutralizing with chalk. Achard did not use lime, since he knew 
that lime formed compounds with sucrose. The juice was then clarified with COW'S 

milk, a feature carried over from canejuice processing. 
The Colonies Process. About 1811 the socalled West Indies Colonies 

process for treating cane juice was intmduced for beet juice purification. The 
pressed juice was limed in increments (progressive predefccation) to the "break," 
with milk of lime. about 0.25% CaO on juice. T o  this mixture milk or blood was 
added for clarification, and, after standing, the surface scum was skimmed off, and 
the clear liquid decanted from the settled sludge. The juice was then neutralized 
with sulfuric acid. Carbon dioxide was suggested for this purpose in 1813, hut was 
not actually used until about 1840. The pressed juices actually contained more 

1 

'by R. A. McGinnis 
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impurities than diffusion juice, and as a result the purification achieved by the very 
small amounts of lime used was quite inadequate. Possibly because of the apparent 
visual completeness of precipitation by liming to the break, almost half of the 19th 
century passed before any technologist ventured to use major amounts of lime, 

Thus there was often too little sugar and too much molasses produced. To 
improve this incomplete purification. the use of bone char became common after 
about 1819, and remained an essential part of the juice purification processes until 
1880. 

Dombasle ond Maceration (49). In 1821, the Comte de Domhaale introduced 
his maccrolion process, in which beet slices ‘Is to Ll4 in. thick wcx extracted by 
“successive depletion” with hot water. This was actually diffusion, in open vessels. 
By this extraction, yields of sugar up to 6 or 7% on beets were possible. 

However, the mild purification processes in use could not satisfactorily 
eliminate the additional nonsugars thus extracted, and his maceration process could 
not be used, as presented. 

While the pressed juice does not contain the lcachings of pectins. albumins. 
and other cell materials that are extracted in a diffusion operation, there are in 
pressed juices large molecules which are retained in the pulp in diffusion, and more 
rigorous purification is required, although the greater amount of the lime used is 
required for removal of lime salts by adsorption on calcium carbonate in first 
carbonation. The major advantage of the diffusion process is the more complete 
extraction of sucrose. 

In spite of this. modifications of maceration using the successive depletion 
principle. with cold water and rasped beets. came into considerable use. A typical 
modification was that of Schuzenbach, used at the Wagheusel factory (3). which was 
the world’s largest in 1837. Here the beets were cut into c u b s ,  which were dried 
with hot air for preservation. For maceration, the c u b s  were ground to a powder 
and extracted with acidified water at approximately 120% draft. The maceration 
battcij. was a scrics ofopentopped, agitatoi-eq+ped vessels mountcd in steps. Thc 
liquid was decanted from one vessel to the next. Various ingenious types of 
continuous macerators were devised, which anticipated later continuous diffusers. 
For example, Pellatam had a “levigator,” a 24-compartment trough set on a slant, 
which strongly resembled the R a a b  “rapid” continuous diffuser of the 20th 
century. Martin and Champonnois built a tower macerator in 1847. 

Juice Purification Catcbcs Up. In I840 Schatten and Michaelis (130) first 
used carbon dioxide instead of sulfuric acid for neutralization after liming, an 
innovation which has since been used without question. Sulfurous acid had some 
use from 181 1 on, although for many decades this was regarded as a trade secret. 
Sulfur dioxide gas was not used until very much later, 

Rousseau (101) in 1847 first broke the “pdefecation barrier” and increased 
the amount of lime used up IO 1.5% on juice. He neutralized with one carbonation, 
and obtained a higher degree ofjuice purification than ever before. The end point of 
the one carbonation, however, was difficult to estimate, and a small error could 
produce a juice very difficult to process. 

The f i a l  break in the lime-carbon dioxide purification process came when 
Pcrricr and Possoz (98) in I861 used Cvcn mom l ie-from 2 to 5%-with a double 
carbonation. This was a tmnendous improvement. and by making the f is t  
decantation and Mparation at high alkalinity. where the calcium carbonate has a 
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largc surface available for edsorption of impurities, and the second a deliming 
operation at a low alkalinity. excellent results were obtained. 

Juliur Robrrl(4). an Austrian technologist, introduced the diffusion battery at 
SeeloWitz, Austria. in 1864, and combining it with the process of Penier and 
POSSOZ. instituted the beetjuice purification process that, in essentials, is still in use. 

At this time. many factories wen extracting the k t  juices by rasping, and 

vessels. The extracted juices were usually limed with a relatively small amount, 
clarified with some agent. and the scum removed and the juice decanted from the 
precipitate. The sludges were filtered and desweetened in hag filters. Because of the 
low degree of purification, hone char treatment was essential for reasonable yields 

Thus, with thc presentation of Robcrt's combination process, all of the 
important elements of juice extraction and juice purification were known, if not 
understood. Grinding and slicing of beets, juice extraction by pressing or cenui- 
fuging; solvent purification, precipitation of colloids at either the acid or alkaline 
coagulation points; the use of lime as a purifying agent in predefecation. progrzssive 
predefecation, main defecation, single and double carbonation, clarification with 
physical "sweeping" agents, activated carbon absorbers, and sulfitation. All were 
now a part of the technologist's repertory, and since 1864 the only really new 
principle which has been introduced is ion-exchange purification. While advantages 
of Robcrt's combination were recognized rapidly, full adoption hy the industry 
required almost 30 years. 

The rasping of beets was gradually abandoned as the diffusion process was 
adopted, because flow ofjuice cannot be maintained in diffusers with finely ground 
materials. 

The succeeding 100 years have seen nothing essentially new in extraction 
processes, excepting the conversion of most of the industry to the use of continuous 
extractors, after the design and trial of surprisingly large number of machines, the 
introduction of chemical flocculating and settling aids, and the return of carhona- 
tion sludge to the raw juice. 

Later European Developments. In the period from 1864 to date, the 
attention of technologists has been concentrated on improving the juice purification 
ptocem then introduced. Not only has the method been under direct attack through 
the proposal or trial of no less than 737 different chemical substances for the 
purification of the juice-not counting the adsorbing carbons-according to a list of 
von Lippmann in 1936. hut almost every conceivable variation of the liming- 
carbonation process itself has been considered. So thorough has been this scrutiny, 
that one can be almost certain that any reasonable variation he may be able to devise 
involving k t  juices, lime. and carbon dioxide, will bc found in the earlier 
literature. 

I 
i 

pressing or centrifuging, and other factories by maceration of ground beets in open ' 
of sugar crystals. 

Development in America to World War 11. While up to the 20th century 
the processes used in America were similar to those used in Europe, differences 
began to appear at that time. American factories were larger. and drew more varied 
types of k t s  because of the larger geographical areas served. Thus there has k n  a 
tendency to "freeze" the juice purification process with settings of the variables 
suitable for the average beets encamered. 

In Europe, on the other hand, major attention was given to improvement of 
juice quality and reduction in lime usage. 
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Surplus of molasses in North America led to the application of the Steffen I 
saccharate processes for its &sugaring, which have been datively unused in their 
native Europe. Tbia has involved the use of saccharate milk for defecation, with ita 
own specialized techniques. 

Separation of the sludgc fmm the juice has k e n  an operation that has oftm 
caused delays in production. T p e s  of filters like the Danek, Phillippe. and plate. 
and-frame presses involved high costs for labor and cloth, and were of serious 
concern in the United States due to constant efforts to increase factory capacity. 

Thus advances in filtration marked the start of a second path for American 
technology, and commenced in the first decade with the replacement of the older 
filters with the newly invented Kelly filters for both first and second carbonation. 

Shortly thereafter the Oliver rotary.drum, vacuum filter appeared, with its 
unique ability to filter out solids from a thickened sludge, and to desweeten it with a 
very small amount of water. Several types of vacuum4lter clarifiers were built to 
prethicken the sludgc for the Oliver filter. 

Wide use of these combinations was followed by the immediate acceptance in 
the third decade ofa  process designed by the Dorr Company to permit the use afthe 
tray clarifiers they had developed for the cane industry Fundamentally this is a con- 
tinuous, simulataneous, mild defecation and first carbonation, which will give 
reasonable purification of juices from almost any type of beets. In this proccss, 
calcium carbonate particles M built up as agglomerates offmc crystals surrounding 
bits of coagulated nonsugars. The sludge so formed settles rapidly and filters 
quickly. The use of the new system of continuous carbonation, followed by a tray 
clarifier for sludge wedimentation and juice clarification, with Oliver filters handling 
the underflow, gave a process which drastically cut labor and maintenance costs. 
The savings made with this new process were so attractive. that over two-thirds of 
American factories installed it, disregarding what appeared to be minor disadvan- 
tages. 

Economic factors have, properly, dominated in process design, and these 
iactors must be kept in mind to understand the -sons behind the developments. 
Up to World War 11, important differences between these economic factors were, in 
Europe, the frequently lower labor costs, the higher fuel costs, the necessity of 
leaving sugar in pulp for cattle. and the strong consumer market for incompletely 
refined white sugar. 

Developmenta siucc 1970. Nothing really new has been introduced in the last 
decade into juice purification in North America. Use of chemical settling and 
flocculating aids has become general, as has the return of carbonation sludge to the 
prelimer or raw juice. Processes have tended to firm up into two groups: the 
classical processes, and the Dorr process. While the total number of operating 
factories has decreased about 20% due to the increasingly unfavorable sugar 
market, a numbcr of factories have returned to the Dorr process instead of more 
complex systems. The n u m h r  of “package” processes from Europe has increased. 
There is now one factory which makes only raw sugar. There have k e n  many small 
process changes made to conserve energy, due to the increasing scarcity and high 
costs of fossil fuels. 

There is a tendency to shut down small factories, and increase the capacity of 
others. with an undoubted saving in overhead costs. 

There is also an increased dependency on European technology for new 
developments in juice purification. 
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Finally, the 3 newly constructed factories have all been in the Red River 
valley, in the states of North Dakota and Minnesota. It is remarkable that this area, 
almost ideally suited for sugarbeet culture, should have escaped attention for so 
long. 

Chemical Fundamentals' 

1. Substances Important i n  Juice Purification 
Water. Water comprises 80.85% of the weight of the beets and the juices, and 

can thus pmperly be considered as the solvent, representing 44-47 moles ofXzO per 
kg ofjuice. Its simple and small molecule with large dipole moment, high dielectric 
constant, and the possibility of ionizing both as an acid 

H,O + Hi + OH- + 2 H +  + 0- 
and base. 

H?O + H+ $ H,O+ 

make it an excellent solvent, facilitating hydration by secondary valences and the 
electrical dissociation of the solutes. [Recent studies (57) by relaxation methods 
indicate that the proton or hydrogen ion, and the hydroxide ion, probably exist 
hydrated, with four and three molecules of water, respectively, giving actual 
formulas: water = ( H M O ~ ) ~ :  hydroxide ion = H @ - ;  hydrogen ion = HsOi'J. It 
has a very marked tendency to form cyhotactic structures, or uniform molecular 
patterns in long chains, which may serve to "fill up'' even very fragile large 
molecules, making possible the existence of solutions of colloidal substances, such 
as natural proteins and pectins. 

Its own dissociation constant is rather low, and very markedly affected by 
temperature: 
pKHzO = pOH + pH = 14.92 at O'C, 13.25 at 50'C. and 12.24 at IOO'C 
(Figure 7-1). 
It is for this reason that the pH,  or pK - pOH, is not a good measure of the pOH at 
higher temperatures: for a given pH,  the pOH is smaller. the higher the 
temperature. 

Water is a sufficiently strong acid, 

to influence the dissociation of weak acids and bases, as they are found in beet 
juices, and it must therefore always be considered in the equilibria established. 

'by J. Dedek and Mrs. J. Dcdek [Since this definitive text was written in 
1951, there have been many advances. The editor has tampered with the original as 
little as possible. Supplementary passages have been added for very important new 
work. Smaller advances have been ignored, hut many are discussed in Chapters 
VI11 and IX. Sections on various nonsucmse components have been inserted in 
Chapter 11, where they are noted.] 
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The great excess of water in juices enables it to take part easily in hydration 
reactions, some of which are very important: 

H,O f sucrose --f invert sugar 
H,O + RCONH? + RCOOH + NH, 
H,O + CO, + H,CO, 
H,O + CaO + Ca(OH), 

(4) 
(6) 
(6) 
0 

Lime. (See Chapter XVII) If prepared by the burning or calcination of 
limestone, CaO is amorphous, highly dispersed. having lost 44% of its weight 
without a corresponding loss of volume; colloidal (82), since its solubility depends 
strongly on its method of preparation and the amount of solid phase present (131) 
(see Figurcs 7 ~ 2  and 7-3); and its solutions in sugar can be ultrafiltered (1 IS). 
Though its reaction with water is strungly exothermic, i t  is apparently still ab!: tc 
dissolve in the cold without hydration. and to give more concentrated solutions than 
those prepared from Ca(OH)1. 

Calcium Hydroxide. This is used in the sugar induswy in the form of milk 
of lime-a suspension of Ca(OH)1: in water. Its physical properties depend on the 
conditions of slaking. Like CaO, it first goes into colloidal solution, in which it is 
stabilized by sucrose (76, I 15). Its solubility is therefore not constant, hut it is deter- 
mined by the previous history of the calcium hydroxide, the amount of the solid 
phase present, the temperature, and the concentrations of sucrose and nonsugars. 
Lower temperatures and high concenmations of sucrose and nonsugars increase the 
solubility (66). 
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1 2 3  5 10 I2 14 
X S U C R O S E  IN SOLUTlON 

The influence of temperature is v e 7  mu d. The heating of a cold sugar-lime 
solution. such as a juice defecated at room temperature, thus leads easily to a 
supersaturated solution of calcium hydroxides and a turbidity or precipitate is 
formed, which generally redissolves on cooling. The composition varies greatly 
according to details of procedure, the presence of Ca(OH)1 in the solid phase, and 
other factors (120). Generally more or less sucrose is coprecipitated in the form of 
saccharates, decomposing only slowly. Still more complicated phenomena take 
place if such solutions are carbonated. 

The second dissociation constant of calcium hydroxide indicates that it is but 
a moderately strong base: pK2 = 12.5 (15.80). This is v e 7  important, since the 
concentration of Ca" is greatly decreased even at relatively low pH, whcm the 
dissociation of carbonic acid and sucrose is still v e 7  incomplete. This is another 
example of the many factors lowering the activity of Cat+. 

$a++. There are no methods to determine it rapidly and with a n y  amount 
of precision, even though it is enormously important in physiology. 

In a 17% sugar solution, containing 0.3 to 0.5% CaO, only from 2.8% of the 
total amount of lime exists as Ca" (80). 

Measurement of the pCa" in sugarket juices (14) from thin juice to 
molasses, using Harnapp's electrode. have given extremely low values, varying from 
4 to 9, although the total calcium concentration was far greater. 

The existence of undissociated and wen of ultrafilterable calcium in biological 
liquids such as blood serum and milk is a well known fact (67). Many authors have 
noted the low dissociation constants of calcium salts, especially of weak organic 
acids and amino acids, Calcium salts of a-NHz, or a-hydroxy acids are dissociated 
only 2 to 4%. Amino acids can form chelated, and thus un-ionized, calcium salts. 
Calcium can also form ions according to the equation (86), 

(8) C a t +  + An- e (CaAn)+ 
and even complex anions (68), of which calcium citrate is important in physiological 
chemistry (104). This has even found industrial application in the liberation of 
calcium from cation exchangers, in the form of calcium citrate anion (I 16). When 
electrodialyzing sugar-cane juice (1 1 I). calcium has bcen seen moving to the anode, 
and it has k e n  assumed that it forms a part of the negatively charged colloidal 
complexes. It appears (16) that in this respect, calcium, of all the alkalinecarth 
metals, behaves in this v c 7  differrnt fashion. 
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Carbon Dioxide. Carbon dioxide is produced in the sugar factory and 
applied to carbonation in the gaseous f o m .  Before reacting, it must dissolve in the 
juice. The absorption of carbon dioxide in alkaline solutions is technically 
important, and has k n  repeatedly investigated ( I  10,132). Small bubbles and eni. 
cient agitation of the liquid are favorable for better absorption. With all conditions 
q u a l ,  carbon dioxide dissolves more slowly than ammonia, for example. 

Its solubility depends on the partial pressure ofCO2 in the gaseous phase, the 
temperature, and the chemical composition of the liquid phase. Increasing ionic 
strength lowers its solubility. while the presence of proteins increases it (70). In 
sugar factory practice it is of less importance than i u  rate of reaction. as COz reacts 
immediately with water or the alkalies of the juices. 

Carbon Dioxide + Water. Before carbon dioxide can react with alkalies it 
must become carbonic acid. This v e 7  important reaction of hydration has been 
studied extensively (60,100). 

The hydration of dissolved CO2 proceeds according to two diKemnt 
molecular, and therefore, time reactions: 

CO, + n,o = H ~ C O ,  (9) 
CO, + O H -  = HC0,-  (19 

The first reaction, independent of the pH, is positively catalyzed by ions of 
oxyacids. The second reaction depends strongly on the pH. The total hydration 
velocity can be summarized as in Figure 7.4 (61). It is " e7  interesting to note that 
there is a distinct region of pH where the hydration ofcarbon dioxide proceeds most 
slowly, this pH being close to that of our second carbonation juices. Higher pH 
values have a very strong influence; for example, the velocity changes IO' times, 
when the pH changes from 8 to 13. Figure 7-4 is, of COUTSC, strictly valid only at 
18%. 

Other subslances present influence the hydration velocity. It is technically 
important (44,45) that sucrose in 0.5 molal or 17.2' Brix solution. corresponding to 

0 2 4 6 8 1 0 1 2  14 

DH 
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the approximate density of diffusion juices, slows down the hydration rather 
svongly (Figure 7-5). There is also a distinct effect from the more negative 
constituents of the buffer substances used (IOO), especially on the first hydration 
reaction. 

0.5 I 1.5 2 

The opposite reactions of dehydration are important to the chemistry of 
second carbonation when conducted at the boiling point, a typc of opcration which 
is said to have been much in favor in the European beet-sugar industry, for the 
purpose of eliminating bicarbonates formed in second carbonation. The reverse of 
the first reaction, which takes place in rather strongly acid solutions (pH = 2) is very 
rapid, and it is complete at room temperature in less than one second. The second 
reaction is relatively slow in slightly acid solutions. At a pH of 5.5 it is not complete 
even after 180 seconds (59). This is very important for the effective functioning of 
carbonation at the boiling point, which can be written as 

HC0,- e CO, + O H -  ('1) 

Carbonic Acid. HzCOs is in reality a rather strong acid. It is usually 
considered as a weak one, because it is unable to exist in large concentrations, 
splitting easily into water and carbon dioxide. AI low pH values, say from 0 to 4, 
there is in addition to 99.88% of carbon dioxide, only O.l12% HzCOj (61). It is 
difficult IO determine amounts of this small quantity with sufficient precision, and 
therefore usually only the apparent dissociation coefficients of carbonic acid a x  
reported (69,87). 

(12) 
aHCO; ' a" 

K(CO* + HxCO,) = aco2 + aH,O ; pK = 6.32 at 30% 
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The true dissociation constant is 
aHcoI- ' aH+ ; pK = 3.7 at 20°C KHSO. = 

PH,CO. 

The second dissociation constant is 

; pK = 10.2 at 38°C aC0.- ' aH* 
KHCU- = BHCO,.  

The bicarbonate ion is therefore a very weak acid. and, when calculating ionic 
equilibria, it is necessary to take into account even the dissociation of water. These 
constants are valid only for pure water solutions; the presence of other ions, or 
sucrose, and higher temperatures, influence them strongly. Determinations of the 
values of these constants at high temperatures and in the presence of sucrose are 
badly needed (1 3). 

The second dissociation constant of HzCOs in aqueous solution and in a 15% 
sugar solution with an ionic strength of 0.056 at mom temperature and at 85 "C is 
reponed ( I  1) to have the following values: 

pK HCO; 

S5OC 20oc 
Pure aqueous So~ution .............. 10.25 9.82 
15% sugar solution ...~..~~ .... ~ ....... 9.93 9.G5 

- _. 

It io very surprising to notice that, according to these data, the presence of sucrose 
increases the strength ofcarbonic acid. and thus increases the amount of COS= ions. 
Higher salt concenuatians act in the same way, lowering the value of ~KHco;. 

Higher ionic strength diminishes the activity, particularly of the carbonate ion 
(79). This effect, however, seems quite specific, and sodium salts are reported to act 
distinctly differently than potassium salts (62). 

High temperatures (1 1) such as 85 "C increase the ~KHco;, thus lowering the 
acid strength. This is in contradiction to a number of previous determinations (69) 
which report an increase in strength, or a decrease of the p K ~ c o ;  with increasing 
temperature. If all other conditions are equal, higher p K ~ c o , -  would cause the 
deliming in second carbonation to be less effective. Further determinations are 
necessary. which likewise take account of the influence of proteins, pressure, and 
other factors. 

Nothing is known about the possible effect of the carbonates of ammonia or 
amino acids, which are readily formed when COz and NHn or NHr- groups react. 
Their chemistry is very complex, even in pure aqueous solutions (59). 

Another, perhaps still more important reaction, is the formation of 
alkylcarbonates which seems to take place when alkalies are neutralized by carbonic 
acid in the presence of substances containing alcoholic O H  groups. They have the 

general formula, CO ' OR , where R is the radical of an alcohol, and M is a 

metallic cation. They seem to be primary products which decomposc later, rather 
slowly, into free alcohols and bicarbonates (62,107,108). The presence ofevcn very 
small amounts of alcohols is sufficient to retard the formation of, e.g., calcium 
carbonate (24). Alkylcarhonatcs form colloidal solutions, and amorphous, colloidal 
prccipitatcs (64.96,126) which are difficult to fiter and therefore to analyze. They 

\ OM 
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are known in the beet-sugar industry as “sucrocarhonates,” having first been 
mentioned in 1868, and their use has even been proposed for the desugaring of 
molasses by two French chemists (8). lThe mechanism of sucrocarhonate formation 
has been extensively explored by Duhourg (53)l. I t  is highly probable that sucro- 
carbonates are more or less normal intermediate products in first carbonation, 
especially ofjuices which have been limed at low temperature. The addition of even 
a few drops of an alcoholic solution of phenolphthalein has been reported to lead to 
a marked formation of calcium alkylcarhonates (108). It is possible that they are 
partly responsible far the delayed crystallization of calcium carbonate in second 
carbonation juices, which has hcen assumed to be due to its supersaturation 
(11,26-28). 

Calcium Carbonate. Calcium carbonate is a very important substance, and 
its literature is therefore very extensive (33). 

It exists in at least three modifications: vaterite. calcite, and aragonite. besides 
amorphous and colloidal states. The solubilities are different. The solubility 
product of calcite in pure water has been reported to he from 3 x to 
1.8 x (mol/l)*. The hexahydrate is definitely more soluble. 

The solubility of the amorphous. unstable form is still greater. It is reported 
that it ia freely soluble in alkaline sugar solutions (327). It is, however, doubtful that 
the product was really calcium carbonate. The solubility of calcite strongly 
increases with diminishing particle size (1 13). 

The solubility product of CaC03 in a pure 15% sucrose solution at room 
temperature has heen given ( I  1) as 1.4 x (% CaO)*, or 4.5 x 10-O (mol/l)* and 
at 8 5 ° C  (mol/l)z. Figure 7.6 shows the 
curious increase in solubility at higher COS- concentrations, strongly reminiscent of 
the higher solubility of calcium oxide in the more alkaline CaO-sucrose solutions. 

CSCO,. Figurc O h  IMS) 7 4  ( B d q k L M f i l k ,  Thcalubiliq pralurr B r i i d c h e  of ooQzL 
0 01 0 02 003 0 0 4  

0.75 x I O w 6  (% CaO)*. or 2.4 z 

0 003 

0001 ROOM TLUPERATURE 

‘ ,  
5.- I‘ 

8 -  

co; 19 %COO 

Other salt8 present in the solution have a very distinct, hut also rather 
individual influence on the solubility of calcium carbonate. Generally they increase 
the &p especially if the pH of the solution is altered, as with ammonium salts 

The effects of amino acids and proteins have been studied in F a t  detail, 
owing to their importance in physiology (70). The ionic product (Ca’ )(COS’) in 
blood B- is much greater than in salt solutions of the same ionic smngth. No 

(58,99). 
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calcium carbonate does, however, crystallize, even in contact with solid CaCOs. 
Analogous behavior in second carbonation juices has also been reported (1 1). 

Calcium carbonate thus wry easily forms supersaturated solutions, even in 
second carbonation juices. No calcium carbonate dissolves in blood serum, from 
which Ca" has been removed by oxalate. Ncvertheless blood serum can maintain 
Ca+' in solution which has been added in the form of CaCh. Some similar 
observations have been made in second carbonation juice (25). 

Them is a distinct effect from PO,'., which seems to inhibit the crystallization 
of CaCO, in the blood serum. The stabilization of CaCOs solutions by hexamet.. 
phosphates is well known (77). A precipitate of calcium carbonate does not form in 
solutions of carbonates immediately after the addition of a soluble calcium salt (44). 

Freshly precipitated CaCOs is very often amorphous, and is changed relatively 
slowly into a crystalline form. In one case (59) it was not completed at room 
temperature even after 15 minutes, and the electrical conductivity did not become 
stabilized until 54 minutes of stirring. Analogous. very slow changes have h c n  
observed (19,20,42,81) in suga~l ime solutions to which CO? was added in quan- 
tities insufficient for complete neutralization. The system did not stabilize after wen 
weeks of continuous agitation at ordinary temperatures. 

Calcium carbonate particles in contact with water have a positive electrical 
charge (94), which seems to play an important role even in practical factory 
operations (134). 

I t  can be clearly seen (see Figure 7-7) from the dissociation curves of COS' 
and Ca" which widely overlap, that the zone of existence of CaCO, is rather 
limited, and that there must always be a large part of CaCOs hydrolyzed. 

Figure 7.7. Ionirstion cuvc l  of HGO, and 
CP(OH),. 

Lime + Carbon Dioxide + Sucrose. This system, which might serve as a 
model of carbonation. has been extensively studied (71,129,133) from the very 
beginning of its industrial application. It can readily be surmised from what has 
already been said regarding lime, sucrose, carbonic acid, and calcium carbonate that 
the conditions arc extremely complex, and owing to great experimental difficulties, 
such as in the analysis of the precipitate formed, the system is far from completely 
understood. 

A very instructive picture-simplified but sufficient for a first approach-is 
given by curve 1 of Figure 7-8 (l,l9), 
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of lirne.,"<*o.r 
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If a pure. clear, aqueous, sucrose-lime solution is neutralized with measured 
amounts of carbonic acid, or with any acid forming insoluble calcium salts 
(35,36.63), there is at first a period during which the juice remains clear and 
without apparent change. Samples of these clear solutions show a decrease in 
alkalinity, and an increasing difference between alkalinities at pH = 6 (methyl red). 
These solutions yield precipitates if their alkalinity has been lowered, either by dilu- 
tion with water, or by titration with an acid. The electrical conductivity changes at 
the same time in a very characteristic way, and the polarization drops distinctly (42). 
This all proves that reactions are taking place involving all the solutes; most 
probably the formation of soluble sucrocarbonates. 

After about half the acid necessary to neutralize all the CaO present has been 
added, the second period starts. in which a voluminous precipitate is rapidly 
formed. sometimes preceded by a very marked increase in the viscosity of the solu- 
tion, The alkalinity of the filtrate drops far under what would correspond to the 
quantity of acid added, showing clearly that the precipitate must contain CaO, 
bound otherwise than in the form of CaCOs (81). The polarization indicates a loss 
of sucrose, which must thus also form a part of the solid phase. 

From this point on in the third period, the alkalinity of the filtrate remains on 
the whole constant, though further large quantities of CO2 are bound by the system. 
Instead a f the  initial carbonation "in solution," there is now a carbonation "of the 
precipitate," which must thus continually change in its chemical composition. 

There is, however, an abnormality; i.e.. a temporary increase of alkalinity in 
the liquid, which takes place even though the amount of acid added to the system is 
steadily increased. This curious phenomenon was reported for the first time in 1880 
(1 IZ), and since that time has bccn rediscovered a number of times (1.30,35.36,92). 

These three periods are the more distinct. the higher the alkalinity of  the clear 
solution, and the more rapidly the acid is added. The second period, involving the 
i n s m m e o u s  formation of precipitate, is especially marked (41) if the juice or s o b  
tion contains large amounts of dissolved lime, and if it has b x n  heated during a 
certain time to temperatures in the vicinity of 90-95°C. The precipitate or 
carbonation sludge in such a case contains considerable amounts of sucrose in 
"bound" form, which can be washed out only with great difficulty. 
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The physical condition of the precipitate also undergoes very profound 
changes, and it can only be easily filtered off after the temporary alkalinity 
maximum. Its volume decreases considerably with the decrease in alkalinity. 

It is important to remember that in the short lapse of time represented by an 
actual carbonation, these systems are never in real equilibrium. Therefore, very 
fundamental, and. from the technological point of view, very important changes 
between the liquid and solid phase are steadily proceeding as long as the juice and 
sludge remain in contact. Any increase in retention time before filtration. as in the 
clarifier, or prolonged contact between precipitate and juice as in the filter presses, 
must necessarily lead to important chemical and physical changes. and may affect 
the final results of the juice purification. 

1 
Curve 1 of Figure 7.8 applies particularly in batch carbonation, where juices 

limed in the cold are gassed at high temperatures. The lower the initial alkalinity; 
that is to say, the less the total drop in the alkalinity of the solution during carbona- 
tion. the less apparent are periods I and 2, and the more the changes occurring in 
the third period are reduced. By this is meant the carbonation “of the precipitate,” 
which in this case consists merely of undissolved G O ,  plus the nonsugars 
precipitated with lime in case beet juices are involved. 

2. T h e  Juice Purification Proper 
Fundamental Operations. The literature of juice purification by lime and 

carbonic acid presents a very great number of different processes. To understand 
them and in what respects they differ, a clear picture must be given of the possible 
fundamental operations or reactions between the nonsugars and lime and carbonic 
acid, which inevitably must take place whatever the details of the particular method. 

It is clear that there can be no reaction between lime and the nonsugars or 
between lime and carbonic acid unless the lime is first dissolved in the juice. When 
dissolved, the lime milit immediately start to react with the nonrugars present. Such 
reactions are of two types: 1) leading to the formation of precipitates. and 2) giving 
soluble products. 

Thus. the first fundamental partial operation is the formation of insoluble 
products from nonsugars and lime. With normal juices from healthy beets. these 
reactions require only very small amounts of lime, of the order of 0.2-0.3% CaO on 
juice, and this partial operation is thus called preliming or predefecalion. Its aim is 
to precipitate as fully as possible all nonsugars able to form insoluble products with 
CaO. 

The second partial operation includes those reactions between lime and 
nonsugars, which do not result in insoluble products. A reaction of this type is the 
destruction of invert sugar, or the saponificatior. of amides. These are all molecular, 
organic reactions. requiring appreciable time for their completion. Their velocity, 
completeness, and even the direction in which they proceed, are functions of the 
concenmtion of the lime in solution, and the temperature. They thus take place 
most fully in the completely limed hot juice. This partial operation is called liming 
or defecation, and iu, chief function is in the dcslnrction reactions. 

After the liming, when all the possible reactions between lime and nonsugars 
have taken place, the third fundamental operation is introduced, and it aims to 
pmipitate with carbonic acid the excess of lime added to the juice. It has k e n  
found advisable to carry out this precipitation in at least two steps: first and second 
carbonation. 
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We therefore call this third operation the Jirsf corbonofion. ["Carbonation" 
has universal use in America. Thc longer "carbonatation" is used in England, and 
in America for cane-juice carbonation. being introduced from England.] Its main 
purpose is to precipitate the excess of lime and to bring the alkalinity of the juice to 
a certain low value. of ahout 0.1% CaO. 

The juice, which is normally separated from the precipitate. is now further 
carbonated, not only to eliminate the balance of the lime left after first carbonation. 
hut also to precipitate the Cat'  of the soluble lime salts in the form of calcium 
carbonate. This fourth operation is called second carbonation, and its primary aim 
is the final deliming of the juices. 

These four fundamental operations are not always found distinct and clearly 
separated in the actual factory process. They very often take place simultaneously, 
or are partly suppressed, or even apparently do not take place at all. But in reality 
they are bound to occur, and they must always be looked for when analyzing any 
method. 

Preliming. The precipitates produced in preliming can be divided into ionic 
and colloidal types. 

The first ionic reaction of lime is the neutralization ofacidity. The other ionic 
reactions have been dealt with in the chemistry of acids giving insoluble lime salts 
@. 43). They am commonly quite simple and rapid. taking place as soon as the 
lime dissolves. As the solubility products of these salts are, by definition. rather low, 
no great excess of Ca in the solution is required. Them may be, of course, many 
secondary complications and dificulties in the formation of the solid phase. For 
example, it has been shown that it is better even for these reactions to add lime 
slowly (6), axording to the progressive preliming ofDedek and Vasatko, in order to 
precipitate calcium phosphates at low alkalinities or pH values where the more 
crystalline CaHPO, is formed, and to avoid the bulky, amorphous Cas(PO+)s which 
is formed if the lime is added too quickly. 

Certain other reactions take place in preliming which do not start until there is 
a certain amount of lime in the juice, From Vasatko (122-125) we have some 
knowledge of the precipitation of protein substances. among all the other reactions. 
This second type of precipitation can therefore be called the colloidal reactions. 

The general behavior of protein matter has already been described (pp. 63,64). 
The added lime seems to have two different functions: first. to create a certain pH in 
order to give the protein molecule a suficiently negative charge; and second, to 
form undissociated calcium proteinates of low solubility. The exact mechanism, 
which is not yet known, is of course more complicated and certainly involves also 
purely colloidal functions of the lime, since crystalline CaO prepared from calcium 
nitrate, behaves in a distinctly different way (125). 

This alkaline coagulation seems, according to results of cataphoresis 
experiments (1 24), not to be due to an isoelectric state, as is the case in coagulation 
by acids, There is no doubt that the coagulation is a function of both the OH-  and 
Ca++  concentrations. Conclusive proofs have k n  given (47) that there is no 
constant pH, specific for the proteins in question, which would correspond to the 
maximum precipitation. In juices of similar composition, the amounts of protein 
precipitated are very different, cvcn though different bases have their coagulation 
optimums at the same pH, thus demonstrating the dual function of alkalies 
mentioned above. The precipitation with bivalent cations is far mox cficient than 
by alkali metals. 
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All this results in a very characteristic and peculiarly shaped coagulation CUNe 

I (see Figure 7.9). There is a very distinct maximum for protein precipitation, (a), 
corresponding to a certain "optimum" alkalinity or pH (b). Such a curve is found 
most readily when different increments of lime are added quickly. and all at 
once, to samples of the original diffusion juice. This curve corresponds to M 
equilibrium state. which CM be reached from higher or lower alkalinities. at least 
with monovalent alkalies. It can be smn from this curve that if the maximum 
protein elimination is to bc obtained in the preliming, and if the lime is added "at 
once,'' rapidly, exactly the necessary amount of lime must be used. Even 1 very 
small deviation from this optimum addition results in a far less efficient elimination 
of proteins. In actual factory work. where the composition of the diffusion juice is 
rapidly and consmtly changing, it is practically impossible to ever achieve this 
maximum effect when adding the lime at one time. 

\ =  
\ 

\ 
\ 

ALKALINITY - 
The fact that the manner in which the lime is added to the juice exerts a 

profound influence on the form of the precipitation curve is of considerable 
practical importance, and still further complicates the conditions. When lime is 
added very slowly, a certain stabilization of the precipitates. when formed, takes 
place, which makes it possible to add even a fair excess of lime without losing any of 
the coagulation already accomplished. In Figure 7-9, the curve from the 0 abscissa 
point to "a" is followed, and then instead of pursuing the descending slope ofcurve 
I. line II  is followed, thus maintaining the full effect of preliming. This so-called 
progressive liming of Dedek-Vasatkol is therefore. if carefully executed, fully 
"automatic," requires little chemical control, and makes certain the full effect of 
preliming. The fundamental condition is the slow and progressive increase of 
alkalinity. 

The mechanism is not yet understood completely. Two possible explanations 
have been advanced (2 130). By the slow addition of lime an excessive degree of 
supersaturation is avoided, and therefore the formation of a fine-grained precipitate 

'See refs. ( 5 ,  7, 21, 22, 46. 73. 74, 121) 
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i s  likcwioc avoided, which would rcadily rcdissolvc bccausc of i t s  grcat surface area. 
Thio would also explain why the alkalinity CM hc incrcased niurc rapidly at higher 
tcmpcratures. At thc samc time an ionic exchange bctwecn calcium and thc H, Sa 
and K of the colloidal mirclles i s  allowcd. thus favoring the precipitatinn of the lcor 
ionized and lcso hydrated calcium forms. In runfirmation of t h i s  i t  i s  known that a 
favarablc effcct i s  achicvcd by maintaining for a time a very low alkalinity in which 
Ca(0H)z forms practically only Ca" ions. 

The impmancc of t h i s  particular condition of progrcosivc prcliming waq 
dircuvcred hy Brieghrl-Muller, and called r t o h l ~ a t t o n .  I t  has a very dc5irable effcct 
on the physical qualities of thc prccipitate formed, since i t s  volumc i s  smaller and i t  
can bc scdimcntcd morc rapidly. By this stabili~atinn i t  i s  posrihlc t g n  retard the 
formation of the prertpitate C V C ~  i f  thc alkalinity i s  increased, making i t  possible to 
postponc, or even completcly prevent thc prcctpitation 0 1  proteins and h e r  rolluiils 
in prcliming. I n  such a case. thc protcins recm to be eliminated by adsorption on thc 
calcium carbunarc during f i rs t  carbonation. 

I t  now secms gcncrally acknowledged that the cffcccts of progrcssivc prcliming 
are wry dcsirable. The rulluido. such as proleins and pectins. arc removed as a 
compact precipitate which scttlcs rapidly and filters well. elipcuially i f  tlic preliming 
i s  c-cd uut at trmpcraturcr above 6O0.7ODC. Thio considcrably incrcascg thc 
filterability of thc f i r s t  carhowation sludgc. particularly in batch carhunatiun. 
making possible savings in the total amount of limc uwd, filter area required. and 
owectwatcr. 

Progrootvc preliming i s  an integral pan of romc of thc more recent method, 
of continuous carbonation, such as that of Wiklund (134) and o f  Rrieghcl hlbller 
(IO). In thcrc mcthocls. progrconivc prcliming has been funhcr dcvclnprd. not only 
by the stabilization of Bricghel-Mbllcr, but also. in the Wiklund process b y  the 
return of slightly over-carbonated unfiltered first carbonation ju icc 10 the diffuurion 
Juice Hcrc. the colloidal floc of thc preliming i s  formed in thc prcsencr uf a mincral 
skcletm (48) of rclativel, high specific weight. which sccms not only t o  act in thc 
capacity of secd. hut alsn makes the precipitate heavier and less hydratcd 130). and 
LO increases the velocity of sedimentation, bcsidco cnhancinK agglomcration into 
large scconilary particles ( I34 j. 

lSupplrrnrnr IO PToftrsor Dtdrk'r 1r.d Thc predefccatim prucess evolved in the 
20th ccntury. l a r~c l y  by trial and cmor. Starting ao a single, small lime 
addition patcntcd by Kowalrki and Kozakvwrki (65) in 1901, i t  apparently 
had bncf use. and was then forgnttcn until nntcd by Xachring (95) and was 
then studicd thoroughly by Spenglcr and memhcrs of the Bcrlm Sugar 
Institute, and scparatcly by the Czech Inst i tu te  at Bmo. Thc latter studies led 
to thc abovc dcrrril,cd developments 01 Dedek. 

Sincc 1951. the prccipivation or flocculation ofcolloids in prrl iming has 
k e n  stud~cd hy a nuniber of wmkcrr. DubourK (5'2) rcponctl un flocculation 
with other alkaline materials. and fuund monocalcium saccharate quitc 
effective. H e  also found nu punty increasc rewlting from prcdrfccation Whcn 
prcliming was dune with calcium saccharate. hc notcd (55) that flucculation i$ 
increased hy heatinq after prcliming. Shaposhnikwa ( I  (16) studicd coagulation 
of colloids in the two p H  arear. 2.5-4.5 and 1O.S.1 1.0. In the I i r s t  ryion,  
where the truc isoclectric points exist. neutral micellvs werc found to IR 
formed through adsorption n l  hydrogen inns, whereas in thc alkaline region 
the niicelles arc stabilired by aclrorhecl Ca". 
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Significant microscopic studies were made by Kahn (84) of the structure 
of the colloids coagulated in predefecation. The slu.ige volume was found to 
be 70-80 times larger than the vue  particle volume. The individual particles 
were found to be rods, and the loose configuration indicated a system of 
elongated-rotated ellipsoids. Kalab (78) noted that predefecation sludge settles 
more rapidly when lime rather than calcium saccharate is used as the 
alkalizing agent. Studies made by Dedek (31) which had indicated the 
possibility of iowexchange action of the colloidal micelles, exchanging Cat+ 
from the solution for H’, Na+, or K’ of the proteins and pectins, were not in 
general confirmed by Tibensky (1 14), since he observed a small exchange of 
H‘ ions, but none of Na‘ or K‘.] 

Liming. The  more important destruction reactions which may take place 
during liming are saponification of amides such as glutamine and asparagine into 
the corresponding ammonium salts: 

RCONHi + H i 0  = RCOONHI; 
the decomposition of glucose and fructose into colored and acid products; and the 
formation of oxalic acid from the axalogenic substances. 

Nothing is known of the changes which certainly must occur in proteins and 
pectins, and in the mother substances of coloring matter. The general effect is, 
however, in the direction o fa  repeptization ofthe precipitate already formed. and an 
increase in the degree of dispersion; long-chained molecules probably being split 
into shorter ones. 

These destructions probably result in the formation of some acid products, 
which in the presence of lime must inevitably form lime salts. On the other hand, 
the use of large total amounts of lime will remove many of these lime salts by ad- 
sorption on the large calcium carbonate precipitate in first carbonation. 

The effect on color is, on the whole, very favorable. The resultinR,juiccs are 
“thermostable.” They will stand further heating in the evaporators without 
alteration, a treatment which is relatively milder than that which they have already 
undergone in the energetic liming. 

It is, nevertheless, rather difficult to combine energetic liming with good 
sedimentation and filtration, as all the lime is dissolved, and the heating may easily 
lead to highly supersaturated solutions, tending toward the formation of sucro- 
carbonates and saccharates. 

As the oxalogenic substances have given off their oxalic acid before first 
carbonation, the danger of formation of calcium oxalate deposits is greatly lessened. 

For the achievement of all these effects it is necessary to use an energetic 
liming, 

Mild liming, on the contrary, avoids all of these destructions. It may therefom 
be used without hesitation when processing raw juices which are themselves SUG- 
ciendy thermostable, or with thermolabile juices if other conditions are favorable; 
for example, if all the following processing is mild as with modem evaporators with 
short retention times. simple, rapid, boiling schemes. and nonretuming of syrups. If 
thermolabile juices arc still treated with mild liming, some of the destructive reac- 
tions will occur during the later stages of processing, leading to losses of alkalinity 
and fmally to inversion of sucrose (23), and even to corrosion of the evaporators, as 
well as marked incxase in juice colors. Such juices are. however, low in lime salts. 
and permit the use of first carbonation methods giving excellent filtration velocities. 

(15) 
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If it is desired to achieve the fullest effect of liming and to complete all the 
destruction reactions. as much as possible of the CaO must be put into solution in 
the juice, and it must act as fully as possible, In such a case, large quantities of lime 
must be added, such as 1.5 to 2.5% CaO. with the juice at a low temperature. such 
as 20 to 30 "C, in order that it will go completely into solution. and not remain as 
a suspension of solid CaO or Ca(OH)? in a juice of only slight alkalinity. Such a 
strongly alkaline juice must then be heated to a high temperature, such as 85' to 
95 "C, and kept for 10 to 20 minutes before carbonation. This is what is termed an 
rncrgctic liming. 

In contrast, a mild liming is one in which the destruction reactions are limited 
as far as possible. In this case. the slightly acid diffusion juice is heated. and one of 
the methods of liming and first carbonation used in which the alkalinity is always 
maintained at a rather low value, such as when liming and gassing are simul- 
taneous, as in the Dorr system. Specific local conditions determine which of these 
alternative methods is preferable. 

First Carbonation. The main purpose of this operation is to precipitate the 
excess of lime added during liming, or during the gassing itself, in the form of 
calcium carbonate. It is clear from the previous sections that this is no easy task, 
when the many side reactions which are generally taking place simultaneously are 
considered. T o  make it mote difficult. the precipitated calcium carbonate is used in 
two different ways: namely, as a reagent for the further chemical purification of the 
juice, and as a filter aid. These two uses make opposing demands on the physical 
quality of the precipitate formed. The chemical purification, which seems to be 
mostly due to adsorption, is favored by a high surface area of the precipitated 
calcium carbonate, with which sufficient velocities of sedimentation and filtration 
are hardly compatible. 

It can therefore be stated, in general, that any condition which increases the 
surface of the calcium carbonate precipitate in first carbonation tends to improve 
the chemical purification of the juices, Lime salts and colors are by far the most 
sensitive criteria. At the same time the speeds of sedimentation and filtration are 
lowered, and also very frequently difficulties are observed in the desweetening ofthe 
cakes, due to the coprecipitation of sucrose in the sludges. 

On the other hand, any increase in the size of the calcium carbonate grains 
formed, which is equivalent to a smaller total precipitate surface, lowers the effect of 
chemical purification, but is. of course, favorable both for Sedimentation and 
filtration. 

The physical form of the calcium carbonate precipitate depends first on the 
initial alkalinity before gassing, or better, on the drop in alkalinity during gassing. 
This is clearly seen from Figure 7-8. The greater this drop, and the more suddenly it 
takes place, the more rapidly is the precipitate formed, and the finer, in general, its 
grain, and thus the greater its total surface. 

T o  obtain coarse-grained precipitates, the first precaution is to avoid, as far as 
possible, high supersaturations of calcium carbonate. This means first of all a low 
initial alkalinity, which is identified not only with a low concentration of Ca". but 
also, through the lowered pH, with a limited degree of ionization of the carbonic 
acid to COI=. 

This low initial alkalinity can be secured either by liming a hot juice, in which 
CaO is only slightly soluble; or by using continuous carbonation, where the juice in 
the tanks is kept constantly at a low alkalinity, which is essentially the f id alka- 
linity of fmt carbanation; or by recycling several hundred percent of unfiltered first 
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carbonation juice, which means diluting the limed juice with several volumes of a 
juice of much lower alkalinity; or. finally. by liming and gassing simultaneously. 

preformed CaCO:, particles, bringing into the limed juice a previously formed 
surface of CaCOl on which it can easily crystallize. instead of forming small, new 
nuclei. 

The second most important condition of first Carbonation is its final alkalinity 
or pH. Since the first carbonation sludges still contain particles of the colloidal 
matter precipitated during preliming, or at least by the mechanism of preliming, 
reference to Figure 7-9 shows clearly that ifthe final alkalinity of first carbonation is 
lower than the optimum value for preliming, it is possible that redissolving of these 
particles with resultant juice degradation can take place. This is why Dedek and 
Vasatko have considered the final alkalinity of first Carbonation as, in principle, 
identical with that of preliming. There is not yet sullicicnt experimental evidence, 
however. to be able to judge conclusively to what degree the precipitates formed in a 
correct preliming are really redissolved in low alkalinity juices, It is probable that 
the coagulation under such circumstances is to a degree irreversible, even if onlv a 
slower rate of re-solution is involved. 

Another reaction in overgassing is brought about by the changes in the 
composition ofthe lime precipitate itself-especially its free CaO content. Figure 7-0 
shows how profoundly the precipitate changes as carbonation proceeds. This 
lowering of the "free" CaO content of the muds can strongly affect the chemical 
purification (43). The experiments demonstrated that it is the total alkalinity, to a 
phenolphthalein end point, of the unfiltered and not the filtered first carbonation 
juice, which is correlated with the maximum purification effect. In general terms, 
this means that the free CaO in the sludge plays a definite and important role in 
juice purification, and that any t p e  of carbonation which leads to "neutral" 
sludges of low CaO content must necessarily prove less eficient in juice 
purification, other conditions being equal, 

It seems certain. aithough requiring iunher experirnerrid L U & ~ U & ~ ~ ~ ,  thai 
adsorption of nonsugars, in particular coloring matter, an the first carbonation 
sludge is favored by alkalinities slightly higher than the normal alkalinities of first 
carbonation (0.12 to 0.15% CaO) (9 I ,  109). Any lower value, while the sludge is still 
in contact with the juice, thus involves a freeing of coloring matter, which passes 
back into the juice-another example of the noxious effect of overgassing. The 
alkalinities giving the lowest colored juices, however, are often so very high that 
they cannot be used in factory work, owing to difficulties of sedimentation and 
filtration. 

There are, of COUTSC, some beneficial effects from overgassing. Velocities of 
sedimentation and filtration are accelerated and sludge volume reduced. Such 
sludges do not normally contain any bound sugar, and are therefore easily 
sweetened off. Their greater porosity and lower resistance can, however, lead to a 
less efficient washing. 

A rather interesting phenomenon, caused by overgassing, has been discovered 
by Wiklund (134). The primary sludge particles in such overgasscd, unfiltered first 
carbonation juices easily form large agglomerates. which sediment and filter very 
quickly. Wiklund believes that through overgassing, "acid" calcium pectates are 

The recycling of unfiltered first carbonation juice involves also a "seeding" with \ 

I 
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formed which are negatively charged, and thus attracted to the positively charged 
calcium carbonate crystals. Unfiltered first carbonation juices containing these 
aggregates can be used with great advantage for the seeding of diffusion juices 
before progressive preliming, serving not only as excellent nuclei for the newly 
precipitated colloidal substances, but since the agglomerates are cemented together, 
they can be subjected to even an energetic liming without being again split into the 
smaller primary particles. Through judicious recycling very large particles may be 
built up, with excellent sedimentation and filtration rates, together with the full 
benefits of both preliming and final liming. 

It has been pointed out that very often gassing is so rapid that the precipitate is 
unable to quickly enough adapt itself to the changing alkalinity. Any increased time 
of contact between the juice and the sludges, especially under conditions of high 
temperature and agitation. tends thus to further this adaptation, or to bring about 
further chemical changes in the sludges. It is not possible to tell in advance whether 
these changes will increase or decrease the total chemical effect ofjuice purification. 

At the same time all the very complex aging phenomena, such as recrystal- 
lization, so well known in quantitative analytical chemistry (85), are proceeding, 
accompanied by great changes in the total surface and in the quantity of adsorbed 
nonsugars. These changes mostly diminish the effect of purification. 

If thermolabile first carbonation juices, which did not receive the benefits of 
energetic liming, are kept at high tempcratures for long times in contact with their 
sludges, they necessarily undergo destruction reactions, which are under less 
favorable alkalinity conditions than in an actual final liming, thus giving rise not 
only to lime salts, hut also to relatively large color increases (95). This may explain 
the many contradictory observations concerning the effects of retention of first 
carbonation juices before filtration. 

The greatest change in the equilibrium between sludges and juice takes place 
at the moment of sweetening off. The juice is replaced by hot condensed waters. 
very often containing ammonia and carbonic acid, This is certainly one of the 
reasons that the purity of the sweetwater is often so low, since quite apprrciahle 
amounts of nonsugars-especially lime salts-are repeptized. 

From what has been said, it is clear that, on the whole, the use of high 
temperatures is responsible for many unwanted destruction reactions. This is the 
reason that rapid, lowtemperature processing at one time attracted much attention. 
It has been shown that considerable gains in purity can be obtained by means o f a  
"cold carbonation" (27,43) with measured quantities of COz, and that by the use of 
mild treatment during the whole purification, very low lime salts are obtained even 
with very small amounts of total lime use. These methods, however, can only be 
used in factories where the evaporators. vacuum pans. and crystallizer8 also permit 
rapid, lowtemperature processing. I t  is frequently not appreciated how very 
unstable and chemically delicate are not only the nansugars of beet juices, but even 
sucrose. Rapid processing is therefore always the key to success. 

[Supplemcn; Io Professor Dedrk'r text. The late Prof. Duhourg has 
made extensive studies of the formation of complexes between calcium, 
sucrose, and carbon dioxide, and has reported them in a series of publications 
(51). He postulated the formation of a gel of calcium sucrocarhonates while 
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passing COz through calcium sucrate solutions. These were compounds of 
calcium saccharates and Con', such as 

HO-Suc--O-C:l C:1-0-. . . Suc-0-Cn 

I 
I 

cos 
I I 

I I 
cos CO, 

C;L-O-S~C-OH Ca-O-Sllc-O-C:;l 

or (-Sucrose-O-Ca-CO,-O)" 

Dorfmiiller (50), commenting, doubted if  pure calcium saccharates exist, and 
suggested that the compound obtained is calcium carbonate esters of sucIuse. 
In two other papers, Dubourg further developed his hypothesis (54,56). 
Tomic ( I  17) described work confirming the existence of sucrocarbonates. 
Kohn studied the dynamics of the reactivns of formation of calcium sucro- 
carbonates (83). 

Dedek himself in 1952 (32) reported laboratory tests showing strong 
purification effects (as much as 1.5 purity points increase) from adsorption on 
CaCOl crystal faces in first carbonation. 

That almost all of the lime in first carbonation is present in the form of 
hydroxides was concluded by IrMaitre (89) on the basis of potentiometric 
studies.) 
Second Carbonation. Whereas the manifold aims of first carbonation make 

it difficult to obtain every desired result simultaneously, the chief aim of second 
carbonation is much simpler: the elimination by carbonic acid of all the lime which 
can be precipitated as calcium carbonate. The chemistry of second carbonation is, 
z o t ~ k F ~ s ~ & i u g ,  very compiex. T i e  importance ot electrochemistry in second 
Carbonation has become clear'. 

The fundamental equations may be written as 

CO, + OH- HC0,- (1-5) 
HC0,- Go:;= + H +  (17) 
Go:,= + C a ' i  CaCO, (18) 

(19) 

PO) 

and the corresponding equilibria arc 

aHCO; 
WO,= ' W H -  = K ~ ~ ~ , .  

aco; . % a + *  = Ksp-caco, 

The homogeneous reactions between COz and OH-. Equations (16) and (17). 
will first be considered. As the gassing proceeds, the total amounts of hound c x -  
bonic acid, or COS' and HCOs- are increased, whereas the concentration ofOH-, 
or the pH,  is diminishing. But, with the lowering of the pH there takes place a 
simultaneous shifting ofthe equilibrium between COS= and HCOs- in the direction 
of increase of the bicarbonate ion (see Figure 7.7 and Equation (19) ). At the same 
time the velocity of hydration of CO? to HCOJ- will steadily slow down, as is 
apparent fmm an inspection of Figure 7-4. 

'Scc refs. ( I t .  12, 26. 29. 38-40. 75, 105. 119) 
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'I'hesc two processes; i.c.. the incmav ill the total amount of hound carbonic 
acid on the one hand. and the shifting of the HCOI- COj= equilrbriurn towards the 
bicarbonate region 011 the other. wilC result in a maximum amount of COS'  in a 
solution at a certain pH. This p H  wi l l ,  hence. bc optimum for yecond carbonation, 
allowing reaction (18) 10 proceed funhcrt to thc right. and lcading 10 the elimination 
of the grcatcst amount of Ca" from thc juice. 

I f  the juice i s  gawcd further. thc CO,= conccntration will dccrasc stcadily. 
and thc Ca", which, in accordance wi th  Equation (20) can co.cxist in solution. wi l l  
incrcasc. with a ICPI cficicnt dcliming. 

'Ihc total amount of carbonic acid bound i s  thus a function of thc b o u n t  of 
OH- prcscnt in the juice. 

Thr eficiency nf the dcliniin8. as measured by the quantity uf Ca" left in 
solution, will, howcvcr. dcpend on the ratio bctween thc total amouiits ofCa'* and 
COS;. Other conditions bein e ual. the lower this ratio. he i n o r  coniplctc will be 
the dcliming. and thc less Ca'* 'will remain in thc juice. This follvws from Equation 

Each CaO mulcculc dissolving dunny l iming in the form of Ca(0H)z in the 
juice. yields nnt only i t s  Ca'* hut also the corncoponding number of O H -  iuns 
necessary for i t s  prccipitation by carbonic acid. Some of the Ca(OH,z, howcvcr. 
givcs rise to thc formation of soluble lime salts. The w7 imponant excess of OH- 
which i s  necdcd for the dcliming of h e  Ca- '  uf the soluhle lune salts having no 
cumsponding O H - .  is the "natural alkalinity" of KOH and NaOH formed 
through reactinns giving insoluble lime %dts, and possibly also through mmc ionic 
exchange ('30). The greater this alkalinity. the more cflicient i s  the deliming in 
second carbonation. 

(20). 

Actual conditions in second carbonation juiccg are, hnwcvcr, mnrc 
complicatcd. Thc prcscnce of sucrosc. the total iunic conccntration, and thc 
tcmpcratum have a profound influence on the ionization of HCOs-. The sucrusc 
and al l  the othcr acids prcscnt in thc juicco, water included. take part in the 
cquihbna. and, st r ic t ly  speaking. must hc conridcrcd and addcd to Equations (16) 
and (I?). 

I t  has been shnwn ( I  I Y )  h a t  the Iowcr the pK ofthe acids present in thc form 
of lime salts. the lcrs cficicnt the deliming. other conditions bcing equal (scr Figurc 
7.10). The very important and unpleasant role of sucrosc. which was notcd a 
number of )cars ago (I 19) i s  clearly shuwn in Figurc 7 - 1 1  (12). Even at the 
optimum conccntration of COY=,  i t  rcprcsents. in thc form of saccharate ion mom 
anion equivalents han COS' irwlf. 

Buffer subsmccs prcscnt in the ju ice diminish thc pH due tu the natural 
alkalinity, and thus shift the HCOy- /CO>= cquilibrium to give lower cnnccnm- 
lions of CO,= and cunscqucntly a less cficicnt deliming. I t  was thercforc propooed 
( I  1.12) to usc the socallcd e f l t c h r  alkohnily instcad of h e  narural alkalinity as a 
mca~urc of the possiblc dcliming capacity of a given juice. Natural alkalinity i s  
dc1crmined by titration to  8 pH, wl i i lc  cffcctivc alkalinity IS determined by titration 
10 p H  9.25, which i s  close tu the usual optimum fur sccond c3rbonarion. 

l h e  "cry great influence of natural alkalinity is also h e  reasun why it i s  SO 

important tu avoid unncccssary acid formation in the juicco bcforc second 
carbonation. Thus. a c i d b m i n g  fermentations, such as thosc in thc diffusion 
battery, and the use of sulfur dioxide befor second carbonation, should bc carefully 
avoided. 
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If the natural alkalinity is not sufficient, an artificial one must he added if it is 
desired to delime the juices. The most popular agent is soda ash, which should be 
added, at the latest, at the beginning of second carbonation, Various aspects of its 
use have been discussed several times (29). 

Further important complications are due to the fact (14) that the concentration 
of Ca" ions, which take part in the above listed fundamental reactions of second 
carbonation. is much smaller than the total concentration 01' Ca as determined 
analytically. Several possible forms of un-ionized Ca have already been mentioned 
in earlier sections. 
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The actual deliming is not completed, however, until all the CaCO3 farmed 
has crystallized out. Suffcicnt has been said ahout the peculiarities of this action 
and the facility with which CaCO, forms stable, supersaturated solutions. to show 
that a delayed crystallization may seriously affect the total deliming achieved. 

Sulfur Dioxide, Sulfurous Acid. The use of sulfurous acid for juice 
purification in the beet-sugar industry is very old. It is a far stronger acid than 
H ~ C O J  @KI = 1.7 and pK2 = 7.2 at 25 "C) and can consequently be employed for 
the neutralization of excess alkalinity in juices and syrups. 

Further. it is a well-kuown reducing agent, and can thus serve to decolorize 
juices, by reducing coloring substances to their Icuco-bases. For instance, colored 
decomposition products formed by heating glucose are decolorized by NaHSOJ at a 
pH of 5.5 (90). 

Still more important seems the preventive effect ofeven traces ofSO2 or SOs= 
on many oxidations, described by Moureau as onlioxidoliue catalysis. This may 
explain the undisputably favorable effect of SO2 on evaporator thin juices. 

Sucrose is known to considerably retard the oxidation of SOs= to SO,' 
(72,103,128). Calcium sulfate has been reported (102) as being definitely less 
soluble than calcium sulfite in sugar solutions, and this transformation may, as a 
result. lead to deposits of calcium sulfate in the evaporators. The solubilities are 
influenced further by the concentration of sucrose, the temperature, and the 
presence of other substances, especially ampholytes [amphoteric electrolytes] 
(88,97). I 

Important Aims of Juice Purification 
The chiefaims ofjuice purification, from the mechanical point ofview, are the 

formation of muds which are readily sedimented and filtered. They are relatively 
easily measured with the aid of laboratory sedimentation tests (109.134) and 
measurements of filterability with a microfilter (9,34,37). 

The chemical purification is aimed chiefly at forming juices which permit h e  
production of a high quality white sugar, with a minimum loss of sugar in the 
molasses. It is not easy to determine this by chemical analysis. Owing to the low 
precision and doubtful interpretation of the analytical methods for the deter- 
mination of dry substance and sucrose content in the juices, the determination of 
purities and the calculation of the percent of nonsugars eliminated is rather 
uncertain. Partial determinations, such as total nitrogen, arc of course, inadequate 
to give a full picture of the results achieved and have not found general application. 
No chemical analysis of second carbonation juices can give us at present full 
information as to the quality of white sugar which will eventually be produced from 
it. There is apparently but one reasonably precise correlation between the 103s of 
sugar in molasses and the second Carbonation juice analysis; namely, the relation 
between milliequivalents of K and Na (plus milliatoms Ca) on one side, and the 
millimoles of sucrose, which, iu the final molasses, tend to bear the ratio 1:1 
(9.17,18). 

These are some ofthe reasons why lime salts and colors (135) have become the 
most widely adopted criteria ofthe chemical effect ofjuice purification. They can be 
determined relatively easily. and with a high degree of precision. They are further- 
more extremely sensitive to even small changes in the details ofthe juice purification 
procedure, and to differences in the chemical composition of the initial juices used. 
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Sedimentation and Filtration. Sludges are required which are not easily 
mechanically deformed or compressible, and as little hydrated as possible. Such 
muds can be produced if the following conditions are observed (30): 

I )  The initial diffusion juice must not contain an unnecessarily large amount 
of colloids, especially pectins, which are introduced mostly through excessive heat 
or high pH in the diffuser, which dissolves the marc of the beet. 

2) All useless high degrees of supersaturation of all substances which are 
precipitated during the liming and carbonation should carefully he avoided. This 
means a very slow increase of the alkalinity of the diffusion juice, as in Dedek- 
Vasatko preliming; low alkalinities during the whole juice purification, involving 
liming at high temperatures. recycling as in continuous carbonation, and liming and 
gassing simultaneously as in the Dorr process or in the recent Scandinavian methods 
(IO, 134); and high temperatures to lower [aco,=j. 

3) Graining during carbonation, by recycling unfiltered first carbonation 
juice, or the thickened juice from clarifirrs. 

4) Graining during prcliming, or by the same means as in 3). 
5 )  Over-carbonating and recycling to favor formation of agglomerated 

particles as by Wiklund's method. 
6) Provide for ionic exchange of pectins and proteins into calcium-forms, 

using the stabilization principle of Brieghel~Miiller. 
Colors a n d  Lime Salts. Low color and lime salts can be obtained frequently 

at the price of slower velocities of sedimentation and filtration. They are generally 
favored by: 

1) A thorough progressive preliming. 
2) An energetic final liming. in which large quantities of lime are added to 

cold juice, heating to high temperature over relatively long periods. 
3) A first carbonation precipitate of great adsorbing power, rhus composed of 

small particles, and created through a high initial aikaiinity in first carbonarion arid 
rapid carbonation. 

4) High final alkalinity in first carbonation. 
May it again he emphasized that there are no generally valid rules which 

guarantee the best elfects with every kind of juice, The details of the juice 
purification to be used must be adapted to the character of the juice to be treated. 
This is the most important duty of a good chemist in a sugar factory. 
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Chapter Vlll 

JUICE PURIFICATION, li. 
Technology of Juice Purification' 

Introduction 
In 1930, most of the world's beet-sugar factories were using hatch methods of 

juice purification. In broad outline, the next three decades were noteworthy for the 
conversion to continuous processes, in both Europe and America. At the end of 
World War 11, the majority of the factories in the United States were using con- 
tinuous systems. The process in general use in Europe in 1945, which was the result 
of the labors of Schatten and Michaelis, Rousseau, and Perrier and Possoz, has been 
called the "classic process," with its four elements: preliming. main liming, first  car^ 
honation. and second carbonation. 

Since that time, European technologists have concentrated primarily on 
improvements in preliming. The American industry has continued in its canversion 
to continuous systems of defeco-carbonation, with primary stress on economy of 
labor and materials, and the capability of processing almost any type of sugarbeets. 
Each of the unit processes ofjuice purification making up the classical process will 
be described, with its respcctive advantages and disadvantages, and suggestions will 
he given for its most effective operation. 

Uni t  Operations of Juice Purification 
Preliming 

Amplifying the definition previously given, the purpose of predefccation or 
preliming is to precipitate certain nonsugars, among which are acid anion groups 
with relatively insoluble lime salts such as phosphates and sulfate, proteins and their 
moieties, and colloidal substances which are not adequately rrmoved in main lim- 

Preliming is particularly important in the effective coagulation of proteins. If 
preliming is properly conducted there will be little peptization of the coagulum at 
the high temperature and alkalinity of main liming. 

While the original Spengler preliming took place in one or two tanks, further 
multiplication ofthe number of lime additions was accomplished by adding a tank 
for each addition. Stepwise systems involving one-, three-, or fivestep additions in 
as many tanks have generally been supplanted with "stepless" systems. 

Following the introduction of the multi-stage progressive preliming of Dedek 
and Vasatko, it was shown that even when the lime addition is made in as many as 
seven or eight increments. local over-alkalizations somewhat damage the stability of 
the precipitate. and stepless preliming was introduced. 

Bricghel-Miller Prelimer 
The BriegheL-Miiller unit was the first successful stepless prelimer, and 

predominates in present installations (103). The mathematical relationships for this 
preliming were published by the inventor (13). 

Referring to Figure 8-1. the prelimer consists of a horizontal U-shaped trough, 
separated into six compartments, with vertical cross-partitions which do not extend 
all the way to the hottam of the trough. A shaft extends full-length, to which are 

ing. 

'by R. A. McGinnis 
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attached stirring paddles. These paddles serve only to rotate, and not to propel the 
contents. At the top ofeach compartment is located a deflecting baffle, which can be 
adjusted to form different angles with the direction ofjuice traverse. Diffusion juice 
is introduced at one end, and flows through the unit by gravity, leaving as prelimcd 
juice at tbe other end. The liming agent is introduced at thc juice outlet end, and is 
propelled toward the juice inlet end by the influence of the  baffles. Careful adjust- 
ment of these baffles gives a uniform, stepless increase of lime concentration in the 
juice under treatment, from zero at the one end, to fully limed at the other end. Any 
tendency for undue foam formation is controlled by addition of defoaming agents. 

Other horizontal predefecating units followed. The Polish, Wschowa unit, 
containing six cells. was described in 1960 (69). An East German model was 
patented by Schuster (80) in 196 1 ,  which provided not only for preliming, but con. 
tained an additional cell for a "pH-pause" for stabilization, and three more cells for 
main-liming. A unit which carried the process even farther into defeco-carbonation, 
was patented by Buckau R. Wolf in 1953 (58). A horizontal unit with a relatively 
c3mple:: ayatcrr? ?.r !imixg agent addition nwvl at the Pnliah Goslawice factory (128) 
was patented ongtnally in 1957 by Zagrodski (129). 

Naveau Prelimer. Vertical prcdcfecation units have the considerable 
advantages of occupying little floor space, and involve less foam formation. The 
first successful vertical unit was that of Naveau (63). 

Referring to Figure 8-2, the vertical. cylindrical tank is separated into a 
number of compartments. The plates separating the compartments have openings 
around the central shaft, and around the periphery. Alternate cells contain large 
paddles, which move the juice centrifugally through the peripheral openings into the 
cells immediately above and below. The intervening cells contain small stirring 
arms,  and in these cells the flow ofjuice is centripetal through the openings around 
the central shaft into the cells immediately adjoining. The main juice flow is from 
the point of diffusion juice envy at the top to its outlet at the bottom. The reverse 
flow of lime from bottom IO top is obtained by the centrifugal flows. and the 
amount can be adjusted by the speed of rotation of the paddles, corresponding to 
the adjustment of the bames in the Brieghel-Miiller unit. Thus a steady decrease of 
lime concentration is built u p  between the fully limed juice leaving at the bottom, to 
the diffusion juice entering at the top. 

Following the Naveau. many vertical units appeared. Czech workers 
developed a vertical unit(94) which was installed and tested (95) with results similar 
to those obtained with the Brieghel-Miiller unit, but with no foam formation. In this 
equipment the flows were in the reverse direction from the Naveau, the diffusion 
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juice entering at the bottom and the liming agent at the top, Reverse lime flows were 
obtained by rotating plates with sectors bent up at 30" angles. A Polish patent was 
issued in 1961 for an apparatus consisting of two vertical tanks, each separated into 
eight cells (19). The first tank served as a predefecator, in which the opposing flows 
were obtained by alternating centrifugal and centripetal flows, much as with the 
Naveau equipment. The second tank, operating on the same principle, was to be 
used for main liming. The Kollar predefecators, developed in both vertical and 
horizontal modes in Hungary, apparently operated by means mechanically very 
similar to others already described (105). An East German patent obtained by 
Teschner (89) was for a vertical unit which achieved the liming concentration 
gradient by return of partly limed juices from cells above each individual cell. 

In 1966 a patent was issued to Dubourg (29) for a prelimer made of a series of 
jet ejectors. Each ejector embodied a pressure inlet at one end into which juice was 
pumped, a je t  aspirator inlet at one side for entry of recycled juice, a Venturi tube, 
and an outlet for mixed juice. A proportion of the juice leaving each ejector was 
recycled to the preceding (up-stream) ejector, and the milk of lime or defecation 
juice was aspirated into the last ejector. 

Utah-Idaho Prelimer. In 1966 a vertical prelimer, devised by the Research 
and Development Department of the Utah-Idaho Sugar Company, was installed, 
and its operation has been very successful (121). Referring to Figure 8.3, it consists 
of seven cells, with stirring paddles in each cell to give the juice contents a rotary 
motion. Juice flow is upward, countering the liming agent flow. The metal plates 
separating the cells have a 2 ft diam hole on one side, and on the other a wcdge- 
shaped segment with a 5 2 O  angle has been cut out of the plate and hinged on one 
side, so that it can be slanted up from the plate to form an angle with the horizontal 
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Figure &S. 

plane of the separator. The main juice flow is upward through the circular holes, 
while :he liming flow is downward, the amount depending on the angles of the 
baflles. The unit has the virtue of great simplicity. 

Prelimer O p - i t i o n .  The Amalgamated Sugar Company has made its 
expcrience in prelimer operation available, and the following is based an  this. The 
specific values are to be regarded only as typical, as the precise preferred values will 
vary with the equipment and the materials. The Amalgamated installation uses 
Brieghel-Miiller prelimcrs, and first carbonation sludge recycle. 

Three variables are available for pH gradient adjustment: 1) the setting of the 
dcficc:~: $2: GI czc!: co-par~zxzt neparatcr. 2) chrnm- 0 -  nf - thf pnints nf ,wiry of 
the recycled sludge, and 3) alteration of the liming agent feed addition. Adjustment 
of the amount of lime feed shifts the curve shown in Figure 8-4 vertically up or 
down from a curve established by the first two adjustments. 
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It is essential. on the basis of both theory and practice. that the pH gradient 
through the prclimer be such that sufficient time is given for the flocs to stabilize 
and dehydrate at each point. If the gradient rises tdo rapidly. these operations will 
not be completed, and the result will be the production of excessive foam, and a 
prelimed juice sludge which will haw unsatisfactory settling and filtration 
characteristics. 

Curves of the type A in Figure 8-4 can produce a juice with so much foam, 
and with such inferior handling sludge, that operations are very difficult. A curve of 
type B is a considerable improvement, but best operation is found with curves which 
are concave, as type C .  

The curve shape desired is attained by deflector adjustment, and, if sludge is 
recycled, by changing its point of addition. The juice in which the sludge is recycled 
has a much greater influence on the alkalizing ofthe juice than the solid sludge par- 
ticles. The pH at which the finished juice leaves the prelimer is set at an equivalent 
alkalinity of 0.005% CaO greater than the terminal alkalinity of first carbonation. 

Upsets in prelimer operation can occur from unexpccted variation of several 
different variables. 

1) The lime addition to the last compartment should be automatically 
proportioned to the rate of flow of the entering diffusion juice, so that this does not 
require atlention. Sludge recycle. however, may not be so proportioned. and a 
sudden reduction in the rate of slice without a corresponding reduction in the 
amount of sludge recycled, can form a convex curve of type A, with its consequent 
operating difliculties. 

2) A change in the apparent Brix of the sludge slurry returned, because of the 
greater alkalinity of the juice phase, can abruptly change the curve shape. Thus. 
unusually large amounts of filter sluice water can reduce the Brix and increase the 
alkaline contribution of the recycled sludge. again tending to production of type A 

For its own particular circumstances, Amalgamated has set a maximum pH 
limit of 8.70 for compartment one (pH measured at the operating temperature). and 
a preferred operating region of 8.00 to 8.30 pH for this compartment. Gradient 
curves of type C permit larger pH variations in the individual compartments than 
curves of the A or B type. 

For prelimer operation the following information is considered necessary on a 
continuously recorded basis: beet-slice rate; milk of lime or saccharate milk Brix; 
carbon dioxide gas pressure: the pH or alkalinity of compartments one and six of 
the prelimer; the Brix of the recycled sludge; the prelimer emuent temperature; the 
first carbonation temperature; and the recycled sludge supply tank level. It is 
helpful to have automatic control of the prelimer emuent juice pH or alkalinity 
through the variable liming agent feed rate to compartment six. 

Calcium Carbonate Recycling 
While the origins of the practice of recycling materials from various stages of 

the liming and carbonation process can be traced back into the last century (42,88), 
its intensive study and development in Europe followed shortly after 1945. possibly 
as a result of the success of defeco-carbonation in the United States. There it 
produced easily removed coarse flocs, which were stabilized by adsorbed coatings of 
small calcium carbonate crystals. There followed in Europe a 30-year development 
period, in which stabilization of predcfecation flocs was achieved. There are 
numerous references to studies of recycling of a wide variety of materials to the dlf- 
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fusion juice or to preliming. Among these recycled materials are: over-carbonated 
first carbonation juice’ as in the pioneer Wiklund process; whole, normally 
carbonated first carbonation juice?; under-carbonated first carbonation juice; or 
normally-carbonated first carbonation juice with added lime3; thickened first car- 
bonation sludge‘; second carbonation sludge ( I ) ;  sludge from prelimed juice which 
has k e n  partly carbonated and thickened (127); milk of lime or saccharate milk 
which is partially carbonated ( I  16); juice from the main defecation (69); and 
specially manufactured, pure calcium carbonate crystals (104). 

When predefecation flocs form in the presence of small calcium carbonate 
crystals, with gradual increase of pH over a suficiently long time pcriod, the flacs 
become quite stable, and the agglomerates formed, with their coatings of calcite 
crystals, are much more resistant to chemical damage in main liming, although 
some peptization and juice degradation may still occur. These agglomerates provide 
good bases for further calcium carbonate crystal accumulation in first carbonation. 
Thr final first carbonation precipitate settles rclativcly rapidly in the clarifiers, and 
the mass is porous enough to permit efficient desweetening in the filters. Likewise 
the thesis that the return of carbonation sludge to the raw juice prevents peptization 
by protein degradation products has been shown to be in error (64a, 1 1  Id). 

In material recycling at least five actions are occurring. Calcium carbonate 
crystals are added to the diffusion juice, lime is added which raises its pH, the diffu. 
sion juice is diluted (1 7), the addition raises the juice temperature (24.43), and, from 
another standpoint, “carbonation” (acidification) of the recycled juice is continued 
by the diffusion juice acids. 

As a whole, all of these actions are advantageous for the purposes of 
preliming. However, since the calcium carbonate crystals must be readily sorbed to 
the coagulating flocs, the crystal faces should be clean. Since pure calcium 
carbonate crystals are too expensive for this use, the return of process sludges is 
inevitable. The “overcarbonation” or the lowering of the pH by the diNusion juice 
liberates nonsugars adsorkd on the crystals in carbonation, and the diffusion juice 
is siigintiy degraded. 

Since the adsorptive power of the crystals, per unit weight, is proportional to 
the area of their faces, the crystals should be very small. If cost were not a factor, a 
finely ground, reagent calcium carbonate would be ideal. Next hest, but still too ex- 
pensive, is freshly precipitated calcium carbonate made by partly carbonating the 
liming agent. The next purest calcite, second carbonation sludge, is not available in 
large enough quantities. Thus most factories are forced to use either whole, or 
thickened, first carbonation juice. 

The recycling of under-carhonated first carbonation juice, or defecation juice 
from main liming, constitutes a joint return of liming agent with calcium carbonate. 

A second disadvantage lies in the alteration of detention times which may be 
caused by the recycling of process materials. If the recycling is not accompanied 
with an appreciable increase in the volume of the system in pipes and tanks, any 
individual part of the treated juices will have a proportionally decreased retention 
time in purification. If the volume of the equipment is appreciably increased, the 

’SCc references (17,47,62.63,81.90.96.IO0.101.108,122.123) 
?Sc. references (14.26,46,5~,55,68,81.96,1l3.l 15.1 17.131.133~ 

‘Sc. Rfcxnrct (8.20.22,3l,40,7o.l07.1 14,120) 
’SCC rcfcrcncea ( I  1.23,51,57,132,135) 
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retention period ofthe juice under treatment will be correspondingly increased. The 
net change in detention time resulting from these two factors may explain 
undesirable chemical eNects which have been experienced by certain factories. 
If juices are returned, the amounts should be kept to a minimum, thus 
contraindicating recycling of whole defecation or carbonation juices. 

Prsarbonat ion  
Clean calcium carbonate crystals can be directed into the prelimer by partially 

carbonating the lime in the prelimed juice during the preliming; that is. by applying 
defeco-carbonation in the preliming stage. There is little waste of lime, since the 
lime carbonated has already acted as a purifying or alkalizing agent, perfectly clean 
crystals are obtained with no return of previously adsorbed nonsugars. and there are 
no juices recycled to degrade. This is a part of certain modern juice purification 
systems (53,78.91). Sometimes the prelimed juices are precarbonated, or a 
predefeco-carbonation may supplement or replace preliming. 

Prcliming Sludge Separation 
In spite of good stabilization of the predefecation floc, some damage to it still 

occurs in main liming. The removal of the flacs before defecation improves the 
purification process. although this advantage is not as defii te if defeco-carbonation 
is used instead of main liming. The first carbonation sludge, freed from substances 
which reduce settling and filtration rates, becomes very easy to separate. For exam- 
ple. in the Tasco (The Amalgamated Sugar Company) process, one of two formerly 
used in the United Statcs embodying this separation, the first carbonation sludge 
was removed by hydrocyclones. Volpino ( I  12) found a purity increase of the thin 
juices of 0.6 units as a result of this separation. Olyanska and Zhura (64a) found 
that almost all sludge and juice factors were improved, as well as decreased need for 
lime. Their findings have been confirmed by numerous other authors and 
investigators (65a,20a,59a). However, the advantages of the practice become less as 
the raw juice purity becomes very low (I 14a). 

Claassen (18) noted in 1937 that separated. dried, but not desweetened 
predefecation sludge contained I .65% nitrogen, 4.54% phosphate, 36.7% ash, and 
35% sucrose. Such material has values for animal feeding, but at that time it could 
only be separated by filtering with large amounts of filter aid. Because of the interest 
of Spengler and associates at the Berlin Institute much work was done on its 
removal by continuous centrifugal separators (85,98). In 2 958 a practical process 
was worked out, jointly, by the South German Sugar Company, and the Bergedorf 
Iron Works (39). In this "Sepa process," the predefecation sludge is first thickened 
in clarifiers, and then further dewatered for a total concentration of 2 0  I in solid- 
bowl, continuous centrifugals. The dewatered sludge is then mixed with molasses, 
and made into pellets. 

However, the additional juice detention time required hy the added 
clarification and filtration is undesirable, and the cost ofthe separation equipment is 
quite high and cannot be justified unless there is a good market for the feedstuff. 

Main liming 
As described above @. 171) the advantage of separate main liming, with its 

conditions of high pH,  high temperature, and sulficient time for completion of 
destruction reactions, is that the purified juices are thermostable. The treatment 
received in defecation is more vigorous than any that will follow. Usually the 

I 

1 

i 
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purified juices d o  not noticeably increase in color or lime salu, and will have less 
pH lowering or production of excessive scale in the sugar end. 

European factories were not usually equipped with evaporator systems with 
short jnicc detention times and low pressures, and therefore thermostable juices 
have been required. Following the major improvement made by sludge return to the 
raw juice or to preliming, the chief remaining problem in the union of the good 
juice quality of the classical process with the easily separated, first carbonation 
sludge of defeco-carbonation, was the inclusion of main liming. 

The practicability of main liming depends on the quality of the beets. If the 
beets sliced are degraded, the amount of decomposition products to be removed by 
adsorption in first carbonation may be so great that uneconomically large amounts 
of lime are needed. Thus, beets that cnntain rot from disease, wilt from long 
storage, or that have been frozen and thawed, are best processed by mild defeco- 
carbonation, in which the decomposition reactions are inhibited. but the thermo. 
labile juices produced must k handled with care in the evaporation and 
cryystallization stages. A number of modern "package" juice purification processes 
permit several degrees of intensity of defecation, invariably with plain defeco. 
carbonation as the mildest variant. 

The union of main liming with defeco-carbonation has been accomplished in 
some cases by separating the main liming into mure than one part. each addition 
succeeded by carbonations. Sometimes only a portion of the lime is added alone, the 
balance k i n g  introduced in following single or multiple defeco-carbonations. Alter- 
natively, by careful setting of the chemical and physical variables, satisfactorily 
settling and filtering sludges can be obtained with the essentials of the classical 
process unchanged 

A "rule of thumb" is that the amount of CaO added should approximate the 
weight of nonsusars entering defecation in the diffusion ,juice. With beets of rela- 
tively high purity a ratio of C a O  nonsucroses of less than I is possible, and with 
beets of low purity, ratios as high as 1.2 or more may be required. 

In the past, many factories have added the lime "dry," to the juice. In such 
cases the calcined limestone is crushed into small pieces, which are slaked by the 
juice being defecated, while moved through it by a drag or other mechanical device. 
The relatively slower addition of the lime, resulting from its gradual slaking, pro- 
duces a predefecation effect, which is recognized and found desirable. However, 
higher lime salts are generally produced by dry liming systems (27). 

Considerable cxpcrimentation was done by Carolan and co-workers (16), who 
found that limestone dust can be substituted for about one-third of the lime used in 
defecation without decreasing filtration rates or increasing thin juice lime salts, but 
there is some increase in colors. According to these workers, ifexcess limestone dust 
is used. colors are satisfactory, but filtration of the sludge is slowed. The effect of 
the length of the liming period was investigated by Fedorova and co-workers (30a) 
who found, for example, that an increase of the defecation time from 4-5 min., to 
11-12 min. improved nonsucrose elimination, and lowered thin juice lime salts and 
colors appreciably. Golybin and lvanov (39a), among many others who have studied 
the subject, showed the advantages of cold followed by hot main liming (5 mi". at 
50"C, 10 min. at 80°C). There were betterjuice qualities, improved rates of sludge 
scdimcntation, and faster rates of sucrose crystallization. 
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Defecdarbonat ion  
Simultaneous liming and carbonation. or defeco-carbonation. has had use in 

batch processes. In these cases, the lime is added to the juice at a slow, steady rate, 
and with continuous carbonation, a relatively constant alkalinity or pH is held until 
the lime has all been added, at which time the batch is finished. 

The introduction of continuous defeco-carbonation by the Dorr Company has 
been described @. 157). and the development of methods of operating Dorr defeco- 
carbonation to produce the best possible juice quality was largely the work of 
McGinnis and co-workers (59,83). 

As Dedek has pointed out @. 169) while a defeco-carbonation process, such as 
the Dom process, does not formally contain preliming and main liming steps, 
nevertheless both steps are there, even though in brief. 

When diffusion juice first encounters the limed juice in the primary tank, it is 
subjected to an alkalinity which is correct for the end point of preliming. During the 
short detention time in the primary tank, coagulum formation occurs in the 
presence of fine crystals of calcium carbonate, such as are introduced in the 
preliming step by sludge return or precarbonation. 

The juice then flows from the primary to the secondary tank, and in transit 
receives for a few seconds what is, in essence, a very brief, warm, main liming, when 
the liming agent is introduced. This is terminated on entrance into the lower 
alkalinity of the secondary tank. 

While the elements of preliming and main liming are present in the Dorr 
system, both unit operations are inadequate. The preliming does not involve a 
gradual addition of liming agent over a sufficiently long time, with the result that 
the predefecation coagulum is easily peptized. The main liming is far too short, and 
is not alkaline or hot enough. The result is that the final first carbonation juice 
contains undestroyed invert sugars, incompletely saponified amides, potential 
oxalatae-formers, and still viable thermophilic organisms, which are not present in 
juices which have received correct main liming. In short, juices from Dorr first 
carbonation are thermolabile. 

On the other hand, such a defeco-carbonation system has real advantages. 
Partially as a result of the high juice recirculation rate in first carbonation, and of 
the presence of the small calcite crystals, colloidal llocs which escape peptization, 
build up into well-agglomerated, filled-up structures, which can be filtered out, or 
settled out relatively easily and economically. There is also time for near 
equilibrium to be reached in adsorption of coloring matter and lime salts on the 
crystal faces. Likewise, beets of low purity, especially when degraded by prolonged 
storage, or by freezing and thawing, can be processed with this mild method with a 
minimum of color and lime salts formation in the purification. 

However, as a consequence of the lack of ihermostability of defeco~ 
carbonation process juices, and in order to avoid color and lime salts development, 
ammonia evolution, and falling DH values, the juices must be treated gently in later 
process steps. Essential measures far mild handling are: a short clarifier detention 
time; a short second carbonation duration; a relatively low second carbonation 
temperature (contraindicated for low lime salts); no thin juice boiler; rapid, low- 
temperature evaporation; minimum times in hot crystallization procedures; and 
avoidance of unnecessary sugar-end material recycling, with prolonged detention 
times in additional piping and equipment. 

Figures 8-5 and 8~6 are photomicrographs of typical first carbonation sludge 
particles from a defeco-carbonation and from a hatch process. The larger agglomer- 
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ates in tbe former are clearly seen. 
In spite of its disadvantages, Dorr defeco-carbonation has been found to be 

economically justified in most American factories. The unit operation of simul- 
taneous liming and carbonation has found a place in certain otber processes, 
because of its effectiveness in improving the physical nature of tbe sludge, both in 
preliminary and main purification phases. and because it is easily adaptable as a 
part of a stepwise alkalinity increase pattern. 

Following the awakening of European interest in defeco-carbonation, the 
result of two campaigns during which frost-bitten beets provided severe operating 
difficulties, many studies were recorded. Vasatko, Tibensky, and co-workers 
studied the application of defeco~carbonation to processes using Dedek-Vasatko 
progressive preliming (92,Y3,109-11 I ) .  Similar studies were made by East 
Europeans (25,4Y, 130b). 

Convertible Procewia and Degraded Beets 
As has been noted by Dedek in Chapter VII, "the details of the juice 

purification to be used must be adapted to tbe character of the juice to be treated." 
Obviously, it is possible to adjust the variables in any given juice purification 
process, and to adapt it, to some extent, to the changing nature of the beets being 
processed. Such variables as amount of lime, alkalinity, temperature, soda ash addi- 
tion, and sulfitation, if adjusted intelligently, can go a long way toward remedying 
the effects of poor beets. 
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Pigum 86. Photomicmgrsph 01 firri rnrbonntion slvdgr prcdvred in standard batch sptcm 
c.rbons,ian IWOX. 

If supplcmentary juice purification units such as ion-exchange or activated- 
carbon systems are available, which can be expanded in scope when necessary, 
almost any reasonable beet quality can be acceptable. The operation of these 
supplementary units is expensive, however, and if degraded beets can he processed 
to make goad sugar without such additional expense, through changes in unit 
operations and flows, it is certainly more profitable. 

The wide use in the United States and Canada of defeco-carbonation 
processes which are nearly the ultimate in mildness, enables the factories to process 
beets of almost any type excepting the very worst, and to make juices from which 
saleable sugars can bc extracted. 

The selection of the proper type ofjuice purification to use with beets of low 
quality is a complex problem, involving the particular types of nonsucrose materials 
which are present in excessive amounu in the diffusion juice, the evaporating and 
crystallizing equipment available, the quality of the white sugar required, and the 
costs of lime, of filter aid, and of adsorption-type purification agents needed. 

Low-quality beets can he separated into at least three types: 1) beets which 
have been frozen and thawed, but which have been promptly sliced, and conse- 
quently do not contain much invert; 2) frozen and thawed beets which have been 
permitted to undergo sucrose inversion, or beets degraded in high-temperature 
storage, or diseased or rotted beets; and 3) sound beets of low purity, usually 
containing abnormally large amounts of nitrogen. 

Beets of the first type, which have been frozen and thawed, but which have 
low invert content, yield diffusion juices containing the impurities usually found in 
pressed juices. Such materials are pectic matter, albumens, and fine beet particles. 
These diffusion juices require greater quantities of lime, whether mild or vigorous 
purification is practiced. If main liming is used the decomposition products are not 
unduly troublesome. although additional soda ash is usually required. Filtration of 
h e  purified juices is more difficult, and more filter aid may be needed. 
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Beets of the second type. which contain high amounts of invert sugars, arc 
usually considered best processed by mild processes. as defeco-carbonation. This 
mquires, of course. a gentle handling of the process juices in their passage through 
the evaporators and the sugar end of the factory. 

In certain Western areas of the United States, however, many years of 
xperience with this type of beets has led certain operating firms to the conclusion 
that vigorous defecation is preferable (10,45,61). The use of defeco-carbonation 
with the amounts of lime economically practicable, has given juices containing so 
much coloring matter, coming bath from the decomposition of invert during 
evaporation and from the browning reactions, primarily in the sugar end, that even 
with the use of activated carbon, the production of satisfactory white sugar has 
involved too much remelting. With such vigorous treatment much higher soda ash 
usage is necessary to limit the lime salts and to provide alkali reserve buffer capacity 
for the juices. This is, nevertheless, regarded as a small price to pay, compared with 
the costs of the lrriirltrd white sugar strikes from the high standard liquor colors. 

Representing the opposite point of view, however, other operating firms with 
factories in the same geographical areas have been able to use defeco-carbonation 
satisfactorily. Successful operation of defeco-carbonation cannot be achieved if the 
process is not operated in an optimal manner (see pp. 203-211). This means, 
essentially, smoothing of all the important variables entering into the process, and 
maintenance of the optimum alkalinities in first carbonation required for best juice 
quality. with the use of the necessary settling aids to permit adequate sludge 
thickening. 

Beets of the third type which show no evidence of physical or chemical 
degradation, hut which yield diffusion juices of relatively low purity, are likewise 
commonly encountered in the Pacific Coast states. Such diffusion juices do not 
contain appreciable amounts of invert. hut are high in nitrogenous compounds. 
Processing of these juices requires large quantities of lime. It seems almost out of 
the question to hydrolyze all of the amide-nitrogen, even in a viqorous purification 
process with prolonged main liming. Thus it appears inevitable that steady lowering 
of the p H  values and evolution of ammonia will occur throughout the sugar end. 
To purify such materials the use of large quantities of soda ash seems unavoidable, 
as well as resort to the assistance of activated carbon or ion-exchange purification. 

The question of the selection of mild or vigorous processes for low-purity 
beets must be molved with the particular circumstances at each factory in mind. 
The use of mild defecation may be inadvisable if the periods of time, the 
temperatures, and the p H  environments to which the juices are subjected in the 
evaporation and crystallization procedures are unfavorable. 

In Europe. where the more vigorous defecation processes as well as excellent 
beet quality were the rule, sudden drops in beet quality, due to disease or weather 
conditions, found many factories unable to make adjumnents with sufficient effect. 
The intensive studies that resulted showed that the preferred treatment for badly 
degraded beets should embody: predefecation, either cold, or better, eliminated: 
main liming. cold or better, eliminated; single or multi-stage defeco-carbonation: 
soda ash or phvsphatc addition to second carbonation; and mild treatment through 
the rest of the process. 

Many European factories have equipped their first carbonation tanks with 
lime addition and juice recirculation equipment so that. if necessary, preliming and 
main liming can be omitted, and the process changed to defeco-carbonation. A 
number of the modem “package” processes provide several degrees of defecation 
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intensity, requiring only the changing of a few valves to alter the process. 
Chemical studies made in Europe under the impetus of the degraded beets 

revealed details of interest of the altered character of the juices to he purified. 
Wallenstein (1 19) found that lactic, butyric. and acetic acids increase in degraded 
beets, thus increasing the lime salts in the thin juices. Beckcr (7) found dextran 
formed by Leuconostoc mrsenteroides was a prime cause of difficulty in purifying 
juices from frozen beets, causing foaming. color formation, slow filtration, and 
sucrose losses. Duszynska (30) showed that anaerobic organisms in thawed beets 
decompose polysaccharides, and, to some extent. the albumens and pectins of the 
k e t  cell walls. She found that most of the decomposition products were over 5 000 
in molecular weight. These are not eliminated in juice purification. Increase in the 
juice colloids content of degraded beets was found to amount to from 3 to IO% by 
Orlov (66). Schneider (76) found a levan in degraded beets produced by a rod 
bacterium. He noticed, however, that extraction of pectin was not appreciably 
increased unless considerable beet rot was present. 

I 

A few of the more important studies of process alterations for processing 
d e p d e d  beets should be mentioned. Pavlas (67) reported that in Czechoslovakia 
badly deteriorated beets were successfully processed by elimination of preliming and 
main liming, use of defecwcarbonation in two stages. and return of first carbonation 
sludge to the diffusion juice. Various modifications of juice purification to process 
degraded beets were described by Werner (IZO), Gawrych (32,33). Tibensky (93). 
S t r u k  (87). H e n 7  (41), Zagrodski el 01. (131c,131d) and Kolesnikow el al. (54a). 

Effect of Juice purif icat ion on Certain Specific Nonsucrosea 

Amino Acids 
With normal juice purification, Kuhadinow cf 01. (54b) found that almost all 

amino acids were degraded before the juices reached the evaporators. Thus 70 to 
90% of the glutamine, and 40% of the asparagine were rapidly hydrolyzed. Other 
amino acids were reduced in concentration by adsorption on the CaCOs, or by 
chemical reactions. Decreases in arginine and histidine were due chiefly to the 
Maillard reactions. Aspartic acid was removed by adsorption. 

Innerr Sugars ond Color 
Vukov has reviewed the status of beet juice coloring matters ( I  18h). 

Melanoidins are practically irreversibly adsorbed on the calcium carbonate in juice 
purification. Invert sugar should be largely destroyed. The removal of melanins by 
adsorption is definitely reversible, and is dependent on the alkalinity. Thus 
carbonation may not be continued beyond pOH 3.0. 

The use of lime added to the second carbonation mud, and its return to the 
raw juice enables it to adsorb melanins efficiently from the raw juice. 

Schiweck (73a) called attention to the emectiveness of bleeding air through the 
main and preliming tanks. Good results are frequently obtained. reducing the thin 
juice color by about 15%, using 0.75 Nm3 of airlm’. Assuming color formation in 
juice purification is largely by the Maillard reactions, the results are douhtless due 
to the destruction of invert sugar with its associated carbonyl groups. Zaorska 
(131d) reported excellent results using the process in Poland. There have been 
reports that it is not effective when the defecation process is unusually rigorous. 

Havlova (40a) notes that in normal juice purification, if very high invert 
contents are encountered, it may require main liming of 30 min. duration at 85 ‘C 

I 
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and 12 pH to destroy it. 
Since the Maillard reactions require degraded proteins or amino acids as well 

as carbonyl gruups, Zhura el al. (133a) have pointed out that these protein 
fragments occur to only a slight extent at temperatures below 60°C. 

A very complete review of colors in bet-sugar manufacture was given by 
Madsen. el a/.  (56a). 

Ppclins 
Pectins are rapidly dispersed into low molecular-weight fractions, and readily 

farm gels which impede settling and filtration, Volf (1  I Id) el 01. reports. The 
addition of calcium carbonate crystals to the juice, hefore liming, prevents gel 
formation by adsorbing the pectin fractions; thus giving an explanation of h e  
improved juice filtration and settling achieved by returning carbonation sludge to 
the raw juice before liming has taken place. 

Raclically Useful Infoormalion ofBehavior of Nonsucrorer in Juice Punzcofion (g) 
The following Tables 1.3 (9) give practically useful information on the nature 

and behavior of certain types of nonsucroses in juice purification, and, in particular, 
Figure 8-7 shows the effects of prolonged beet storage before processing on juice 
purification 

Continuous Carbonation. 
Systems Uaed i n  North America. I n  1920 there were no known continuous 

carbonation installations in the United States. In 1947, over two-thirds of the 
operating factories used continuous first carbonation, and over 94% had continuous 
second carbonation (102). In 1969 there were only six hatch first carbonation and 
one batch second carbonation systems remaining among the 63 operating factories 
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in North America. In 1979, with 46 operating factories in North America, there 
were none. 

The Dorr System. Since most factories in the United States use the Dorr 
system (Table 8-4) it will be treated in greater detail. The following description of a 
Dorr first carbonation system does not necessarily apply in all details to every 
installation. Minor differences in design and methods of operation are found in each 
factory installation, and major variations will be described later. 
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An original Dorr system is shown in Figure 8-8. The first carbonation 
equipment consists of two cylindrical tanks with conical bottoms. one for use as 
secondary tank, and one as primary, the primary being the smaller. Gassing takes 
place in the secondary tank, while the primary tank receives the diffusion juice and 
selves as a mixing or circulating tank. For clarity. the secondary tank will be 
referred to as the "gassing" tank, and the primary as the "mixing" tank. Frequently 
the primary tank is equipped with gas distributors and the necessary piping, so that 
the secondary tank may be temporarily bypassed for descaling. When the campaign 
period is short, scaling may not be severe enough to make it necessary to have a 
standby gassing tank. Cylindrical tanks have decided advantages over square or 
rectangular tanks. in the latter of which the chances for "dead spots" are much 
greater. 

Diffusion juice from the juice heaters enters the bottom oi the mixing tank, 
together with recirculated juice from the gassing tank. Flow is upward through the 
mixing tank, and the liquid overflows from the top into the top of the gassing tank. 
The liming reagent is added to the overflow pipeline, permitting some mixing before 

paralld punficodon symml) 
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entering the top of h e  Bassing tank. Juice travels down through the gassing tank, 
counter to the direction of travel of the gas bubbles. and out the bottom of the tank 
to the recirculation pump, and again into the mixing tank. Finished first carbona- 
tion juice is sent to the thickener through an overflow line running from the 

The recirculation pump. which is normally of the centrifugal type, should 
cause very little mechanical destruction of the flocs. An ideal type of pump for this 
service is a slow-speed, axial-flow propeller pump. It should have a capacity, such 
that with normal operation. the volume recirculated equals seven times the thronph- 
put ofjuice from carbonation. The recirculation ratio is important, and should be 
kept within 5 to I and 9 to 1 as outside limits (see pp. 209-210). 

Carbon dioxide pas is conducted to the gassing tank through a valve, 
frequently actuated with the aid of an automatic controller, and to the gas 
distributors, which are similar to those used in hatch carbonation. 

T h e  Benning Carbonator. This is a single-tank unit designed to replace the 
primary and secondary tanks in the Dam system, with a resultant saving in equip- 
ment cost and in space occupied. The primary tank is replaced by an annular 
addition to the gassing tank. Detention in this mixing section is somewhat less than 
in the conventional Dorr primary tank. 

The gassing tank is cylindrical (see Figure 8-9). The mixing section is about 
four feet greater in diameter than the gassing tank, and is equipped with perforated 
bames. Raw juice enters the discharge line of the recirculation pump, which sends 
the juice to the lower part ofthe mixing section. The saccharate milk or milk of lime 
flows by gravity to several evenly spaced, open troughs above the mixing section. 
From these troughs it is distributed to the juice through a large number ofopenings. 
The gas distributors are straight pipe sections with inverted-U cross sections. The 
earlier circular cross-section gas distributors caused excessive scaling. The 

I 

I 
i 
I discharge of the pump. 
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BAFFLES 

JUICE P AECIRNLATION 

recirculation pump draws the juice from the conical bottom ofthe gassing tank and 
discharges to the mixing section, maintaining the standard Dorr recirculation ratio. 
An overflow box removes the finished juice from a point in the center of the gassing 
t ank  near the bottom, where a large hood prevents entrainment of gas. 

There appears to be no difference in the quality of the thin juice produced as 
compared with the standard Dorr arrangement. It possesses what has formerly been 
considered the disadvantage that if it becomes scaled and requires cleaning, the 
wit& k; er.d i f  &c fzctoy m ~ ~ t  h shut down, unless there are two units. 
Actually such instances seem to have almost completely ceased to occur. 

Dorr System, Great Weatern Modification. Seven of the factories of The 
Great Western Sugar Company use a modification of Dorr first carbonation. While 
precise physical details vary from factory to factory, a typical installation is shown in 
Figure 8-10, The gassing tank contains two vertical partitions. separating it into 
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three compartments. The juice overflowing from the primary tank enters the first. or 
gassing compartment of the secondary tank at the bottom. slightly above the gas 
distributors. The liming agent is also introduced separately at this point. Within this 
compartment the juice travels upward, concurrently with the gas bubbles, and the 
three-phase fluid is blended by a mechanical agitator. Overtlowing the first compm- 
ment, a considerable part of the juice travels downward through the second 
compartment. reentering the first compartment, in an internal recirculation. The 
other part of the juice overflows into the third compartment, and leaves the bottom 
of the secondary tank, where it either becomes part of the external 300-700% recir- 
culation, or proceeds to the clarifier. 

Operation of Dorr First Carbonation 
Automatic Control. The Don system customarily involves the use of a 

continuous indicator of the first carbonation end point, and very frequently 
automatic control of the end paint. Originally, control was by conductivity measurc- 
ment. This was found unsatisfactory for several reasons. In the first place, the 
electrodes often scaled rapidly, resulting in a continuous drift in the reading, though 
this could be allowed for. Actually, conductivity measurements are in general too 
insensitive for satisfactory first carbonation control. In addition. the conductivity is 
often affected by variations in concentrations of substances other than hydrogen ion 
or hydroxide ion. In recent years, through supplemental electric circuitry. suffcient- 
ly sensitive conductivity devices have come into use in Europe. 

In the early thirties it was discovered that the antimony electrode with calomel 
half.cell could be used with some success for measuring pH in hot beet juices. Elec- 
trode scaling is not as serious as with the conductivity apparatus, but a film does 
form over the antimony electrode which must be polished off at least every eight 
hours. Also, the electrode is poisoned by certain compounds which are sometimes 
present in the juices, and at such times gives false indications. A self-cleaning 
antimony electrode was introduced by the Holly Sugar Corporation (134) which has 
had considerable use. Figure 8.1 1 shows this design, The marble is kept in move- 
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mcnt by the flow of juice. continually burnishing the antimony surface and keeping 
it f m  from scale and oxide. 

Later, successful high-temperature glass electrodes were introduced, which arc 
far more sensitive than the antimony electrode, and are not easily poisoned. They 
do, however, require frequent cleaning. The majority of carbonation units in the 
United States use glass electrodes for pH control. A recently marketed "unitized" 
form, contains both the glass and reference half-cells in a single unit. 

The original conductivity control is now used by only two factories. 
Factors Affecting Dorr Firat Carbonation. The most important factors 

affecting Dorr first carbonation are; pH or alkalinity. temperature. amount of lime 
addition, rate of recirculation, retention time, density of diffusion juice, and gas 
absorption. 

Hydrowl Ion Activity. The control of the end point in first carbonation is 
normally on the basis of pH. pH is a measure of hydrogen ion activity. It is defined 
as, 

PH =,-log a"* (1) 
where aH* indicates the activity of the ion subscript. which at increasing dilutions 
approaches the concentration in moles per liter. In all aqueous solutions. hydrogen 
and hydroxide ions are in equilibrium with water: 

H20 = WH- + a ~ * .  (2) 

The ratio of the product of the activities of the dissociated ions to the undissociated 
water is a constant at any given temperature. 

am- a"+ I aHIo = a constant. (5) 

Since the activity of water is nearly a constant it is considered so, and the expression 
is reduced to 

WH- * a ~ *  = another constant = K, (4) 

"T  lo^ K, = log a o ~ -  + log a"*, (5) 

and -log K, = -log W H -  -lorn*. (6) 
Using the "p" terminology, 

pK, = pOH + pH. 
The precise values for K, in first carbonation juices are not known. However, they 
are known for pure water. and the following values may be assumed as first 
approximations. 

Temp., "C pK, 
70 12.77 
EO 12.55 
90 12.34 

Thus, if carbonation is k i n g  conducted at 10 pH and 8O"C, 

12.55 = pOH + 10.00, or pOH = 2.55 

This means that the approximate concentrations of the two ions are, 

(H+) = 0.000 000 000 I moles per liter 
(OH-) = 0.003 moles per liter 

12.34 = pOH + 10.00, or pOH = 2.34, 
At 90 'C, however, 

and while (Hi) has the same value. (OH-) = 0.005. 
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While the pH measuring equipment measures the approximate concentration 
of the hydrogen ions, it is apparent that it is the hydroxyl ions which must be 
affecting the reactions in carbonation. If the temperature and certain other variables 
remain constant, a measurement of pH is, for practical purposes, sufficiently related 
to pOH. If these variables change, however, it is no longer sufficient. Although 
temperature can bc held constant, other affecting factors (86) are not as easily con- 
trolled. These are, variations in the nature of the nonsucroses, in the amounts of 
lime used, and in diffusion juice density. 

Baczek and Jaic  (5a) introduced a method for the determination of the 
optimum coagulation point in preliming and 1st carbonation. For the former, a 
ample  ofraw juice is p r e l i c d  to a number o f p H  values in the range 10.3-1 1.8: at 
each pH value a small sample is withdrawn and allowed to stand, after which the 
turbidity af the supernatant liquid is measured photometrically at 560 mp. In 1977 
Bbsching (15a) modified the method to remove remaining turbidity by filtering 
through Millipore filters. The optimum is that pH at which absorbancy is a 
minimum. 

For first carbonation the procedure is similar, except that carbon dioxide is 
passed in, and a flocculent (such as Separan) is added to the sample before it is 
allowed to stand. This is similar to the traditional American method, in which the 
lime salts content of the juices filtered after carbonating is measured instead of the 
turbidity. The Baczek-Jesic method does not take account ofthe thin juice lime salts 
(5a,l5a). 

pOH Memure by Kysilka Electpodes 
Kysilka el 01. (54c) in 1978 introduced a system involving the use of a 

reference electrode, which, although indirect, may in essence be a reliable method of 
measuring pOH (Figure 8-12), This differential measurement system incorporates a 
special type of reference electrode and a dual high-impedance input meter. This is 
currently being used by American Crystal Sugar Co. to control carbonation pOH. 
The reference electrode (item B of Figure 8-12) uses a glass pH-electrode as its inter- 
nal clement, and a filling solution having a pH and temperature coefficient similar 
to the juice beimg measured. This null-point technique of measurement significantly 
reduces pOH error in control that is experienced with conventional pH control 
systems. 
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Aside from the Kysilka electrodes. there has bKn no practical method or ap- 
paratus for continuously measuring pOH directly. Alkalinity titrations, however, 
are v e ~ y  close to k i n g  proportional to such measurements. The best proof of this is 
empirical experimental evidence. Figure 8-13 shows the relation between alkalinity, 
and pH and pOH for a number of first carbonation juices at three difierent 
temperatures. Both graphs are plots of the same data (83). 

1 ~ 1 ' 1 1 1 ' " ' ' I  

LLULl l lT"  c+ n " r T  uI).o*lno* 

Thus, iintil E nrar.t;-.sl r----- e!earde fcr .?;camring hj-jronyl iuri acdvicy directiy is 
found, titratable alkalinity must be considered the best basic control measure for 
first carbonation. Since satisfactory automated alkalinity titrators are not common, 
the most convenient i n s m e n t a l  control is indirectly through a controlling pH 
meter. Frequent alkalinity titrations are made, and the pH control is reset to 
correspond with the desired alkalinity. 

The second consideration under the subjcct ofalkalinity, is which alkalinity to 
choose for the first carbonation end point. Experimental work (83) has shown that 
the higher the alkalinity. up to a certain point, the better is the quality of the thii 
juice produced, as judged by color, lime salts, and colloid content. The "certain 
point" for central California juices is about 0.130 for saccharate milk defecation, 
and between 0.100 and 0.110 with milk of lime defecation (see Figures 8-14, 8-15 
and 8-16). On the other band, the lower tbe alkalinity, the larger will be the 
crystalline agglomerates and the more easily the carbonation sludge can be settled 
and filtered. As a result, the alkalinity chosen must be a compromise, depending on 
tbe capacity and efficiency of the sludge separation equipment. Operating end 
points commonly used vary from 0.060 to 0,120. 

Tanpcrature. Settling and filtration of sludge become easier as the 
temperature of first Carbonation is increased, up to a certain point. As before. 
however, thin juice quality is lowered (see Figures 8-13 and 8-14). 

Once again a compromise must be made. Practically, temperatures between 
80 "C and 85 "C arc generally chosen. 
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Amount of Lime Addition (&.. In a Stcflcn factory, the amount of lime 
used is not a f m  variable, since it is set by the amount of molasses worked: that is, 
all the lime rquired by the Steffen process, except for a small amount lost in the 
waste water, must be added to first carbonation. For this reason, and because ofthc 
greater accumulation of nonsucroses due to recirculation. more lime must be used 
in a Stctren house than in a straight house. 

Figures 8-17 and 8.18 show that at normal alkalinities, thegreater the amount 
of lime used. the better is the thii juice quality, up to at least 5 5 6 %  CaO on beets. 
An exception is found at very high lime addition with prediscard (see pp 609-510) 
saccharate milk, where the lime sahs content increases. There appears to be no con- 
firmation of the belief sometimes voiced (52) that only very small am0UnlS of lime 
are required for adequate purification, since the major portion of the lime is only 
useful as filter aid. Studies by Schoenrock et a/. (41a,79a) have shown that this is 
true only for coagulation and defecation. &yond this lime is effective as an 
adsorbent, and at the proper pOH values nearly water-white liquids can be obtained 
with very high ratios of CaO to nonsucroses. The purification efficiency, or amount 
of purification accomplished per unir of lime used, decreases with large lime addi- 
tions. This is shown in Table 8-5. 

The curves of Figures 8-17 and 8-18 permit comparisons to be made of the 
purification elfciencies at the first carbonation optimum alkalinities for best thin 
juice quality, and at 0.080 alkalinity, well below the optimum. Thus for saccharate 
milk defecation. operation at the optimum alkalinity of 0.130 required only 35.5% 
of the amount of lime needed at 0.080 alkalinity for the same color of thin juice, 
and required 63% of the lime nccded at 0.080 alkalinity for equal thin-juice lime 
salts contents 

Figurn &17. Effect of amount of 
mmharsre milk urd, on thin juim 
lime ulu and mlor (59). 
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Tahlc 8-5 Reduction 01 Purificatioa EBiclcncy with Increasing Lime Additions 

Purification markedly falls off 
with further lime adclliinn, ai 
about the pcrccntager of CaO 
on beets indicated, coiuidering: Alkalinity of 

Liming Agent First Carbdnadnn cvtor  Lis.,< Salts 

SamhPrPtc 0.080 over 6% CaO 
l"1ll 0.130 

Milk of Lime 0.080 
0.100 

~~ ~~ 

For milk of lime defecation, operation at the optimum alkalinity of 0.100 
required 59% of the lime for.the same color, and 74% of the lime for the Same lime 
salts in the thin juice in operation at 0.080 alkalinity. 

The point at which juice quality improvement does not justify the cost afaddi- 
tional lime must, of course, he individually determined for each factory. 

The actual amounts of lime required to obtain adequate purification vary with 
many factors, chiefly the amount and nature of the nonsucroses. There are localities 
in which the beets are of such high purity that relatively little lime is required. For 
example, excellent defecation has been secured with lime additions as low as I .  I 
percent CaO on beets, with comparatively high-purity diNusion juice. On  the other 
hand. in another territory. 2.75 percent CaO on beets is required, with a com- 
paratively low purity juice. If lime additions are calculated on extracted nonsucros- 
es, comparisons between various factories arr more meaningful. 

Rate of Recirculation With the Dorr system, satisfactory settling of the 
sludge in the clarifier is ordinarily not possible without recirculation in first car- 

I 
1 
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bonation. By rate of recirculation is meant the ratio ofjuice by volume recirculated 
between the two tanka, to the volume of finished first carbonation juice sent from 
the system, and not, as is sometimes assumed. the volume of the raw juice taken into 
the system. The volume of the former is greater than the volume of the latter by the 
amounts of melter returns, excess sweetwater, saccharate or lime milk, and any 
other additions that may he made, The recirculation rate is fixed by the 
characteristics of the recirculation pump. This should be 7:1, with outside limits of 
5:l and 9:l. 

Dnuity of Diffuon Juice. As the concenvation of dry substance in the 
diffusion juice is increased. the proper end point alkalinity for operation also 
increases. Thus, a thin juice of very irregular quality will result if care is not taken 
to keep the diffusion juice density reasonably constant. However, if the optimum 
alkalinity is maintained in spite of change of density, the defecation is somewhat 
more effcient at high densities, at least with respect to lime salts. Considering this, 
and the cost of evaporating water, it is apparent that it is advantageous to c a v  as 
high a diffusion juice density as is economically compatible with diffuser losses. 

Rote of Gar Absorption The rate of gas absorption is frequently of 
considerable importance because of shortages of carbon dioxide gas. The important 
factors aficcting this are the same as in batch carbonation. 

Retention Tim. There are two retention times to consider, that in the 
gassing tank and that in the mixing tank. In the usual installation comprising two or 
more tanks, the retention time in each tank is approximately the same, or about ten 
minutes in each. In the Benning carbonator, the retention time in the gassing tank is 
about the same as it is in the usual two-tank system. However, in the Benning 
carbonator, retention time in the primary or mixing compartment is appreciably less 
than in the primary tank of the standard two-tank system. The fact that some later 
Dorr installations have k e n  made wirh cnmparatively ama!! priiTary tadx coEfkm 
that reduced detention time in the primary tank may not be a disadvantage. The 
time in the secondary tank, nevertheless, should not be much less than ten minutes. 

Uniformity of Operation As was stated, the best set point for the operating 
variables in first carbonation involves a compromise between good thin juice 
quality, and ease of sludge scparation. The best operating alkalinity is one as high as 
possible. still maintaining good settling and filtration, 

Due to irregularities in various factors, it is never possible to maintain an 
absolutely constant alkalinity. The magnitude of the irregularities determines how 
high the alkalinity can be carried. For example, if in a given factory the clarifier 
overtlow becomes seriously cloudy a t  0.100 alkalinity, and the magnitude of the 
irregularity is of the order of 0.020 units around the xt point, then 0.080 is the 
highest alkalinity that can be safely carried. If the irregularity is reduced to 0.010, 
then 0.090 can be aimed for, with a much better quality thin juice produced. 

Thus, if first carbonation is to be operated at its maximum efficiency, all h e  
variables must be smoothed out as far as possible. Among these variables are: diffu 
sion juice density, temperature, and rate of flow, carbon dioxide gas prrssurr and 
CO? content, Saccharate or milk of lime density and flow rate, and quality of the 
calcined lime. 

In order to achieve even density, smooth diffuser 
operation is csxntial. Because the juice density changes unavoidably with changes 

1. Dtffi'on JuiccDm'ty. 
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of juice detention time in the diffuser, there should be enough capacity in the 
difliusion juice tanks to average out the density fluctuations. 

2. Diffusion Juice Temperature. It is possible by careful operation of the 
diffusion juice heaters to heat the diffusion juice to a fairly uniform temperature. 
Since the heater tubes are quickly fouled with coagulated albuminous substances. 
they must be cleaned frequently in order to mainlain a high coefficient of heat 
transfer. 

3. Dtffurion Juice Flom Rote. This factor is a very important one, and some 
typc of meter or indicator should be used to measure the rate of flow. If the flow 
rate does vary, the saccharate or milk of lime flow rate should vary with it. 

4.  Kiln Gar Pressure. This pressure should be conatant to within 1 psi of 
the nominal gauge pressure for smooth control. When it is noted that most of the 
pressure is r e q u i d  to overcome the head in the gassing tank, the effect of pressure 
variations on the small remaining portion ofthe total gas pressure, and thus on the 
amount ofgas entering the gassing tank, is very appreciable. Since variations ofthe 
gas pump speed will frequently interfere with lime kiln operation, some fonn of 
pressure controller independent of the gas pump, and close to the carbonators. is 
indicated. 

A good solution, if gas is not in short supply, is to have the gas pump provide 
excess pressure, and to provide control by venting gas to the atmosphere near the 
carbonators. In order that such a controller keep in working condition, the gas must 
be waahed reasonably f m  from tarry substances, With reciprocating gas pumps it 
has been found useful to discharge from a relief valve back into the suction of the 
pump itself to smooth out short periods of oversupply. 

5. Corbon Dioxide C o n f m f  of Kiln Car. The factor is frequently ignored, 
but it is just as important as the gas pressure. Large drops in COZ percentage are 
commonly due to leaks in the kiln. A common cause is the kiln door failing to close 
entirely after a charge of rock has been put in. A continuously recording carbon 
dioxide analyzer is a great help to both kiln and carbonation operators. For the 
former, it indicates the conditions of comhuation or air leakage in the kiln, and for 
the latter, it permits changes to be made in lime flow, to prevent major changes in 
alkalinity, when there is a change in percentage of CO? without change in total gas 
pressure. 

6. Lime Milk or Saccharofc Brix. Unless the density of the milk is constant, 
carbonation operation will be very imgular. The lime slaking or saccharate mixing 
station frequently does not receive the attention it deserves, considering the 
importance of the uniformity of its output. The density should be automatically 
conuollcd. 

7. Limc Milk or Saccharate Flow Rate. The liming agent flow rate may be 
controlled with a valve, or with a liquid chemical feeder of the Howard, or hucket- 
wheel typc. Regardless of the typc of flow-controlling unit used, it should be 
supplied by z circulating pipe loop to prevent sedimentation of solids in the pipeline 
during periods of low demand. 

8. W l i t y  of Burned Lime. If the calcined l i e  rock is not constant in its 
CaO content, maintenance of a steady addition of CaO will be diff~cult. Methods of 
obtaining uniform lime quality are discussed in Chapter XVII. 
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Other  Dorr System Modifications 
That many factories (1 1 la) return small amounts of the clarifier underflow to 

the diffusion juice is motivated by the need to improve the sludge settling rate, or 
the filtration rate of the thickened sludge, or to lower sugar losses in the waste filter 
cake (limcJ7urnc). Some have noted accessory benefits in less frequent cleaning of 
the diffusion juice heater tubes. 

Seven Great Western factories use a reversed flow direction of recirculation in 
the primary and secondary tanks. so that the juice flow is concurrent with that of the 
gas bubbles in the gassing tank (see pp. 201-202). 

Michigan Sugar Co. System 
First put in company-wide use in 1978-79, this is essentially a "classical 

system" with ordinary first carbonation replaced with Benning defeco-carbonation 
with full recirculation. Because of full use of flocculation agents, where formerly it 
was impossible to use prcliming and main liming with Dorr carbonation. it is now 
possible. with the further use of some first carbonation sludge in the prelimer. 

The raw juice at about 65'C is sent to a Brieghcl-Miiller prelimer (Fig. 19). 
which has an additional compartment on the downstream end, into which juice 
overflows from the prelimer, and in which main liming takes place, Long range 
plans call for increased slicing rates. and at such a time the additional compartment 
will become a part of the prelimer. Some carbonation sludge is returned to the 
prelimer, and the prelimed juice has a pH value of 10.9-1 1.1.  The juice is then 
heated to 85-87 "C. 
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Figure 819. Michigan Sugar Go. Juice Purification System. 

Standard defeco-carbonation takes place in the Benning carbonator. The milk 
of lime addition is split with a Putsch lime feeder. In the early part of campaigns, 
85% goes to main liming and 15% to preliming. Later in campaigns the split is 
5050.  

From the Benning carbonators the first carbonation juice goes to: I )  a Dorr 
ATV clarifier at Carrollton; 2) a de-airing tank and an EnvirwClear clarifier at 
Croswell; and 3) to B.M.A. tray clarifiers at Caro and Sebewaing. The underflow 
from the clarifiers which is not returned to the prelimer is separated in rotary 
vacuum filters. 
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Flocculant addition at all factories varies from 4 to 8 ppm. 
The installation at Croswell is similar excepting that: 1) main liming is 

carried out in two small tanks in series. with alow-speed agitators; 2) the raw juice 
is heated to 70.80 "C before main liming, 

With all installations, preliming and main liming can easily k bypassed, 
changing the systems to ordinary Dorr-Benning defeco-carbonation. 

T h e  Great W a t e r n  Juice Purification Systems Original, Multi-Tank System 
The G-W multi-tank systems are essentially variants of the "classical" system. 

consisting of preliming, main liming, first carbonation, and clarification (64). 
The original installations of the system used hatch carbonation tanks 

throughout. The first tank was separated into three compartments, each containing 
a stirrer, and to each of which lime was added. totalling about 0.2% CaO on beets. 
This was preliming. These prelime units have now all been replaced with Brieghel. 
Muller prelimers. The installation at Sterling is closest to the original. Four other 
factories use modifications of tXs system; all of the factories now use Brieghel- 
Miiller prelimers: the Ovid factory has only three tanks as does Goodland; the 
Greeley and Fremont factories use only two tanks. 

"11. or L,"r 
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Figure 8zO. The Gmnt Walcrn Multi.Tank Juice Purification Splrm. 

Modifications 
At Sterling most of the balance of the lime is added to the juice as discharged 

from the prelimer. Lime can he added to all the four tanks, which are equipped with 
stirrers, and small amounts generally are. Likewise, gassing can be conducted in any 
of the four tanks. Presently normal operations at Sterling involve: no gas to no. I ,  
and small amounts of lime and gas to nos. 2,  3, and 4. Juice flows in all tanks are 
downward, countercurrent to the gas bubbles. From no. 4 the juice goes to a small 
deaerating tank, and then to an Enviro-Clear clarifier. 

The &id and Goodland factories are using only three tanks after the 
prelimer, and the no. 1 tanks are used for main liming. As before, all three tanks 
have stirrers and gas distributors, and in nos. 2 and 3 the juices are carbonated; 
small amounts of lime may he added. Both these factories use Dorr tray-clarifiers. 

The factories at Greeley and Fremont have only 2 tanks after the prelimer. 
The no. 1 tanks are used for main liming. and the no. 2 tanks for carbonating and 
liming. The Greeley factory uses gravity-feed Grand Pont filter-clarifiers, while at 
Fremond an Enviro-Clear is used. 
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Operations with the Multi-tank Systems 
The juices produced by these systems are generally satisfactorily thermostable. 

Compared to thin juices from the Dorr process, lime salts may be slightly increased, 
hut colors and saponin elimination are appreciably improved. 

After the raw juice is heated, it enters the prelimers, where it is held for about 
25 minutes. The prelimer deflectors are adjusted in accordance with the pH profile 
or the six compartments every 8 hours. Most of the remaining lime, about 1.3% on 
k t s  is, at Sterling, added to the juice as it leaves the prelimer, and small amounts 
in the other three tanks. At the other factories the first tank following the prelimer 
serves as a main-liming tank, with about 15 minutes detention, and small amounts 
of lime are added in the remaining tanks. 

Excepting in unusual circumstances, none of the Great Western factories 
return carbonation sludge to the raw juice or prelimer. 

Dorrayatem Modifications 
Seven of the remaining factories use variations of the Great Western modifica- 

tion of the Dorr system with no preliming or main liming; defcco-carbonation with 
concurrent juice and gas flows, and Dorr clarifiers, as described on page 201. 

The Scottsblufffactory uses the Dorr system, with countercurrent flows, and a 
Dorr clarifier. 

BMA Juice Purif icat ion 
The BMA, or “Braunschweig-65” juice purification process is based on the 

joint development by Schneidcr and coworkers of the Braunschweiger Sugar 
Institute (79) and by the BMA (Braunschweigische Maschinenbau Anstalt), and 
resulted in a “combination process” using first-carbonation sludge addition to the 
diiiusion juice, preiiminary deieco-caiination, main liming, tirst Carbonation with 
sludge separation by clarifiers and rotary vacuum filters, and normal second 
carbonation (53,77,91). Studies by Schneider (75) using microscope techniques 
indicated to him that with this process flocculation of colloids appears to be as 
complete. and the envelopment of the flocs with calcium carbonate crystals more 
complete, than with progressive predefecation processes. He found the first carbona- 
tion sludge particles to be 30-4Op in diameter, as contrasted to 1 0 - 1 5 ~  from 
prcdefecation processes. 

The BMA process has undergone several changes since its first introduction. 
Figure 8-21 shows it in its current form as “BMA-65.” 

The process now involves: 1) mixture of the diffusion juice with a portion of 
the thickened first carbonation sludge; 2) heating of the “mixed feed juice”; 
3) defcco-carbonation of the mixed feed-juice by its introduction into a carbonation 
tank in which the juice is held at about 8.8-9.0 pH (20 “C), into which limed juice 
from the succeeding “intermediate liming” is recycled at a rate of 800-IO00 
percent. It is claimed that juice alkalization in this way is much milder than when 
done with milk of lime, although this would not necessarily be true of stepless 
prgressive preliming; 4) intermediate liming, where about 40 percent of the total 
CaO is added; 5) main liming with the additional 60 percent of the CaO put into 
the suction of the pump to the first carbonation heater; 6) residence time in the 
main defecation tank; 7) first carbonation; 8) heating before entry into the multi- 
my clarifier; 9) part o f  the thickened sludge is sent to the diffusion juice, and the 

I 
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Figurr &PI. BMA61, 'uia purification. I) Fd.juLc unL. s) Fd.juicc prehcser. 3) P-rblu .  
tion. 4) Inlrrmdialr liming. 5) Rrireulalion pump. 6) Milk of lime praportioncr. ?) Milk of lime 
ked IanL. 8) 1oarmedi.tr h ire  healer. 91 Main liming. im First c.rbn.tian. 111 P u m ~ i n i  tank- 

balance is filtered with ro ta7  vacuum filters, the clear filtrate joining the clear juice 
from the clarifiers; IO) addition, ifdesired. of small amounts of milk of lime before 
the second carbonation heater; 11) second carbonation; and 12) second carbona- 
tion juice filtration using c;mdleclcment filters. Costcsso et 01. (18a) have calculated 
the operating factors of the process. 

The process can be adapted to use portions of existing equipment, and is 
available in various modifications. such as for d 7  liming. 

Overall, it is claimed that a weight ratio of CaO used to diffusion juice 
nonsucroses of only 0.85 is required, and that with the superior sedimenting and 
filtering properties of the sludge, no filtration of the clear juice from the clarifier is 
required. There are a very large number of installations of the BMA-65 proccss 
throughout the world (6a,21a,72). 

P u t x h  Juice Purification (71) 
The Putsch "combination process," of which thcrc are two modified 

installations in North America, and many in other pans of the world, is unusual in 
its ready adaptability to diffusion juices from bets of varying quality. Three 
discrete syatems are embodied, any one of which may be put into operation by the 
change of a few valve positions. 

See Figure 8-22. The solid flow lina indicates the course of the normal, or A 
process. The Putsch prelimer receives the mixture of diffusion juice and thickened 
f i s t  carbonation sludge and accomplishes a stcpless progressive preliming. The l i e  
far main liming may be added to a compartment in the end of the prelimer bcfom 
juice heating, so that a vigorous defecation can be accomplished. or the main lime 
can be added to the main liming tank after the heaters, for a milder defecation. After 
the juice heating and its residence in the main liming unit. the juice is first car- 
bonated in a carbonation unit with 300-400% external recirculation. Clarification of 
the fiishcd first carbonation juice is done in Putsch filter-thickeners or tray 
clarifiers following further heating. Pan of the thickened sludge is returned to the 
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Figure &Z. 
P- A ;PmrrrB , ............... 
P I 0 C C . l  c , ............. _, ............... 
(Covr1"y. €I. Putsch d Comp.) 

diffusion juice. but the greater part is filtered in rotary drum filters. The clear juice 
from the thickeners is mixed with the filtrate from the rotary filters, and proceeds to 
second carbonation. 

The B process is applied to juices from beets which are somewhat degraded 
from long storage, rot, or disease, and the flows are shown by the solid and dashed 
lines in the figure. Liming is eliminated, and the diffusion juice mixed with 
carbonation sludge is treated by a preliminary defeco-carbonation to a suitable pH 
value, depending on the quality of the beets, and is then main limed and first 
carbonated to a final pH of about 10.8 (20 'C). 

Process C is designed for badly deteriorated beets. Here the flows follow the 
solid, dashed, and dotted lines. The diffusion juice is again mixed with thickened 
sludge, both preliming and main liming are omitted, and the process is one of very 
mild defecmcarbonation with recirculation. 

The chief advantages of Putsch juice purification come from i u  easy 
variability. Using process A an increase in thick juice purity of 0.8 units over the 
"classical" process is said to be obtained, and only 1.8% CaO on beets is normally 
required. Process B uses about 2.4% CaO on beets. The defeco-carbonation process 
C has a reduced capacity of about 80 percent that of process A. 

Barber (6) reported on results with a modified installation ofthe Putsch system 
at the Ottawa, Ohio, factory, which gave excellent results with beets which had 
seriously deteriorated. Performance with normal beets was exceptional. 

Continuous Systems Not  Used in North America 
Novi Sad Juice Purification. The  original system was devised by S. Wolf', 

in the Food Industries Institute, Novi Sad, Jugoslavia. and installed in its second 
and perfected form in the Sremska Mitrovica factory in 1964, and is also used in 
Austria. The  process is presently under the promotion of Maschinenfabrik Buckau 
R. Wolf. 

The purification system, in its final form, is shown in Figure 8-23. The 
calcium carbonate sludge from the carbonation clarifier is added to the unheated, 
unscreened diffusion juice, in a Naveau prelimer. In this unit neutralization and 

'see references 44,98a,99,125,126. 
I 

i 
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formation of crystalline carbonates are describcd as occurring (126). as well as ion- 
exchange type reactions of the colloidal micelles produced, as a result of which 
potassium. sodium. and magnesium ions are displaced by calcium ions, and 
stabilized aggregates form around the calcium carbonate crystals. The addition of 
milk or lime to the mixer is optional, but not usual. 

The treated juice enters defeco-carbonation after heating. A recirculation rate 
of 800% in this unit is said to assist in providing pH changes which help in the 
dehydration :.nd stabilization of the coagulates. The dcfeco-carbonation tank is of 
unusual design, the primary tank being a very small unit contained within the 
secondary tank. Recirculation is from the bottom of the secondary tank to the 
bottom of the primary tank. Lime addition is to the primary tank, and carbonation 
is carried out in the secondary, and sometimes in the primary tank as well. 

The emuent from the defeco-carbonation enters a way clarifier (or filter- 
thickener to reduce detention time). The clear filtrate (or overflow) is first limed in 
vessel 6, and then returned to vessel 3 to act as precipitant. The clear overflow from 
the first clarifiers is main limed in 7 with about I %  CaO on beets, and heated to 
94-95 ‘C after a detention time of about 10 minutes at the high alkalinity. Since the 
coagulum of colloidal matter has been removed, the vigorous defecation does not 
peptize any colloidal material. There follows a stage of single-pass carbonation. in 
which adsorption purification takes place. The precipitate is separated in another 
clarifier, and all of the underflow is returned to the diffusion juice. Since the second 
carbonation sludge is returned to the carbonation, all of the calcium carbonate 
sludges leave the system through the defeco-carbonation sludge system. 

The perfected system is said to produce very thermostable juices, with good 
sludge settling (> 4 idrnin)  and filtration properties (FI < 2). The thin juices have 
low colors and lime salts, and the whole process is said to be relatively insensitive to 
changing beet quality. 

T h e  South German Sugar Co. 
This process is used in the factories of this company, in the Bavarian region of 

West Germany. It is typical of the best processes used in Europe, including the 
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process steps of sludge return to the raw juice, preliming, cold main liming, hot 
main liming with air injection, 1st carbonation with recirculation, separation of 
sludge with filter-thickeners, and desweetening with rotary vacuum filters, as well as 
some more abstruse reatures (73a). 

Raw juice is heated to 50-55”C, and enters the Brieghel.Muller prelimer. 
Thickened first and second carhonation sludge is returned to the 2nd or 3rd 
prelimer cell, in quantity sufficient to give the juice leaving the prelimer a content of 
1.2-1.3% on total CaO. The pH at the point of addition must be under 9 “to get a 
good overcarhonating effect on the sludge.” 

CaO as milk of lime is added in the prelimer. 0.2-0.3% on beets. In a stirred 
lank, 1.2.1.4% CaO is added to the still cold juice, The juice then passes lhrough a 
heater, and is heated to 88 ‘C before entering the main limer tank. In some installa- 
tions, finely dispersed air bubbles are injected into the main h e r .  Thia is to oxidize 
coloring matter, which is more completely removed in the oxidized state. 

First carbonation is standard with a small primary tank enclosed within the 
secondary (see Fig. 24) and with 600% recirculation. The first carbonation juice 
from the recirculation pump enters the line which transfers l i e d  juice to the first 
carbonation tank. This composite stream enters the cylindrical retention vessel 
inside the tank. T o  assure full detention time, this vessel is separated into three 
parallel compartments, the juice flowing upward in the first, downward in the 
second, and up again in the third compartment, from which it overtlows the brim of 
the vessel, prior to being carbonated again. Thus the pH value “swings” bctween 
11.0 pH after carbonation and 12.5 after mixing with the limed juice. This exposes 
the juice to different iso-electric points, and helps to stabilize the floc, it is said. 

Figure 821. Juice pvrifiaiian of South German S u e r  Co 

The endpoints of preliming and first carbonation arc determined by the 
method of Bazcek and Jcsic, as modified by Biisching (1 5a). 

The fust filter-supply tank receives the first carbonation juice, and before 
passing to the filter-thickeners it is heated, together with the second carbonation 

vacuum filters and return to preliming. 
Comparisons made with another factory nearby using an ordinary dcfeco- 

carbonation indicated that the new process used 5% less lime and the juices had less 
color. On the other hand, filtration and settling were slower in the new system. 

sludge, to 90-95 “C and the thickened combined sludges are split between the rotary I 
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D.D.S. Juice Purification System 
This system. developed by de Danske Sukkcrfabrikker (Danish Sugar 

Company) and installed in a number of factories in Europe, has several valuable 
features which make its appearance in North America likely (Figure 25) (1 1 IC). 

figure 825. D.DS Jmice  Purification 

The most important advantage is the unusually vigorous defecation, and it 
may be the only system which completely hydrolyzes the amides, thus eliminating 
pH drop across the evaporators and crystallization processes. as well as ammonia 
evolution, and the use of thickener-filters with their short detention times. 

Probably because of this " e 7  complete lime treatment, both first and second 
boilings produce sugars which are used for first-class product. 

The juice from the dimuser is prelimcd in a Brieghel-Miiller prelimer, to which 
about 10% of the first carbonation sludge is added. The efllucnt from the prelimcr 
then undergoes cold main liming, in which the detention time is from 30 to 60 
minutes. The ve7  large tank in which this takes place is v e 7  valuable also to "take' 
up the slack," in case spxd.ups or slow-downs are required by the rest of the 
fact07 processes. The juice is then heated and proceeds to a IO-minute hot main 
liming, and then is carbonated in a single-pass unit. In case the b e t s  require it, 
small amounts of milk of lime may be added to first carbonation. 

The finished first carbonation juice is then clarified with D.D.S. filter- 
thickeners, and the sludge is separated on rotary vacuum filters, The clear juice is 
then second carbonated. 

Blanke T u k a r b o n a t i o n .  Continuous carbonation using the barometric- 
leg principle for gassing was introduced by Reboux (73) and Blankc (34). The 
principle was further developed by Spenglcr, Bartsch, and Wigand (37,38), by 
Thieme (36) and Asselbergs (5). Melzwig (60) described the use of such a system at 
the Walschleben factory. 

Kartashov Pmeru.  This is a Russian defeco-carbonation process which has 
gone through evolution, using a varying number of stages of defcco-carbonation, 
and varying percentages of rccirculationl. 

'Se refs. (47, 47a, 48, 49, 50, 82, 131a) 
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Brieghel-Miillcr Procas. Originally patented in the United States in 1954 
(14) this Danish process has also changed over the years. It incorporates predefeca- 
tion, return of sludge to the prelimer, and main liming (1  5). 

Alston Processes. P. W. Alston has patented two processes. His A process 
involves multi-stage predefecation followed by removal of the predefecation floc 
with low-head, moving belt filters (2). In his B process, the second carbonation juice 
is passed through the evaporators in the presence of the second carbonation sludge, 
and the thick juice is further limed, carbonated, and filtered (3). 

Dedek-Vasatko Process. What is sometimes known as the Goslawicz process 
(12.35) involves purposeful fluctuations of the alkalinity in first carbonation for 
better sludge properties. Dedek and Vasatko proposed a process in which. after 
preliming, defeco-carbonation was used, holding the alkalinity at the optimum for 
the whole period of lime addition (2 I). During this time the alkalinity was permitted 
to fluctuate. for what were believed to be pr~cipitatc.iniproving purposes (65). 

Wiklund Juice Purification. As earlier mentioned. this was the pioneering 
process to return overcarhonated juice from first carbonation to the predefecation 
(122.124). Later, the process was altered to return thickened sludge instead of over- 
carbonated juice (100). and Mottard has reported its modification to use the Grand 
Pont filter in first carbonation (62). 

Oreye Process. Dormal (28) reports a system used at this Belgian factory, re- 
quiring only 1 .1% CaO on beets. It uses preliming, preliminary carbonation, and 
removal of the sludge by clarifiers and rotary vacuum filters. The clear overflow 
juices are main limed, carbonated, and the sludge is removed by clarifiers. 

T a r o  Juice Purification. This process (9). devised by The Amalgamated 
Sugar Company's Research and Development department, and installed in its Mini- 
Cassia factory, was the only process used in North America in which prelimer 
r;lnd?ge WIG Fhysically removed from the juice before main liming. The thin juices 
produced were of the quality associated with the classical process-slightly higher 
lime salts, better colors, relatively floc-free sugars, and thermal stability-and there 
was an additional definite puety increase due to the early removal of the predefeca- 
tion sludge. Its use was terminated for reasons not related to the method itself, and 
its future further use by that company is regarded as possible. 

See Figure 8-26. Screened diffusion juice was heated to 9 0 %  and entered the 
Brieghel-Mdler prelimers. Sludge from carbonation was run into the third and 
fourth compartments. and about 0.25% CaO on beets in the form of milk of lime 
was added in the last compartment. The comparunent deflectors were set to give a 
concave gradient through the cells, from 6.5 to about 10.0 pH (see pp. 188-191). 
The final alkalinity of the prelimed juice was held at about 0.005 CaO% alkalinity 
above the final first carbonation alkalinity or at about 0.085 to 0.090% CaO 
alkalinity. 

The prelimed juice was clarified in a 5-tray clarifier with the assistance of a 
small amount vf polyacrylamide settling aid. The overflow went an  to main liming, 
The clarifier underflow was filtered through belt filters. The desweetened sludge 
was discharged to waste. and the filtrate was routed to main liming. 

The remainder of the lime, about 2.25% CaO on beets, was added in the main 
liming tank. After a detention time in the main liming tank. the limed juice was suh- 
mitied to first carbonation in Benning carbonatars. The finished first carbonation 
juice was thickened in 24 Krebs hydrocyclones. The concentrated slurry from the 
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I hydrocyclones was invoduced into the prelimers as previously indicated, and the 
slightly cloudy overflow from the hydrocyclones was polish-filtered in Industrial 
leaf-typc pressure filters. The separated sludge was combined with the hydrocyclone 
underflow, as was the second carbonation sludge, and returned to the prelimers. 

Zagrodski Process. A method introduced in Poland by S. Zagrodski Sr. and 
Jr., in 1971 (130a,131a). The method involves a multiplicity of steps; preliming, 
precarbonation, 1st liming. 2nd liming. 1st carbonation, 3rd liming, 2nd carbona- 
tion. A total of 1.6% lime on beets is used: 0.45%, 1.1%, and 0.1%. It recirculates 
limed juices and carbonation muds to obtain required pH values. 

Table 8-4 summarizes the essential features of the important continuous lim- 
ing and carbonation systems. 

1 
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Table 8-4 (Continued) 

Sludec 
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Michigan 
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wth thickcncr 
and vacuum 
filtCIS 
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of B-M pmlimcr tank. 
Benning dcfcca- 
carbonation. 
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Main liming in no. I 
Gassing and rmall 
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Stirrers, ringlc pass. 
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pas8 carbonation. 

concUmnt now 

Main liming. cub. 
with mirculation. 

Dcfcco-carbonation 
with recirculation. 
Main liming, single- 
pass carbonnuon. 

Dorr or E.C 
c1ariscrs. One 
Grand Porit 
filter-lhickcncr 
inaul. 
thickmcr 

Cold main liming. Hot filter-thickcncra 
main liming a, 880. Air 
injcclion. 1st carbonation 
with mcircn. pH 
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Prolongnt cold main DDS filter- 
liming. Hot main liming. thickcncrs 
1st carbonation with 
rrcirculalion. Somc 
liming in filter-thickener 
 upp ply rank. 

carbanation with underflow to prcueaimcni 
Main liming. &nning hydmcyclonea, " in 

I C t i T C Y l d O " .  pdiiming 
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Steffen Campaigns 
While the carbonation of Steffen saccharate milk without accompanying beet 

slicing is only marginally profitable. such operations have been carried out for short 
periods, up to several weeks, many times on the Pacific coast. The advantage has 
derived from extraneous factors. depending on keeping the factory running when 
the beet supply has been temporarily interrupted. due to the interference of weather 
with harvesting, beet transportation delays, or to lengthy breakdown of beet-end 
equipment. Continued operation saves shutdown and start-up costs, such as labor 
expenses and sugar losses. shutting dowii the lime kiln, and expenses in laying off 
and rehiring operating crews. Production is necessarily small. One 4000 tan beet- 
slice factory operates its Sleffen campaigns at 300 tons of molasses worked per day, 
which can produce a maximum of about 2000 cwt of sugar a day. The amount of 
the fixed costs per cwt of such sugar is at least five times normal. 

The dilution of the saccharate milk, or the saccharate syrup, is set by the 
amount of water required by the evaporators to produce the necessary steam for the 
factory, and has usually resulted in thin juices of a little under 15 rds. Due to the 
very low natural alkalinity, the alkalinity of first carbonation does not have many of 
the usual effects. However, since sludge settling is usually retarded a little at this 
density, and especially since the saccharate is not completely broken up at 
alkalinities much in excess of 0.060, the alkalinity is usually kept in a low range. In 
one company the range has k e n  from 0.020 to 0.060 alkalinity. 

Thin juice colors and lime salts are very high, and floc " e 7  low. Soda ash 
addition is required. The raffinose builds up rapidly, and it is customary to discard 
100% of the molasses produced, to avoid serious interference with crystallization. A 
major problem is the disposition of the discard molasses, since there is no beet pt4p 
to which it may be added. 

Steffen Operation8 With Thick j u i c e  Reproceasing. Schmalz and Park 
(74) and Lott and Vamey (56) have described the combination of Stelfen saccharate 
and stored standard liquor processing in recent operations in the Northwest. 

, V H  

10.0 m+ 10.8 11.2 II.B 
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In this case. lower density (4-9 rds) carbonation juices were indicated. The 
unusual relationship between the alkalinity and pH was determined, and is shown 
in Figure 8-26. Operations were carried on in the normal pH range in first 
carbonation. The optimum pH in second carbonation was found to be 0.2-0.3 units 
less than normal. 

The combination of low juice density and high CaO content yielded very 
rapid first carbonation sludge settling rates, and the absence of gummy, colloidal 
material further enhanced filtration rates. T o  hold the very fine, unagglomerated 
calcium carbonate crystals, a more tightly woven filter cloth (16 oz cotton twill) was 
used for both first and second carbonation filtration. The approximatey twire- 
normal thin juice coloring matter. mostly from invert destruction. was found very 
troublesome. and required addition of about 5% soda ash on solids, and 300-350 
ppm of sulfur dioxide. Because of the relatively law juice flow rates, it was possible 
to bypass the clarifier. and filter out the first carbonation sludge without difficulty 
in the rotary vacuum filters. 
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6. Clarification’ 
Clarifying Equipment 

Four hasic designs of first carbonation clarifiers are in general use in the 
sugarbeet industry. The first type, the Dorr Multifeed clarifer, normally contains 
four clarification compartments of which one or two are us7d to thicken and 
discharge mud. In addition, this design contains a fifth, or “conditioning” 
compartment, located above the clarification department. 

The second type, of more recent design, is the Dorr ATV clarifier. This 
clarifier contains four clarification compartments, each of which thickens and 
discharges mud. The unit has no conditioning compartment and contains a 
simplified feeding arrangement. The basic design principles o f  this unit are 
incorporated in the latest designs of many tray clarifiers of European manufacture. 

The third type is the B.M.A. unit, which similarly is made of superimposed 
settling trays. However, the separate tray compartments are not interconnected, and 
any compartment can be removed from Service and emptied at any time. 

The fourth type, the Enviro-Clear unit. operates with the use of 
flocculating agents. These have the advantage of small size and short juice detention 
times. 

Multifeed Clarifier 
The Don Multifeed clarifier for carbonation juice (see Figures 8-28, 8-29, and 

8-30) is enclosed in a cylindrical steel tank, with a flat inverted-cone bottom and a 
conical cover. The interior is separated into a numher of shallow compartments by 
flat conical steel trays. which are parallel to the bottom and which separate the com- 
partments completely except for a central opening which extends through all o f  the 
trays into the bottom compartment. 

A central feed cylinder, driven by a mechanism mounted on beams which span 
the cover, rotates, in this opening. Attached to this central cylinder. are the floc- 
culating paddles and the rake arms mounted in the various compartments, as well as 
the hydraulic seals and sludge passages which isolate each compartment, and enable 
it to perform in much the same manner as a separate unit. 

In the usual machine, shown diayrammatically in Figure 8-28, there are four 
trays which separate the clarifier into five compartments. The hot carbonated juice 
enters tangentially into the upper or conditioning compartment. which provides a 
short period of detention for the release of any entrained gas and for the separation 
of foam. In this compartment the juice is also subjected to the action of a floc- 

‘by R. H. Van Note; revised by R. A. McGinnis 
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Figure 828. Dorr Mult i fed  clarifier. (Co~rIcsy) DO7vOIim, IN.) 

culating mechanism, driven from the central cylinder, which is intended to promote 
coalescence of the fine suspended solids into larger agglomerates with faster settling 
rates. The foam rises to the surface of the juice into a small cylindrical foam 
compar~~ezr ,  eq-ipp? wkh ro!z!ing hlarles, which skim the foam into a foam 
canal (Figure 8-29). 

From this conditioning compartment the feed passes into the center cylinder 
through a number of openings and then flows in parallel into each of the lower 
compartments where the precipitate settles onto the trays and is collected and 
moved toward the center of the machine by the raking mechanism (Figure 8-30). 
The settled sludge from the tray compartments, having k e n  raked to the center of 
the machine, moves downward through the bamed annular space outside of the 
center tube and falls into the mud compartments immediately below. From the mud 
compartments the thick sludge is withdrawn from the machine by means of 
diaphragm-type suction pumps or air lifts, through suitable piping. 

AY PIPE CONNECTION 
WATER SUPPLV 

M GATE 
ECK 

F i ~ u c c  8-29. Dorr M u l t i f r c d  
clarifier. Arrsngcmmc of foam mm. 
primcnl  mrrhnniam. (CourlS.y, Dorr 
Oliver, I=) 
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The clear juice, from which the precipitate has settled, moves slowly toward 
the clear juice outlet headers, the intakes of which are located at the highest point of 
the periphery of each of the four clarification compartments. These dear  juice 
headers lead to the overflow box through individual pipes from each compartment, 
and the upper end of each pipe is equipped with an adjustable sleeve so that the rate 
of flow from each compartment can be controlled. From the overflow box the 
combined clarified juice from all compartments is pumped. or flows by gravity, to 
the next step in the process. 

T o  prevent heat losses, and the resulting convection currents which might 
interfere with the settling of the precipitate, the entire clarifier tank and cover is 
insulated. 

The mechanism, with rake arms. rotates at a speed of approximately 117 'pm, 
The diaphragm pumps (see Figure 8-31), removing the thickened sludge are driven 
at a constant speed of 50 'pm, the volume removed being adjusted by varying the 
length of the stroke of the pump. 
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An independent survey (14) carried out in 1963 canvassed 22 beet-sugar 
factories in the Western United States in which gravity settling clarifiers were 

ATV Clarifier 
The Dam ATV clarifier (see Figure 8-32) has the basic tank configuration and 

drive mechanism structure of the Multifeed clarifier. Arrangement of the foam 
compartment mechanism is also similar to the Multifeed des ip .  

The machine is srparated into four clarification and thickening compartments 
by three internal trays. The clarifiers might be considered as lour separate unit~type 
clarifiers. each unit stacked one on top of the other and each receiving feed from a 
common source. 
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employed in the first carbonation systems. Seven of these factories were SteNen 
houses, and the remaining 15 straight houses. Twelve factories had Dorr ATV 
clarifiers in operation; 10 factories were operating with Dorr Multifeed clarifiers. A 
large variation was found in operating conditions at the first carbonation stations 
and in operating capacities of the clarifiers. 

Table 8-5 shows the minimum and maximum values of these operations. 
Values listed in each column are not related to one factory operation. but rather 
show the variations found in the industry as a whole. 

Results of this survey showed a definite correlation between operating 
conditions of the first carbonation station and the clarifier capacity. In general, 
higher lime additions, lower juice alkalinities, higher draft, and lower clarifier 
underflow solids Concentrations resulted in greater throughput rates in the clarifiers. 

A compromise is necessary between juice quality. economics of operation and 
available thickening area that dictates the optimum operating conditions. High first 
carbonation alkalinities and high liming generally produce the best quality juice. 
High alkalinities however increase thickening area requirements while high lime 
additions increase operating costs. Likewise, higher draft and lower clarifier under- 
flow solids concentrations increase first costs and operating costs at the evaporation 
and filtration stations. 

The choice of size of the conventional first carbonation clarifier is therefore 
critical in obtaining and maintaining a well-balanced plant operation. A conven- 
tional first carbonation clarifier designed to operate a! a thickening area capacity of 
around 1.00 sq ft per ton beets per day provides for best operating conditions to 
produce a high quality juice while operating within sound economic limitations. 

Operation 
T o  put the clarifier in operation, the drain valves are closed, the drive unit 

which rotates the rake and flocculating mechanisms in the various compartments is 
started, and the feed is admitted to the feed compartment. As the tank fills, the vent 
lines from each compartment are opened to permit the escape of any trapped air. As 
soon as the machine is filled. clarified juice will be discharged from the overflow 
pipes, and the overflow sleeves are adjusted so that flows from each compartment 
are equal. 

I Table 85  Firat Carbonstion Operatioar and Clarifier Capci t im 

SlCI fC"  Straight 
Item, H O W C  H"W< 

hli"i!"WU 2.58 1.50 
h l . 1 X i l l l l l l l l  3.80 2.80 

>li"i,",,,,, 0.070 0.071 
hlaXi"llll" 0.088 0.111 

hlinimum I20 I20 
hlaXimlll" 145 I 5 i  

hlinimum 33 28 
hlaximllm 45 40 

hlininlum 0.82 0.55 
Maximum 1.04 1.39 

I 
I 

~ . ~ l k : ~ l i n i t ~ - y ~  CaO on Juicc 

I 

I 

Lime .additi"s--T; CAO "11 lleerr 
i 

Dnl,-an Deels 

Thickener lJnderlloa--OBrix 
i 

Sq Ff Thickcning .4rea/'l'on Reetr/Day 
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In the operation of the clarifier there are two possible adjustments, hut the 
best means of control is generally in the hands of the carbonation operator, as will 
he explained below. Satisfactory clarifier operation requires a juice containing fast. 
settling solids which will yield a clear supernatant liquor in the available detention 
time, and it is at the carbonation station that these characteristics are produced. The 
amount of overflow from each compartment, and consequently the amount of feed 
to each compartment, can he adjusted by raising or lowering the sleeves on the 
overflow pipes, The overflow clarity can sometimes he improved by adjusting flows 
in this manner so as to obtain the optimum feed distribution. It should be 
remembered. however, that it is only possible to change the relative flows between 
the compartments and that raising the overflow height on one compartment, which 
may be producing a turbid juice, will increase the flow to the other compartments. 
They in turn may then he overloaded and produce turbid overflows unless the basic 
cause of the trouble is found, usually at the carbonation station, and is corrected. 

The other adjustment is the control of the rate of sludge withdrawal, by 
varying the stroke of the sludge pump mechanisms. Since the clarifier is a can- 
tinuously operating machine, the weight of dry solids withdrawn in the form of 
sludge per unit of rime must equal the weight of dry solids in the feed to the 
clarifier. If insufiicient sludge is pumped, the solids will build up in the claiifier 
until they eventually reach the overflow headers and produce a turbid overflow. 
Normally it is only necessary to adjust the pumping rate so that a sludge of the 
desired density is obtained. A sludge of higher than normal density is an indication 
that solids are building up in the clarifier. and the rate of pumping should be 
increased, and vice versa. 

The underflow density should normally be kept between 40' and 50' 
apparent Brix at 80 "C, for a Steffen factory, and between 35 * and 40 ' for a non- 
Steffen factory (see Table 8-5). These figures are equivalent to about 17 to 20% dry 
mud in the underflow in the first case, and 14 to 17% in the second case. Figure 
8-33 shows an approximate curve for this relation. 

I t  sometimes happens. however, that as a result of poorly carbonated juice or 
because beets of inferior quality are being worked, the clarification rate af the solids 
is so retarded that insuficient area is available in the clarifier to obtain a sludge of 
the desired high density. Under these circumstances, it is necessary to increase the 
sludge pumping rate in order to obtain a juice of acceptable clarity if poly 
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electrolytes or other types of flocculants are not added to increase sludge thickening 
rates. The pumping rate is then controlled to produce a sludge of lower than normal 
density until corrective measure5 have been applied, after which it is gradually 
brought hack up to the desired density. 

T o  empty the clarifier. the feed is stopped and the sludge pumps are kept 
running until all of the mud is out. The remaining contents of the clarifier are then 
pumped to the second carbonation station. 

Factors Affecting Clarification 
In addition to the mechanical adjustments listed above, the settling of the first 

carbonation sludge in the Don clarifier is affected by the following variables: 
temperature, alkalinity of first carbonation juice. amount of lime used, density of 
first carbonation juice, form in which lime is added, percent recirculation in first 
carbonation, amount of feed, and other factors not here considered. 

I .  Temperature. This has an important effect on the rate of sedimentation 
of the mud through its effect on the viscosity of the liquid phase. I t  is quite an 
appreciable factor, and it is well worthwhile to keep the temperatures in the range 
80-85 ‘C, both by supplying the juice feed at the proper uniform temperature. and 
by applying thermal insulation to the tank. Too high a temperature, on the other 
hand, will interfere with settling through formation of convection currents if 
insulation is not adequate. 

2. Alkalinity of First Carbonat ion Juice. Variation of the alkalinity has a 
very important effect. I t  is apparent that in the clarifier, mixtures of mud and juice 
may be found of any composition between the clear overflow, the dilute mixture 
entering as feed, and the more concentrated mixture leaving as underflow. Examina- 
tion of the settling properties of these materials has shown that the clarifier area 
required is fixed by the largest settling area required by any of these possible 
mixtures. Thus, in one instance, C, the largest settling area, might be required by the 
most concentrated mixtures, approaching the composition of the underflow; in a 
second, A, by the most dilute, and in a third instance, 6. the largest area might be 
required by an intermediate mixture. For convenience in reference, these three cases 
have been termed types A, C, and 6, although strictly speaking, type C is a special 
case of type B. These type designations are applied to the graphs or curves 
describing the settling characteristics of first carbonation feed materials, as shown in 
Figure 8-34. 

The types indicated are the results of calculations, and, although dependent 
on the nature of the materials are not inherent characteristics of the materials them- 

value far the underflow discharge ratio. Hence it must be understood that type 
references apply only for the specific conditions of operation and assumptions of 
calculations. With these constant, individual materials will yield curves having thc 
characteristics of the separate types. and the comments in this section apply. 

As far as operation is concerned, it is apparent that increasing the stroke of the 
sludge pumps and consequently lowering the density of the underflow will not 
increase the clarity of the overflow in the case of type A curves, but that a very 
positive advantage will be gained in the case of type C curves. 

Alkalinity of first carbonation is one of the most important factors determining 
the type of settling. At low alkalinities with normal juice density and discharge 
ratios, the material almost iiivariably gives type A curves. As the alkalinity is raised, 

i 
I 

I 

I 

I 

, selves. For example, the type settling curve may be changed by assuming another 



thc curves go through the intermediate type B, reaching type C in the vicinity of 
0.085 to 0.100 alkalinity. As a rule, type C curves involve slower settling than type 
A curves, so that the overall settling time and the area of clarifier required, increase 
almost steadily with increase in alkalinity. However, if there is ample sludge filter 
capacity, and the overflow is turbid, it may sometimes be of advantage to raise the 
alkalinity to a point a t  which a type C curve is obtained, and the overflow turbidity 
may then be decreased by drawing out the underflow more rapidly. Laboratory 
settling tests, described later in this chapter, may furnish valuable guidance in such 

Very frequently a lowering of alkalinity may be noticed during the retention 
period i n  the clarifier. At higher alkalinities this effect tends to disappear. 

3. Amount of Lime. The amount of lime used affects the settling in two 
ways. First, if the amount of beets sliced remains the same, the amount ofmud to be 
thickened increases as the lime is increased. In the second place, the settling curve 
type is affected (see Figures 8-35 and 8-36), there being a tendency to shift toward 
the A tvpe of settling curves with increasing amounts of lime. In general, the sum of 
these effects is to diminish the effective thickening somewhat with increasing 
amounts of lime. 

4.  Juice DeNity. The density of the first carbonation juice bas an effect on 
the settling curve. If the density of the juice is raised, the alkalinities required to give 
the same type of curve are higher. A second effect is the increase in the juice vis- 
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cosity with the density. If the volume flow of diffusion juice is kept constant as its 
density is increased. larger settling capacity is required. However, if the amount of 
dry substance entering carbonation in the diffusion juice in unit time is unchanged, 
settling capacity requirements arc somewhat less, 

5. Form of Liming Reagent. Whether the lime is added to the first 
carbonation in the form afmilk oflime, or as saccharate milk, makes a considerable 
difference in sludge settling rates. Milk of lime. in general, produces a precipitate 
that is somewhat slower settling, and that does not thicken quite as readily. 

6. Recirculation Ratio. As has been pointed out @. 209.210) the proper 
recirculation ratio in first carbonation is very important. Without recirculation it is 
not possible to clarify by settling in a unit of reasonable size. 

7. Amount of Feed. If amounts of first carbonation juice and mud are fed to 
the clarifier which are considerably in excess of those it was designed to handle, 
there is some evidence to indicate that eddy currents within the trays may exert an 
effect tending to interfere with the settling and thickening. This may add to the extra 
load already imposed by the increased amount of precipitate to be thickened and 
settled. 

Effect of Dorr Clarification o n  the Juice 
To prevent degradation of the thin juice, the overflow from the Dorr clarifier 

must be reasonably clear. If it is not, it must be submitted to an auxiliary pressure 
filtration. Actually, appreciable amounts of precipitate can he tolerated in the 
overflow without causing noticeable degradation of the thin juice. The process was 
designed to yield an overflow containing not more than 0.0025% of dry mud. 
Experiments have shown that at least ten times that quantity can normally be 
tolerated without producing any noticeable degradation. A better juice may 
frequently result from operating with a very slight degree of turbidity and a high 
first carbonation alkalinity, rather than a lower alkalinity and a perfectly clear 
overflow. 

As would be expected, prolonged retention time in the clarifier is damaging to 
juice quality. A number of investigations have shown clearly that this prolonged 
storage at law density, high alkalinity and high temperature decreases the effective 
ness olthe carbonation process. Figure 8-37 shows the results of some tests made on 
California juices with saccharate defecation. These show an average increase per 
hour, in color, of about 7% and of about 0.010 in lime salts. Degradation decreases 
as the first carbonation alkalinity becomes higher, and appears to be less with milk 
of lime than with saccharate milk defecation. 
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H. Elliot (19) concluded from plant tests conducted in a first carbonation 
clarifier in which detentions could be reduced by 59.5% of maximum that "reduc- 
tion of (detention) time in itself was not the solution to the formation of color." In 
reviewing the factors influencing color formation in the Dorr system. Elliot 
concludes, "assuming consistent lime addition, the final alkalinity has more bearing 
on the color of the juice than any other single factor." Experimental work has 
shown that the higher the alkalinity, up to a certain point, the better the quality of 
thin juice produced, as judged by color, lime salts, and colloidal content. At 80°C 
the optimum alkalinity was found to be near 0.130% CaO on juice for saccharate 
milk defecation, and between 0.100 and 0.120% CaO on juice for milk of lime 
defecation. 

I I I I I 

B.M.A. Clarifiers 
These units, a development of the earlier.appearing Dorr clarifiers, were 

devised by Braunschweigische Maschinenbauanstalt, and are coming into increasing 
u9e in North America. Like the Dorr and its brother descendants they are multiple- 
tray units and have many points of similarity, but there are important dimerences. 

B.M.A. clarifiers basically consist of a number of settling compartments 
stacked one over the other; but unlike the Dorr assembly the trays are not inter- 
connected by a central well. Each compartment is a completely discrete unit. 
Figures 8-38 and 8-39 show the construction. 

Each individual tray contains an inner, centrally located truncated cone, 
inverted, the top of which is fastened and sealed to the roof ofthe tray compartment. 
First carbonation juice or other f e d  material is fed in over a multiple weir which 
splits the total flow between the individual trays. The feed enters the inner cone 
tangentially, keeping the "swirling" motion away from the outer settling chamber. 
After such "cyclone-typc action" the pmonentrated juice-mud mixture is discharged 
through the bottom of the inner, truncated cone into the outer chamber for further 
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settling until the clear juice leaves the individual tray via clear juice collect- 
ing launder. This semi-laminar flow arrangement avoids turbulence which might 
interfere with the sedimentation. As the juice travels out of the open inner cone 
bottom, the sludge goes to the bottom of the compartment. where it is guided by 
moving "wipers" or "sweeps" into the central underflow discharge. The partially 
clarified juice continues its rotary path up the outer compartment of the tray. In its 
path upward it meets descending particles of sludge which may act to "filter" the 
juice of inert particles such as field dirt. 

An important dimerence from the Dorr clarifier is that the B.M.A. settling 
compartments are not filled with pickets and other moving items which might 
interfere with laminar flow, and are readily broken by encountering any solid item 
which may have accidentally entered the clarifier. 

In a later design clear juice leaves by an outlet header (see Figure 8-40). S k i m m i  
devices prevent any floating solids from leaving with the clear juice. The thickened 
sludge is not pumped out, but leaves by gravity, thus avoiding breaking up floc- 
culated agglomerates. T h e  rate of sludge removal can be controlled by automatic 
valves activated by hydrometers in the underflow-discharge piping, which can main- 
tain a desired underflow density over a wide range. However, the installations in 
North America d o  not use this control. I t  is rather easy to check the performance of 
the clarifier in a dinerect way rather than by automatic valves: A small pipeline (see 
Figure 8-39) located about 8 inches under the clearjuice overflow level, runs to the 
control station, where it passes through a back-illuminated sight-glass tube. If 
the upper portion of the juice in the compartment becomes slightly turbid, the light 
behind the sight-glass appears to become extinguished, and the operator remedies 
the approaching difficulty manually by slightly opening up the appropriate under- 
flow discharge control valve. This advance warning of 8 " level difference gives the 
operator ample time to take corrective action and without foul-up of the clear juice 
overflow. 

Clear Juice Outlet 
Header 

Clear Juice Outlets 

Skimming Device (Foam Ring) 

Path of Clear Juice-  

Juice Level 

Figure 8 4 .  Dctnil of clear juim rcmrml ring of B.M.A. clarifier. 
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If the rotary vacuum filters are physically located below the clarifier sludge 
outlet, the absence of sludge pumps permits feeding them by gravity alone, and 
better sludge filtration results from the large flocs, which have not heen broken up 
by pumping. 

A major advantage of the B.M.A. clarifier is that in case an operating speedup 
or slowdown becomes necessary. one or more of the compartments can be drained 
and taken out of service, or filled and put in service. This avoids fluctuations in 
juice quality due to variations in clarifier detention times. The normal detention 
time is about 40 minutes. Settling aids may be employed by the operating company, 
if desired. 

If the slice rate is to be lowered, the removal procedure to avoid lengthening 
the detention time is to discontinue the use ofthe top tray first, or to take any other 
tray out of service, and run some water into the inactive compartment so that the 
wipers do not run dry, Any tray can he emptied without any physical prohlems such 
as possible structural collapse, as is the case with other units. 

References may be made to Figure 8-39 for venting and other mechanical 
details. 

In summary, the B.M.A. clarifier has the advantages that: a) the juice is 
partially filtered through a layer of sludge; b) if the clarifier is located above the 
rotary filters, no sludge pumps are necesary, and sludge filtration will he easier; and 
c) in case of factory variations in operating rates, tray compartments may he put 
into or taken out of service, avoiding widely varying clarifier deteniian times. 

Laboratory Thickening T a t s  for Tray-Type Clarifier8 
Two batch settlingtest procedures have been used, that of Coe and Clevenger 

( IO)  and that of Kynch (32). 
The Coe and Clevenger test has proven generally successful, in that its use in 

the last 40-50 years has usually resulted in installation of clarifiers of adequate size. 
It has two deficiencies, however, the reslurrying ofthe samples tends to change the 
physical characteristics of the suspended particles, and it is a complicated procedure 
for field use. The Kynch batch test is now known to he basically unreliable, so no 
procedure is given for its use. 

Cor-Clevenger lest 

The determination of the settling c u i v  type ofthe first carbonation juice is of 
considerable use in practical operation. The CoeClevenger test involvcs the tech- 
niques used. Simple observation of the rate of fall of the mud-liquid interface in a 
cylinder gives data valid only for the particular dilution of mud and juice, and thus 
measures the settling rate of the feed mixture only. or in the superior parts of the 
settling trays. The Cae-Clevenger test measures the rates at a number ofdilutions, 
and by its use a) comparisons may he made of the settling characteristics of various 
clarifier feeds; b) the clarifier area required to clarify a given feed material may be 
calculated for a given amount of solids and a fixed ratio of fluid to solids in the 
underflow; c) the underflow mud ratio to give satisfactory clarification under fixed 
conditions of clarifier area and amounts of solids may be calculated and d) the 
amount of suspended solids that can he settled satisfactorily by the clarifier under 
fixed area and discharge ratio may be calculated. The method cannot be applied 
when compression ofthe mud occurs, but this seldom enters into processing of first 
carbonation muds (1 la,29a). The test as described assumes a sharp "break" in the 
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settling of the original feed mixture. If this is not so, the procedure must be 
extended to test mixtures between the consistencies of the clear overflow and the 
feed. 

As mentioned above, in any vessel used for settling, there will be found 
mixtures of sludge and juice of every consistency between dear  overtlow and that 
of the feed and of the discharge, although some of the layers may be infinitely 
shallow (IO).  The maximum capacity of the clarifier may be expressed by: 

C = WR/(F-G) 

where C is the capacity, in Ibs solids per sq ft per hr; W is the weight of clear juice 
in Ihs per cu ft; F is the weight ratio of fluid (clear liquid) to suspended solids in the 
layer considered: G is the weight ratio of fluid to solids in the underflow discharge; 
and R is the rate of settling of the mud particles in the mixture of consistency F, in ft 
per hr. 

The capacity of the clarifier for any mixture will be the smallest value of C 
obtained by applying this formula to a series of tests made on mixtures of mud and 
juice varying in consistency to cover the range desired. 

Test Procedure. A one-liter graduated cylinder of the mixtures is placed 
within a constant-temperature bath, which has a glass window for observation. An 
opening in the top ofthe bath permits stirring and withdrawal of liquid by a suction 
tube without opening the door. Control of the temperature to * 2 "C is necessary to 
minimize convection currents which disturb settling. For the same reason, the liquid 
medium of the constant temperature bath may not be in contact with the test 
+n&-fa;cr c~zv;c:Lon currents occur if 22 air spzce ktervene.. T h e  mixture i i  
stirred thoroughly with a large rubber stopper on the end of a glass rod. After the 
solids have settled about IL-inch, the precise level is noted, and an interval timer is 
started. At the end of, say, 2 minutes, the height of the solids-liquid interface is 
again noted. and a measured quantity of clear solution is withdrawn from the 
cylinder. The remaining m a t e d  is again stirred, and the procedure repeated. A 
schedule which has been found satisfactory for about 3.5 percent lime addition on 
beets, involves successive withdrawals of 400, 100, 50, 50, 40, 30, 30, and 25 ml 
portions. This schedule is changed to meet particular conditions. If the curve is of 
typc A, only four or five test mixtures are necessary-enough to be sure of the type, 
as in this case the original feed mixture determines the clarifier capacity, providing a 
sharp mud-liquid interface is obtained. A type B curve may require a greater 
number of mixtures in the governing region, or the capacity-determining mixture 
may be missed. Frequently in making tests on unknown materials, a preliminary test 
is required to determine the proper schedule. 

A specific gravity determination is then made with a pycnometer at 20 "C on 
the original mixture, the contents of the pycnometer are filtered through an asbestos 
pad in a Gooch crucible, and the solids are dried at 110°C for 1.5 hours and 
weighed. The pelrentage of dry substance in the clear juice is determined with the 
refractometer. 

Funher details of the test procedure may be found in the first edition of this 
book (38a). If chemical settling aids are used, these must be taken into consideration. 
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C. WaterSoluhlc Polymers as Settling Aids i n  the Sugar Factory 

Chemical Development* 
The main use of water-soluble polymers in the sugar industry is to promote 

the flocculation and thickening of lime and calcium carbonate sludges. A further 
use is in the clarification of waste, flume and wash waters. A wide variety of 
materials has been recommended for this purpose, hut only a few are in use. They 
fall into two classifications: natural, and synthetic. 

Natural ly4ccurr ing Agents. Of the naturally-occurring flocculating 
agents. various carbohydrate materials have heen exploited. These include casein 
from cow's milk (60), algin', Irish moss gum, gum arabic, gum karaya (42), starch*, 
and lignin (45,46). Various substances chemically derived from natural products are 
listed as good flocculating agents, among which are carhoxymcthylcellulose (42), 
cationic starches3, oxidized starches (50), cyanoethylated starch (36,67), and 
collagen derivatives (2 1). 

Probably the most useful for accelerating the thickening of f i s t  carbonation 
sludge has been algin or its sodium salt (38). Algin (Figure 8-4 I )  is a linear polymer 
of o-mannuronic acid, linked by p - 1-4 bonds, with a molecular weight of from 
50 000 to about 190 000. 

Algin was used for many years in sugar factories (25)  hut is now almost 
completely supplanted by synthetic materials. The change has been primarily 
because synthetic agents are more effective, and do not tend to hinder filtration by 
sliming action when inadvertently used in larger quantities. In uses outside the 
sugar indusuy, algin has the disadvantage of being sensitive to bacterial action (65), 
as are other naturally derived agents. Synthetic materials, produced by carefully- 
controlled processes, are chemically more uniform, and thus are to be preferred 
from the standpoint of dependability. 

Synthetic Agents. Acylamide  Derivatives. Synthetic organic sedimentation 
and flocculating agents are all high.molecular weight, water-soluble polymers, 
produced from low molecular weight monomers. Linear polymers derived from 
acrylamide. with molecular weights greater than about 300 000, have found the 
greatest use'. Polymerization of acrylamide is normally carried out in aqueous 
solution by radical initiation (Figure 8-42). 

The molecular weights of such products can be controlled fmm about 30  000 
to a maximum of about 10 million. Polyacrylamide can also be prepared by partial 
hydrolysis of polyacrylouitrile (Figure 8-43). Furthcr hydrolysis of polyacrylamide 

1Sce As. (23, 25, 42, 65) 
2See refs. (7, 17, 20, 39, 58, 62) 
,See r d s .  (9. 44. 51, 59) 
'see refs. ( I ,  11. 16, 23; 24, 27, 49, 57) 

'by R. M. Sequeira 
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can be carried out to produce partially hydrolyzed material, or, finally, under more 
vigorous conditions, polyacrylic acid. Saponification of polyacrylonitrile, poly 
acrylamide, or partially hydrolyzed polyacrylamide with alkali metal hydroxides 
prnduces the corresponding carhoxylic add  salts. All the hydrolyzed and partially 
hydrolyzed polymers are water-soluble, and have been mentioned as flocculating 
agents (2). A wide selection of flocculating and physical properties is obtainable by 
the partial hydrolysis of polyacrylamide, by controlling the degree of hydrolysis of 
the amide function and the ratio of amide to carboxyl groups. Further variation of 
properties is secured by changing the molecular weights used. 

Other variations are achieved through copoiymerization of acrylic with other 
monomers. Substituted acrylamides and methacrylamides, which can be copolymer. 
ized with acrylamide, to subtly alter certain properties such as solubility, electro- 
phoretic mobility, charge distribution, molecular weight, and other flocculating 
characteristics arc listed in Figure 8-44'. Even more materials are potentially 
available by reactions of individual polymers other than hydrolysis and saponifica- 
tion, but in general, such materials are not commercially available in large quantities 
(22,55,69).  

& ? - R . &  
H H H 
H H CH, Figure W. Some A q l i c  Comonrr 
H H CH,OH men which can bc Incorporeld inlo 
H H CH(CH,), Polpcrylsmidc P a l p e n  
H CH,CH, CH,CH, 

7' 
cH2=i CH, H H 

CONR,R, 

Other Synthetic Polymers. In contrast to the acrylic polymers, the nonionic 
polyethylene oxide polymers have been mentioned as useful water-soluble floccu 
lating agents. These are commonly prepared by anionic. cationic. or catalytic 

'See refs. (4, 6. 8, 30) 



CHEMICAL SETTLING Ains 245 

polymerization of ethylene oxide (Figure 8.45) and are available with molecular 
weights up to about 5 million (31,66). Although these polymers are claimed to be 
useful in the sugar industry, no specific applications have been noted at this time. 
Polyethylene oxides are somewhat subject to autoxidation in aqueous solutions, and 
have the further disadvantage that being nonionic, they are less effective than are 
polyacrylamides in electrostatic coagulation of suspended matter hearing a charge in 
solutions. 

Figure 8.45. Polymcri ia i ion  of 
Ethylene Oxide -E 3 n C H ~ C H ,  - CH,-CH,-o 

I l * * L l W l  O l l D l  , O , " T , * * L T H E  O X l O l  

Other synthetic polymers which have been claimed to have utility as 
flocculants or settling aids are polyethylene imines derived from ethylene imine 
(adridine). Polymerization proceeds under acid catalysis as shown in Figure 8-46. 
The difunctionality of the intermediates involved produces substantial chain 
branching in the final product. resulting in molecular weights of only about 5000 or 
less (40.53). Nevertheless, the products are claimed to be useful flocculants, 
probably due to their high electrostatic charges rather than for viscosity improve- 
ment in solution (15). Since higher viscosity, which is related to higher molecular 
weights, generally improves flocculation, the performance of the polyethylene 
imines can be raised by increasing the molecular weight through crosslinking reac- 
tions with ethylene dichloride or epichlorohydrin. Exc:ssive crasslinking. however, 
causes insolubility in water due to gel formation 

n CH,-CH, CH,-CH, >? - L ' C ,  H,N-CH,-CH,-NH 

I 
4 

*11110111 ..IC. 

Figvrc &(6. Polymerirntion of Aiiridine 

Many miscellaneous polymeric materials have been claimed to be of utility in 
the sugar industry as flocculants. Their practical usefulness has largely yet to he 
substantiated, however. Among these are included alkylene dichloride-alkylene- 
polyamine polycondensation polymers and their crosslinked derivatives (54) 
polyamines (52 ) .  vinyl acetate-maleic acid copolymers (29,34), polyampholytes 
prepared by reacting combinations of copolymers of isobutylene, maleic acid, 
styrene, methyl maleate. vinyl methyl ether, ethylcnr, methacrylic acid, and vinyl 
acetate with dimethylformamide and 0 -dimethylamino-ethanol (1 2). condensation 
products of guanidine and formaldehyde (35), salts of polymcrizable acids such as 
itaconic, ethenesulfonic, and their copolymers with styrene, vinyl esters, vinyl 
ethers, as well as quatcmcrized polymers or copolymers of acrylic or methacrylic 
acid such as ~-tnmethylammonioethylmcthacrylate chloride, vinylammonium 
chloride, 4-vinyl-N-methylpyridinium bromide, vinylpyridinium bromide, or vinyl. 
pyridinium chloride (56). One interesting polymer claimed in the clarification of 
cane sugar juice is a liquid polyorganosiloxane ofthe form RnSiOp.yz where R is a 
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univalent alkyl or aryl hydrocarbon and n =  I .99 to 2.01. These polymers are said to 
aggregate and settle the floc when added before the normal precipitating chemicals 

Physics of Flocculation. Basically, flocculation is the agglomeration of 
small, discrete particles to form larger aggregates. The size of the larger units is 
such that they are visible to the naked eye and are readily filterable, while the 
smaller particles are of colloidal or smaller dimensions. In the presence o f a  settling 
aid, the smaller entities are held together by macromolecular bridges, forming a 
loose, three-dimensional network. 

The mode of action of a settling aid in promotion of flocculation depends on 
many factors related to the adsorption of the polymer on the suspended particles. 
This may take place by chemical bonding or electrostatic attraction. Further, a 
single, very long-chain linear polymer with high molecular weight may have many 
adsorption rites and may he ahle to hind many particles. A typical polymer-snlid 
adsorption system is approximately described by a Langmuir adsorption isotherm as 
follows (28,33,61): 

(13). 

where =fraction of adsorption sites on the surface of the particle covered by the 
polymer, P is the equilibrium concentration of polymer in solution not bound to a 
particle, and b is an adsorption constant dependent on polymer and particle praper- 
ties. P is related to the initial, nonequilibrium concentration of polymer, Po by 

('0) I' = I:, - kwO 
where k is a constant which depends on the surface area of the particle and the 
number of adsorption sites per mi l  area and w is the solids concentration of the 
suspension. I t  obviously follows then, that 

and it is apparent that 0 increases with initial polymer concentration, and with 
decreasing numbers of particles in suspension. 

By a detailed consideration of the rate of floc formation and the rate of floc 
destruction by desorption, the equilibrium radius of the floc particles (R,) is shown 
to be 

(12) 
k 
kl  " 

K =_i " 0 2  (I-GJy? 

where ki and kz are rate constants related to the formation and decomposition of 
flocs, and N, is the (equilibrium) number of solid particles per unit volume. TJnder 
these conditions, the extent of flocculation is at a maximum when 0- 0.5. In 
practical situations, however, a true equilihrium is not necessarily attained, since 
flocculation rates are also dependent on other factors such as the mode of addition 
of the flocculant, the degree of agitation, the ratio of particle size to polymer length 
and molecular weight and size, number and size of adsorption sites, and many other 
variables. 
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In colloidal systems, the olganic panicles in suspension are most often negatively 
charged. With respect to first carbonation juice. however. the preponderance of a 
positivelycharged inorganic colloidal dispersion of calcium carhonate has a strong 
influence on the nature of the overall electrostatic character of the colloid. Those 
polymers, which themselves are positively charged in solution and which have been 
mentioned as useful in juice flocculation, such as polyacrylamide, guar gum, starch 
derivatives, and casein, probably react with the organic portion of thc colloid to 
cause flocculation. It may be that anionic types, such as partially hydrolyzed poly- 
acrylamides-Separan, for example-are more elfective since they can operate 
directly on the positively charged calcium carbonate particles. 

Considering the complexity of the colloidal system obtained during juice 
purification, it is likely that successful flocculating agents operate through a 
combination of mechanisms, such as viscosity effects, hydrogen bonding, metal-ion 
bridging, and stereochemical entanglement. The viscosity and solution structure of 
polymers has been round to exert a great influence in formation of floc networks. 
For instance, polyacrylamide and galactomannan. which is related to algin, have 
been found to form similarly ordered fibrous structures on colloidal surfaces when 
examined by electron microscopy (5). Their relative flocculating abilities are 
strongly correlated with their high intrinsic viscosities and fibrous structure in solu- 
tions. An excellent discussion, describing the important chemical and physical 
mechanisms involved in flocculation has been given by Atcia and Fuerstenau (3a). 

Use of Flocculating Agents i n  Clarifiers* 
Scdimentation type clarifiers have been in use in the beet-sugar industry for 

many years for the continuous removal of suspended solids in first carbonation juice 
(60.68). Many efforts have been made to increase the capacity of existing units. 

Although thin juice quality is improved hy use of high alkalinity in first 
carbonation, settling rates of suspmded solids in first carbonation juice are better at 
low alkalinities. Since the clarification operation is often a limiting factor in plant 
operation, it may he necessary to sacrifice juice quality to achieve increased 
production. 

Since it is advantageous to acce!erate settling rates to increase plant capacity 
and enable use of higher alkalinity in first carbonation, the use of settling aids can  
be economically justified. The use of algin, which was patented by Moore (42) in 
1954, increased settling rates of suspended solids in first carbonation juice by a 
factor of 2 to 3 and resulted in a much clearer settler overflow. Filtration of 
underflow was also improved. When settler area was a limiting factor in plant 
operation, the use ofalgin was estimated to increase factory capacity up to as much 
as 50%. 

Further improvement in settler capacity was achieved by the advent of 
synthetic settling aids such as Separan AP30 (43,63). The polyacrylamide type of 
settling aid was ahout 3 to 4 times as egeective as algin for settling of solids in first 
carbonation juice. The criteria for a good settling aid are 1) retains egectiveness 
over long periods of t i e  at high temperatures and alkalinities, 2) no interference 
with filtration of underflow, 3) no interference with product. 4) produces a 
favorable ratio of overflow to underflow, 5 )  produces clear overflow. 

'by 0. V. Bonney and F. G. Eis 



248 BEET SUGAR TECHNOLOGY 

Modern settling aids of the Separan AP30 type met these requirements. The 
synthetic polyacrylamide type of settling aids have been improved and the newer 
types may be more than twice as effective as the earlier synthetic products. Normally 
2 to 3 ppm results in good coagulation (27.48) of solids but at times higher levels 
are desirable. The maximum amount which may be used is limited by Food and 
Drug Administration regulalions (3). 

For the most effective use of settling aids the compound must he properly 
prepared in a stock solution and diluted prior to addition to settler feed. The 
settling aid should be added to the settler feed at the correct place. A typical 
installation is illustrated in Figure 8-47. 

Pigurc 8-47, lnitallatian for Addition of Settling Aid 

Manufacturers specify optimum concentrations of stack solutions, the 
temperature of water used in preparing the solutions, and the dilutions required. 
Stock solutions of 0.3% by weight are normally prepared using water at not over 
60 "C. The stock solution should be allowed to age for a period of time before use 
and is then diluted to about 0.05%. prior to addition to settler feed. The point of 
addition should be considered. For heat economy the dilution liquid should be 
clarified juice rather than water. A point of addition too close to the settler may 
result in inadequate mixing and poor coagulation of solids while addition too far 
from the settler may result in a breakdown of the coagulated particles in the pipeline 
ahead of the settler. Multiple addition points may be used with good results. Inade- 
quate dilution of settling aid may result in loss ofeffectiveness by poor dispersion in 
the feed. 

Since efficient operation of the Dorr type clarifier may depend on the proper 
and continuous addition of settling aid, the installation and equipment must he 
reliable. A system with dual stock solution preparation tanks, dual calibrated stock 
solution metering pumps, and flow meters and alarms for various streams and tank 
levels should he provided. 

New Type of Clarifier. A recently developed method and apparatus for 
separating solids from liquids, marketed by the Enviro-Clear Division of Amstar 
COT., utilizes the full potential of modern settling aids (18). A 14 ft diam. single- 
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tray unit of the new design replaced a 26 ft diam. 4-tray Dorr at the Woodland 
factory of the Spreckels Sugar Company early in 1969. 

In this process, settling aid is added to the feed ahead of the settler inlet to 
promote initial coagulation of at least part of the suspended solids. Additional 
agglomeration occurs within the clarifier to produce a rapid-settling and easily- 
removable. dense underflow. A schematic flow diagram of the process is shown in 
Figure 8-48. 

,.... .*,", ."O1~..,,cl",c ,,"., 
CO.!.Ot,,. 

\ ...., 

The settler depicted is of the bottom entry type. In other, top-entry models, 
there is a horizontal feed pipe near the top of the settler. This pipe. which enters 
through the side of the tank shell, extends into a central downcomer arrangement. A 
deflector plate is located just helow the bottom of the downcomer. 

The incoming feed, to which settling aid has been added, enters the clarifier 
through the feed pipe and into the centrally located feed well. The vertical flaw of 
juice is diverted to a horizontal plane by a deflector plate opposite the outlet of the 
central feed well. The feed is dispersed into a settling bed of previously ag- 
glomerated solids and the juice then percolates upward through the sludge bed. 

The pattern of flow imparts a gentle rolling action to the sludge bed and 
provides additional solids contact for further agglomeration of suspended particles 
and fines. As the particles grow and become denser. they Settle at faster rates. The 
sludge bed has an increasing solids content from the top to the bottom. 

The sludge bed level is controlled a short distance above the deflector plate by 
regulating the underflow withdrawal. A minimum distance is maintained through 
which solids must settle. The free settling zone, often rate controlling, is avoided by 
introducing the feed into a zone of compaction or hindered settling. A distinct inter- 
face occurs between the sludge bed and the clarified liquor. Maintaining the sludge 
bed a short distance above the feed distribution point allows a filtering action as the 
liquid percolates upward through the sludge bed. Conventional sludgc rakes aid in 
sludge compaction while moving sludge to a central mud hoot at the bottom of the 
settler for withdrawal. 

~ 
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Clarified juice is collected a t  the top ofthe settler by a launder, and routed to 
second carbonation in the usual manner. 

The sludge bed level may be automatically controlled by appropriate 
instrumentation. Flow-through cells. sonic interface sensors and float type sensors 
may be used for this purpose. With flow-through cells, liquid at the sludge level 
interface is drawn through a transparent cell. The change in light transmission 
through the cell as the liquid becomes turbid because of the presence of suspended 
solids is used as a basis to regulate underflow withdrawal equipment, Control 
systems have also been developed for automatic control of settling aid addition and 
other variables to optimize settler operation. 

Sonic interface sensors utilize high frequency sound. When changes in sludge 
bed level cause the sensor to be in or out of the sludge, a change in sound transmis- 
sion occurs, which results in generation of a signal to operate the underflow 
withdrawal equipment. 

A continuous indication of sludge bed level is obtained by use ofa  float which 
moves up and down with the sludge bed interface. The specific gravity of the float is 
adjustable. A varying signal is produced as the float rises or falls to result in an 
analog output proportional to the float position. 

In special cases it may be advantageous to recirculate a portion of the 
underflow to the settler feed. This technique may be used during short shutdown 
periods to avoid plugging of the underflow line if the settler is not emptied. During 
Steffen campaigns, when the settler feed rate may be relatively low and the under- 
flow more dense, recirculation may aid in minimizing the possibility of plugging 
settler pipe lines. In other applications, such as beet flume water clarification, 
recirculation may be useful. 

The new process maintains short distances for particles to settle, thus allowing 
a minimum height requirement for clarified liquid. Flow rates of over 5 gpmlsq ft of 
settler area are readily achieved with retention times of less than 5 minutes. A 
~ ! n d g ~  h ~ d  depth nf ahnrrt 2.5 feet nllowi adl-quatc thickening while a t i t d  
operating depth of about 4.5 feet allows adequate clarification in a 1 7  foot diameter 
settler. Retention times of over 90 minutes are common in conventional sedimenta- 
tion type settlers. 

The short juice retention time minimizes juice degradation. Color and lime 
salts formation and sugar loss associated with long retention time at high alkalinity 
and temperature are avoided. The small volumes involved and simplicity of the new 
type settler also reduce start-up and shutdown times. 

Since the introduction, about 1970, to the beet sugar industry, the Enviro- 
Clear clarifierlthickener has found world-wide acceptance in several other areas, 
including minerals and coal preparation. Presently, there are 28 units installed in 
beet sugar factories in the United States, Canada, and Europe ranging in size from 
10 feet to 23 feet in diameter. In all, there are over 200 units in operation world- 
wide ranging in size up to 85 feet in diameter. 

Experiences in the use of the EnviroClear are described in various publica- 
tions (4a, 8a. 38b, 56a). 
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Chapter IX 

JUICE PURIFICATION 111 
A. Second Carbonation’ 

The predefecation pH, the amount and manner of reagent lime addition, the 
detention times, and the carbonation end point alkalinity, all influence the degree of 
precipitation, adsorption, and removal of several of the raw juice impurities in first 
carbonation, 

With the separation of these precipitated solids and of the impurities adsorbed 
thereon, a new ionic equilibrium can then be established favorable for additional 
deliming and impurity removal through a second carbonation and a second solids 
separation. 

For minimizing sucrose destruction at the elevated temperatures of the 
following evaporator and crystallizing systems and for precipitate filterability. an 
adjustment of the remaining ionic concentrations and a modification of some of the 
remaining molecular constituent: may be necessary. A pre-second carbonation treat- 
ment with a previously precipitated calcium carbonate or a delayed main liming for 
an adsorptive carbonation. a concurrent addition of alkali cations or a post- 
carbonation pH reduction by sulfitation are additional considerations of the final 
beet-end processes. 

Basic Considerations i n  Second Carbonation’ 
Second carbonation is the second stage of the deliming, with the purpose of 

removing all the lime possible from the clear first carbonation juice (24,34). This 
unit process is remarkable for its simplicity of pu’pose and complexity of chemistry. 
For a discussion of the basic physical chemistry, please see pp. 176.179. 

Several of these chemical formulas, Eq. 16 through 20, are statements of 
reaction equilibrium. The nonequilibrium dynamics of the on-going, continuously 
reacting system of the plant process, yield a still supersaturated limed juice, the 
second carbonation filtrate. Reduction of both the quantity of residual lime and its 
supersaturation is the basic objective of the total second carbonation treatment 
(2,38a,38b). 

If the lime content of the thin juices is not reduced to a minimum. there may 
be scale formation in evaporators and vacuum pans, turbidity in solutions of white 
sugar due to lime salts. and increased loss of sugar in excess molasses formed. 

First carbonated clearjuice is a rather complex molecular and ionic “soup” of 
variable composition. The equilibrium constants must be related to their total 
chemical environment. In the sugar juices of the factory process, the ionic concen- 
trations are not always dilute and many interfering substances are present 
(1,3,6,17a). Some are simply spectator ions and have little or no influence, while for 
other ions, particularly nonprecipitating carbonated cations, the common ion 
(CO,’) effect is substantial (20a). 

The pH and ionic environment established prior to and during first cads na- 
tion will have a significant influence upon the effectiveness of impurity removal in 

‘by R.A. McGinnis; revised by G.W. Cossairt 
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this, the first precipitation and deliming treatment. Some impurities are completely 
precipitated at a high alkalinity end point. Others are poorly removed at high 
alkalinity but are very effectively removed at a lower pH. The process design must 
bc for a high f i s t  carbonation final alkalinity, consistent with acceptable settling 
and filtration rates for a clear first carbonation filtrate. The high alkalinity reactions 
can thus be optimized. This same elevated pH causes more Ca t+  and OH- ions to 
remain dissolved in the clear juice. Fortunately, at a reduced pH, these Ca" ions. 
in the presence of added COS-- ions, can be reduced to an optimum low concenua- 
tion. The total process design is thus made most effective by the two successive and 
different ionic equilibrium conditions, both of which are optimized at their 
respective pH levels. 

Natural  Alkalinity. Assuming no supersaturation of calcium carbonate. the 
alkalinity of treated juice from which the removal of dissolved lime salts has been 
completed through rigorous liming and carbonation, is the natural nlkalinify (19). 
The OH- ions making up this alkalinity are ionically balanced against K' and Na+ 
ions. Other defmitions of natural alkalinity: a) it is equivalent to the quantity of 
lime-precipitable acids, less the lime-nonprecipitable acids, in the diffusion juice; 
b) it is approximately equal to the equivalents of potassium and sodium carbonates 
remaining in the thin juice; c) it is equivalent to the potassium and sodium salts in 
the diffusion juice which have anions precipitable by lime. 

In  degraded beets (34) there are excessive amounts of acids not precipitable by 
lime, and their soluble lime salts remain in the finished thin juice as neutral salts. In 
order to have sufficient thin juice alkalinity to prevent the crystallizing materials 
from becoming acid, it is then necessary to leave some free lime, with the usual con- 
sequences of high lime salts. Therefore it is very desirable to maintain the natural 
alkalinity against depressing influences. 

Substances which are acidic decrease the natural alkalinity. These include 
(26): a) amides, such as glutamine and asparagine, which form acids with soluble 
iime salts and evoivc ananunia; L) iweri  siigars, which On dcstmcdon ir. liming 
form coloring matter and acids with soluble lime salts-mostly lactic; c) calcium 
and magnesium naturally occurring in the beets, which, on precipitation take 
hydroxyl groups or their equivalent with them; and d) amino acids, which have 
soluble lime salts. 

Substances which increase the natural alkalinity are: a) compounds with 
precipitable lime salts, such as oxalates, phosphates, some pectic substances, pm- 
tcins, cimtes, malates, and sulfates; b) alkaline chemicals which are added to the 
juice, such as soda ash, trisodium phosphate, and caustic soda. 

The concept of alkali ~ C S C N C  has been introduced (30). which is the difference 
between the equivalents of alkalinity increasers and alkalinity decreasers. If a juice 
has adqua te  alkali reserve, it assures low lime salts, and minimizes pH lowering in 
the following processing. The natural alkalinity of the diffusion juice can be main- 
tained by preventing fermentations in bcet-end juices which produce acids not 
precipitable by lime, such as lactic, and the lower aliphatic acids; and which invert 
sucrose, to eventually form more lime-nonprecipitable acids. 

A factory incorporating the Steffen process has thin juices with greatly 
depressed-usually negative-natural alkalinity. Acids of low molecular weight are 
produced by the decomposition of lime-precipitated substances under the drastic 
conditions of pH and temperature in the Steffen process, and these reenter carbona- 
tion adsorb4 to the lime sacharates in the saccharate milk. Beets grown in dry 
seasons also yield juices with lowered natural alkalinities (3 I). 
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The natural alkalinity is customarily detehnined by subtracting the lime salts 
content of the juice, as determined by analysis, from its titrated alkalinity to a 
phenolphthalein end point of 8 pH, the results of both k i n g  expressed in % CaO. 

Optimum Alkalinity. This is the actual second carbonation alkalinity at 
which there is a practical minimum of lime salts in the finished juice. This differs 
from the natural alkalinity, which ignores the presence of bicarbonates, and the 
effects of ionic strength and of buffering materials. Theoretically, it has k e n  
pointed out (32), the optimum alkalinity should be about half the natural alkalinity, 
and the optimum alkalinity can be determined by titrating the juice to the 
bicarbonate end point. 

The optimum alkalinity differs for juices of different chemical composition. 
and must k especially determined. At the optimum, there is much more HCOs- 
than OH- present. This is illustrated by the following data of Dedek (16): 

Table PI 

12 
11 

98.3 
86 

II 
8 

5.6 
0.6 

At each pH, of course, essentially all of the remaining CO? derivatives are in the 
form of HCOs-. From examination of these data, it is apparent that for the best 
deliming, or the highest (CO.I'), the second carbonation end point should he as 
alkaline as possible, hut the excess alkalinity should be natural alkalinity and not 
lime alkalinity. 

Determination of Opt imum Alkalinity. The optimum alkalinity should be 
redetermined when the type of beets sliced or the molasses worked changes. 
Following are methods for its determination (29). 

1) The standard method is to carbonate a container of clear first carbonation 
juice in the laborato7, withdrawing samples at frequent intervals, which are 
analyzed for alkalinity and lime salts. From the results, the alkalinity for lowest lime 
salts can easily k determined (34). 

2) A container of clear first carbonation juice is gassed to a well over- 
carbonated condition, and then vigorously boiled for several minutes to decompose 
the bicarbonates. The alkalinity of the final juice is the optimum providing that the 
original juice was thermostable. 

3) Methods are in use in Europe, using as reagents barium or calcium 
chloride (5,35,39). 

4) A double titration with two indicators is made to determine the hydroxyl 
and carbonate alkalinities. The method is not exact. 

5) Schneider (27) has published an automated method using repeated 
titrations for lime salts with Complexon, a lime-chelating reagent. 

6) If sufficiently frequent determinations of second carbonation alkalinity and 
thin juice lime salts are made far facto7 control. an inspection of each will indicate 
the approximate optimum. This method is used extensively in the United States. 
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7) The classic method is through correlation with the natural alkalinity. 
Effective Alkalinity. As a result ofpreviously-mentioned studies ofBieghe1. 

Miller and BriinicheOlsen (2,3,6,18) it has been found that an cfleeclive o h l i n i r y  
which involves titration to an end point of 9.25 pH instead of to 8 pH,  is more 
closely associated with the optimum alkalinity. The former pH is much closer to the 
normal end point of second carbonation, and does not include the titration of a 
number of buffer substances. present in variable quantity, which are not usually 
involved in second carbonation reactions. The effective alkalinity, in W CaO, is 
obtained by subtracting the ml of soap solution used, or equivalent of chelating 
reagent, from the ml of NI28 H ~ S O I  involved in titrating the filtered first 
carbonation juice to 9.25  pH. If negative values are obtained, the values afford a 
rational and accurate measure of the amount of soda ash required to maintain any 
desired value of effective alkalinity. Figure 9-1 shows the relations between effective 
and optimum alkalinity. 

The effective alkalinity is, then, a more accurate measure of the deliming 
ability of a juice than the natural alkalinity, and when one wishes to calculate the 
amount of soda ash to add for proper deliming, one can use equimolal quantities, 
instead of using 1.5 to 2 . 0 ~  molar quantities. 

In many areas of North America the beets are of such a nature that natural 
alkalinities are normally very low, and in all Steffen factories the effective alkalinity 
is commonly strongly negative. In such cases, addition ofenough soda ash to restore 
a good alkalinity is too expensive to  he considered, and it is standard practice to add 
soda ash, not in the indicated amounts, but in quantities which can be afforded, 
considering the cost of the chemical and of the extra molasses produced. To this 
majority of factories. both natural and effective alkalinities are only of academic 
interest. 

Practical Process Alkalinity. Optimum alkalinity, as determined for juices 
from second carbonation, may not always be the optimum for the balance of the 
process (8,38a). 

Where the natural alkalinity is of moderate value and the juices are reasonably 
thermostable, the process objective should be the attainment of optimum alkalinity, 
Figure 9-2. In this instance, it  is important that the optimum alkalinity be main- 
tained with as little deviation as possible. If the alkalinity is too low or too high, by 
definition the lime salts will be too high. Variations on the low pH side are particu- 
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lady undesirable, since then the excess lime is in the form of bicarbonate, and even 
already precipitated calcium carbonate can he redissolved. The resultant bicar- 
bonate will decompose to form scale in the high temperature end of the evaporators. 
Even a very short period of overcarbonation will show up as scale. 

Bicarbonate 
/ F o r m a t i o n  h 

Carbonate 
Precip i ta t ion 

Minimum 
Lime Salts Optimum pH 

I 
PH- 

Ifthe natural alkalinity is high, the pH of the optimum alkalinity is also high, 
Figure 9-3. This may be too alkaline for good crystallization, which, in turn, is best 
performed at pH values a little on the alkaline side of neutrality (adjusted for pan 
boiling and the crystallizing temperatures). In such a case, the objective would be 
for careful optimum pH control for gassing followed by a pH reduction by 
sulfitation of the clear thin juice. 

If the natural alkalinity is, comparatively, only a little low, the optimum 
alkalinity may also be only a little low. One might then expect the possibility of 
mildly acidic crystallizing syrups and massecuites, and of saponins in the sugar. In 
these cases, the second carbonation pH controller is set to yield an alkalinity some- 
what above the optimum and the penalties of high lime salts in the evaporators 
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would be countered as well as possible. This condition obviously restricts the use of 
sulfitation for color inhibition purposes. It also establishes the need for an alkalizing 
agent after the evaporators. Such added alkali (often milk of lime) may be added to 
the sugar-end boiling systems or crystallizers only as dictated by the sugar-end DH 
profile, and, prefenbiy as late in the system as possible. 

If the natural alkalinity is low and particularly if the beet-end juices are not 
thermostable, the alternative is to add sodium ion (28) to the thin juice in the form 
of caustic soda (7) or soda ash to the gassing tank of second carbonation (Figure 
9-4). 

C. 

'Natural' 
ODtimum 

Modified 
Optimum 

Figurt 9-4. P m e  0 lion. for Lor 
Natural AIkaIinit,.&sing of fin, 

mnm pH " 6  would yield vrond (PI. 

mporstors and paw. Addition of 
a d a  ash a! ,"A.E" would yield s 
higher, modified oplimumpH "F" for 
improved thcrmatabiliry in c n p r s -  
ems. Similar ravlu am obtained 
nrbonniing "A" to "8." d a u  I 
utunting "8" to "C." snd add%; 
caustic a d a  " C  to " D  to the vrond 

rn.bona,ioo dcar,"Lc"A" 10 i" opti. 

bonat,oon clrrr jdce  pH's ua 10%" for 

rarbolution clear j"iC.. 

L 

DH- 

Estimates of sugar decomposition in tine evaporator and sugar-end syririrra 
indicate the need for a pH~zu.= 7.4 or greater, where pHizu~ is the condition existing 
at a first effect boiling temperature of 120 'C  (38a). With sound beets of moderate 
natural alkalinity, this optimal pH,lo. for evaporation may correspond to the pHm. 
of optimum alkalinity for second carbonation. Adjustment of second carbonation 
actual alkalinity or pH may require sulfitation or alkali addition to assure 
pH1zu-27.4. 

Equipment  for Second Carbonation 
The essential elements of a second carbonation system include a juice heater, a 

gassing tank, a detention tank, and a means of separation and removal of the 
precipitated lime and absorbed impurities. A wide variety of systems has been 
reported as giving reasonably satisfactory service and that equipment specifications 
are not critical (20b). 

Unclean beat transfer surfaces in the evaporators are significantly related to 
the quality of first carbonation elimination of scaling impurities and to the optimal 
deliming and desupersaturation of second carbonation clear juice. Figure 9.5 
illustrates a second carbonation system incorporating several of the technical design 
requirements LO achieve such a reduced evaporator and vacuum pan scaling and in 
some instances, a reduced conductance ash in the final product sugar (24a). 

A heater, C. prior to the carbonation tank, elevates the juice temperature to 
the recommended 95 to 98°C. 

I 
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A gassing tank, D, has a conventional multiple-ring distributor for a 
reasonably fine bubble dispersion of the COz gas. For eNective gas adsorption. the 
liquid depth, as shown, is in the 13-15 foot range. An axial flow pump, E, provides 
counter-current recirculation to lessen the possibility of over and undercarbonation 
and consequently yields a more stable process pH control. The recirculation ratio is 
in the 5 x to 8 x  range. A detention time of IO to 15 minutes is required for the 
precipitate formation reactions. 

The detention or "reaction" tank, G. of this system is divided by a curtain 
partition, H.  The first section contains a venturi-shaped, center-well section I, for 
the rapid and intense mixing of freshly carbonated juice with recirculated, settled 
precipitate from the second compartment. In the settling section an adjustable 
overflow weir, K, establishes the level for both the carbonation and detentions. The 
external recirculation pump, J. operates in the 3 x to 6 x ratio range. A detention 
time of 15 to 20 minutes far desupersaturation and adsorption is strongly indicated 
(12,20,38,38a). 

System Control 
Temperature. At the turn o f t h e  last century, Claassen (14a) reported the 

desirability of near boiling temperatures for the second carbonation process. Boiling 
second carbonation would appear to oNer a means of "automatic" control of the 
alkalinity at the optimum, since many lime salts are less soluble hot (15) and since 
bicarbonates arc broken up rapidly (25). Many second carbonation systems were 
designed and operated on this principle'. Carbonation at full bailing is no longer 
recommended because of the low adsorption of C o t ,  and of the very large amounts 

'See refs. (13.14,17,17a,21,22,23,33,37) 
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of heat required. Actually the decomposition of bicarbonates is a joint function of 
the temperature and the area of the liquid-gas interface. There is no magic in the 
boiling-point temperature. 

Various investigators (20b,24a,38a) have confirmed an optimized process in 
the 92 to 98 "C range. The benefit of these higher temperatures is illustrated in 
Fipure 9-6. The ionic equilibria of the second carbonation reactions are tempcra- 
turn-sensitive. The detention times for precipitate formation and of desupersatura- 
tion are temperature-related. Where adsorption carbonation is practiced, the degree 
of invert destruction, of amide saponification, and of impurity adsorption is  time^ 
temperature-related. Heating of the first carbonation clear juice must be adequate 
and closely controlled. 

Figure 9.6. Typical  cftcct of 
icmpcralurc during second carbons- 
tion on nc.aa lime du. After Vukor 
W.) 

0 1  
90 95 100 

Carbonmian Temp.. .C 

pH Measurement and  Control. Several electrode systems are used far pH 
control. Most are sensitive to carbonate scale coating. Mechanical and ultrasonic 
cleaning have been employed with varying success. Acid cleaning at scheduled inter- 
vals improves the measurement reliability. Self-cleaning antimony electrodes have 
been reasonahl) successful. 

Whether the objective is optimum alkalinity or a modified higher alkalinity, a 
system regulation to -0.1 pH of the selected target is essential for a continuous 
minimum of excess lime salts in the second carbonation clear juice. 

In those growing areas where optimum alkalinity control can he the target, 
and where there is the need and desire for superior optimizing excellence, flame 
photometers (41,42), ion-selective electrode systems, or conductivity (4) are among 
the means of seeking the optimum and then its control. 

Solids Separation. The equilibrium solubility equation, Eq. 20, identifies the 
concentrations of the  Cat' and CO,-- ions as the juice leaves the reaction or deten- 
tion tank. This equilibrium is in the presence of precipitated CaCO3. If the solid 
phase is removed, then the maximum ionic concentration of Cat' is limited. 

A turbid second carbonation filtrate, followed by thin juice sulfitation, results 
in a partial re-solution of the solid, precipitated calcium carbonate. The scaling 
potential of the thin juice becomes greater than that of a clear, sulfited juice. A 
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grossly turbid second carbonation filtrate often becomes a Source of filtration 
difficulty at the standard liquor filters. 

A discontinuity of flow or the incorporation of air into the filter feed slurry 
invariably results in short.term lass of clarity with any pressure filter. The receiver 
tank, K. Figure 9.5. for carbonated and desupersaturated second carbonation juice, 
is also the pump tank for the filters. T o  assure a continuous flow through the filter 
cake and thus to more reasonably assure a continuously clear final filtrate, filtered 
juice is returned to the pump tank when its level falls. i.e., just short of vortex and 
air incorporation into the filter feed pump. The level controller, M, maintains not 
less than this minimum level q. Provision should also be made to recirculate the 
first cloudy filtrate as the filter is started up. 

Lime Addition to First Carbonation Clear Juice 
The addition o f a  small portion of the total lime. ahout 0.2-0.25% on beets to 

second carbonation, has been a fringe, optional accessory to the process for at least 
80 years. The practice has been shown to be beneficial at times in completing 
purification left unfmished in previous steps, particularly with respect to color 
reduction and saponin removal (36). The variance in the benefit derived has been 
illustrated by Vukov (38a) in reporting a reduction of minimum lime salts of 
38+ 17% by a 0.5% CaO addition. The variance in the benefit of lime addition to 
the first carbonation clear juice is related to the nature ofthe impurities in the beets 
as sliced and the purification methods employed prior to and including second 
carbonation. 

Applying the principles of equilibrium. precipitation, colloidal behavior, 
aging. and interference of foreign substances, as has been carefully developed in 
advanced studies of analytical methods (204, the chemistry of second carbonation is 
still complex but becomes less difficult to understand. 

A clear juice being carbonated in a single-pass flow tends toward a 
homogeneous nucleation, a higher initial supersaturation, and a large population of 
small crystals of CaCOI. The unsatisfied surface charges on the crystal lattice have 
a strong affinity for polar, water-solvent molecules. At least temporarily, the water 
sheath of hydration tends to create a colloidal-type dispersion. The redistribution of 
surface charges in the CaCO,-H2O system is timedependent. The probability of an 
increased rate of small crystal agglomeration is thereby reduced. 

A recirculated juice during carbonation will tend toward heterogeneous 
nucleation, i.e., growth upon sites already present. A lower supersaturation will 
prevail. Fewer crystals will form and they will tend to become larger in size. The 
repeated exposures of the alternating forces of hydration and lattice incorporation 
provide more opportunity for crystal growth and for small crystals to agglomerate. 

Agitation is important in bringing about close proximity of the small particles 
for agglomeration and for surface area exposure to the still supersaturated "mother 
liquor." Large size crystals or agglomerates permit practical filtration rates. Large 
size crystals and a larger-than-normal population of such crystals prolride the 
enhanced solid-surface-area-to-liquid-volume needed for supersaturation reduction 
and for impurity adsorption. 

Continuing investigations have re-enforced the opinion ( I  ,24a,38a,40) that 
lime addition is desirable: as a) it assists in lowering CaCO, supersaturation by 
providing additional cryystal surface; b) it adds to the filter cake, and assists in 
removing fine suspensions; c) Dedek found. at times, a measurable increase in thin 
juice purities; and d) the purification by adsorption is especially supplemented. 
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Lime addition in the 0.05-0.2% CaO range has long been found helpful to 
modify the porosity of the second carbonation filter cake. 

A more complete desupersaturation and a stronger impurity adsorption 
capability is realized with lime additions approaching 0.50% CaO, Figure 9-7. 
Calcium citrate (Figure 9-E), calcium sulfate, calcium aspartate, saponins, invert 
destruction products, caramels and melanoidins are among the adsorbcd impurities. 

While polyphenols and melanins are readily removed in the usual high 
alkalinity of first carbonation, the results of faulty (low fmal alkalinity) first 
carbonation cannot be corrected by a strong second liming and carbonation (38a). 

,0301 
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Oldficld, et al., (20c) reported that high concentrations of dextran having a 
high molecular weight, canse the formation of a very fme crystallinity of precipitate 
in second carbonatior. The addition of up to 1% previously carbonated milk of lime 
precipitate to the first carbonation clear juice provides a huge population of largc 
crystals in the pre-second carbonation juice. Upon gassing, the supersaturation that 
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is generated is more easily dissjpated by the already present active, calcite-lattice 
surface area. Those fine crystals that may form are more easily agglomerated. 

Elevated levels of invert, pectin, levan. and dextran are often related to beet 
storage conditions. T o  attain reasonable filtration rates. particularly at second car- 
bonation, a mild defeco-carbonation may be performed at first carbonation with a 
satisfactory settling and filter cake formation. In  this mild alkalinity environment, 
the pectin can be flocculated and removed in the first Carbonation precipitate. The 
alkalinity is low enough so that there is little modification of the dextran or invert 
which passes through with the first carbonation juice. The clear juice is then heated 
and heavily limed (up to 1% CaO) with a detention time of 10 to 15 minutes. 
Dextran, levan, and amino acids or amides such as glutamine are par t idy  
saponified (24a,38a,38h). The high alkalinity of this second liming (or delayed main 
liming) will cause molecular modifications of these impurities such that they are 
more readily adsorbed in the carbonate precipitate. Their innuence on the second 
carbonation precipitate structure is less. The high invert also is, in part. destroyed. 
With adequate alkalinity present to neutralize the acids formed, subsequent pH 
stability is improved. More permeable second carbonation filter cakes and more 
thermostable clear filtrates are attained. 

This high CaO addition to second carbonation can be returned to the liming 
prior to first carbonation and thus can displace an equivalent CaO normally 
required for first carbonation. 

Level control of the first carbonation clear juice receiver tank, A in Figure 9-5, 
permits process flexibility, i.e., a) at low level, as a simple receiver and b) at a high 
tank level, as a reaction tank (with an adjustable detention time) for moderateto- 
heavy liming for precipitate modification. 

Such a lime addition requires an increase in the total amount ofCOx used, for 
while less gas is required in first carbonation, gas absorption is much lower in 
second carbonation, and the total usage is increased. Apparently the lime addition is 
equally effective whether it is in the form of milk of lime, or saccharate milk. 

Lime Salw a n d  Operation 
It is an ermr to group all lime salts in a single chemical class, for operating 

purposes. There are certain lime salts which, if prescnt in quantities as low as 
0.035% CaO, will shut a factory down in a short time through rapid evaporator 
scaling. This t p  of lime salts is found in certain of the central areas of the United 
States, and apparently in many parts of Europe. 

This contrasts with a second type of lime salts, found among other areas, in 
the Pacific Coast states, which can be present in the thin juices in quantities as large 
as 0.400% CaO, with an accompanying degree of evaporator scaling that can be 
economically tolerated with regularly scheduled evaporator.body boilouts. Iden- 
tification of the chemical nature of these two types is needed. 

In geographical areas where a) the type of lime salts prevails which does not 
scale the evaporators rapidly: or b) due to the nature of the beets or to the use of the 
Steffen process the natural or effective alkalinity of the juices is always low or 
negative, it is not economical to fully restore the alkalinity; or c) because of the high 
content of nitrogenous compounds in the beets and the danger of acid crystallirers, 
as well as to reduce incidence of floc, it is necessary to hold the operating alkalinity 
of second carbonation well above the optimum for lowest lime salts; operations are 
under different principles. 
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In factories in such areas the second carbonation may not be closely con- 
trolled, and the end point alkalinity may be set at a value high enough to keep the 
thick juice alkaline, with the additional help of the soda ash that can be afforded. In 
such operations. no regard is paid to the natural or effective alkalinities, or to the 
stoichiometric quantities of soda ash used, and no attention is given the optimum 
alkalinity for lowest lime salts, since it is usually lower than the operating alkalinity. 

Thus the second carbonation tends to assume the status of an automatic 
process, very desirable from an operating point of view, which is allowed to run 
with little attention, and with major fluctuations in temperature, detention time, and 
pH or alkalinity values. 

In these areas the beet quality is generally inferior, and processes supple- 
mentary to the standard juice purifications are needed to produce white sugars of 
acceptable quality. Such supplements may be ion-exchange installations, either for 
deliming thin juice or for mainline juice purification; the use of powdered or 
granular aclivatcd Carbun; and recrystallization flow patterns involving many 
recyclings and prolonged detention times. Under such conditions the juice. 
degrading effects of less than optimal second carbonation operation may be lost to 
view in the general lower quality of the juices. 
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6. Sulfitation' 
I 
~ 

The purposes of sulfiting the purified and clarified thin juices are: to control 
juice color formation, to improve the boiling properties of the juices, and to reduce 
excess alkalinity. 

Equipment for Sulfuring 
There are two methods of sulfuring in use, the production of sulfur dioxide by 

burning elemental sulfur in a sulfur slove, and that which uses purchased, liquid 
sulfur dioxide. 

The sulfur SLOW (see Figure 9-9) is an apparatus in which sulfur is burned to 
form SO2, in accordance with the reacdon: 

(1) 
s + 0, = so,. 

Unfortunately a second reaction can occur, and always does to a certain extent: 

zso, + 0, = so,. (2) 

I 'Original by R. A. McGinnis. Revised by G. W. Cossairt 
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The two product gasses dissolve in alkaline solution to form sulfite (SO,') and 
sulfate (SO,=) ions, rcspxtively. It is the sulfite ion which is desirrd. Sulfate is 
definitely unwanted, as it is chemically inactive, hinders crystallization, and 
increases molasses production. 

Them is also a physical action which may cause trouble: the subliming or 
vaporizing of the sulfur itself. Generally the gas transport line from the stove to the 
tower is kept cool to minimize sublimation. 

Sulfur dioxide made in a sulfur stove may he introduced in the juice with a 
steam injector. with the aid of gas pumps, or with blowers and a Venturi injector. 
The gas is extremely corrosive to most metals in the presence of even traces of 
moisture, and this can be a source of continual trouble in valves and pipelines. 
Often the gas absorption apparatus is constructed as a tower with internal hames, or 
other absorption aids. In this case. the control ofthe amount of sulfur dioxide added 
is quite difficult. 

In the rotary sulfur burning system. Figure 9-9, lump sulfur is melted (1 19 "C) 
and its temperature is elevated high enough to vaporize the melted sulfur at a rate 
that matches the need for sulfitation. The oxidation reaction, p. 265, Eq. I ,  once 
started, is exothermic, that is, it gives off heat. The amount of 02, as primary air, 
admitted to the rotary drum, establishes the burner's process rate; ;.e., the amount 
of exothermic heat generated and the amount of sulfur melted, vaporized, and 
carried into the air stream for further oxidation. 

The temperature of this air stream will be in excess of 230'C [ignition 
temperature of Sa vapor (7a)l and, in addition, it will be inverscly proportional to 
the internal surface area of the rotary drum, wetted with melted sulfur. This air-sul- 
fur-vapor-SO? stream is mixed with additional air for reaction completion at 
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900-1 IOO°C, a temperature range favorable for SO2 equilibrium and unfavorable 
for SO3 formation. 

As some excess air will be present. and to avoid or to minimize SO3 formation, 
Eq. 2. a rapid cooling of the SOZ-air stream will provide the necessary rapid 
temperature transition to less than 200°C. 

Every change in air dampers, every batch addition of sulfur to the stove, and 
every process juice flow rate change, creates or demands a change in the sulfur stove 
equilibrium. Such changes at the sulfur stove extend over several minutes time dura- 
tion, thus there will be corresponding periods of unoxidized sulfur vapor moving 
through and out of the system. A water-jacketed gas duct will not only cool the g a s  
but will also tend to sublime the sulfur vapor on easy-to-clean surfaces. 

Athougb the process juice equilibrium is quickly achieved and easily sensed as 
pH,  the corrective agent system (sulfur stove) has huge time lags. Such response lags 
unfortunately degrade the attainable optimum in process flow sulfitation. 

As an alternative to in-plant generated SO?, in some geographical plant 
locations, liquid SO2 is commercially and economically available in tank car quan- 
tities or in one-ton steel containers. Simple piping and injection control valves per- 
mit a very close sulfitation process control. 

Two typical and optional liquid SO? systems are illustrated in Figure 9-10, 
For rail bulk delivery, a 40 000 gallon yard tank, A, is used for storage. Two small, 
water-jacketed measuring tanks, B, are provided in the factory for inventory control. 

In some locations, it is more convenient to use steel, ton containers, C. A hot 
air heater, D, thmnosvatically regulated, wanns the container and its contents to 
establish the desired vapor pressure (see Figure 9-1 I) .  A regulated internal pressure 
in C moves the SO2 out of the container through the flexible metal hose, E, and 
optionally through the steam-heated evaporator. F, and pressure regulator, C .  The 
pressure is adequate to overcome process pipe-line pressure. 

The actual injection of SOX into the process Stream at H may be as the liquid 
or as the gas. Since the pounds of SO2 per hour is relatively small, the gaseous injec- 
tion and its larger specific volume simplifies the injection rate control. Also as a gas, 
lower pipeline pressures can be realized where elevated points of injection may exist. 

Injection. preferably, is into a section of corrosion-resistant pipe, I, fitted with 
a perforated stainless tube, H,  and stationary mixer elements, J, for rapid mixing in 
pipe section I. 

I 
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Second carbonation clear juice is pumped into the pipe I and flows on to the 
thin-juice supply tank. A similar arrangement may be used for thick juice or 
standard liquor sulfitation. The liquid SO? systems are much easier to operate, and 
yield a superior process-sulfiting control than can he achieved with the sulfur stove 
and absorption tower system. 

General Chemical Considerations 
The reaction of SO? with water is similar to that of COz: 

SO? f OH-. * us0,- 
Elso,- e so,= + H +  
so,= f cat+ - CaSO, 

(3 
(4) 
(5) -- 

The dissociation constants for sulfurous acid and carbonic acid show the 
sulfurous acid systems to be more strongly acidic (see Table 9-2). 

Table 9-2 

Diwociation Conatants, 25-C 

1st 2nd 
Hydrogen Hydrogen 

Suiramus acid 1.7 X IO-' 5 x 10.' 
carbonic acid 3.5 x 10-7 4.4 x lo-" 

Table 9.3 Water Solubility of CaC03, CaSOs, and Cas01  in %, Calculated as CaO 

Trrnpemture, ' C  

50 100 

taco, 0.008 o . o i 0  
casos 0.0080 0.0074 
case. 0.0842 0.0651 

Data from Silin ( I  1) on the relative solubilities of the calcium carbonate, 
sulfite. and sulfate, warm and hot, show the sulfite and sulfate, hut not the car- 
bonate, to have inverted solubility curves; i.e., to he more insoluble hot, and thus 
calcium sulfite and sulfate are classed as true evaporator-tube scale formers. See 
Table 9-3. 
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The solubility of most calcium salts is decreased by the presence of sugar, as is 
shown in the following data for CaSO,, at 90°C (1 1). 

Table 9.4 

Sumw in Solution, % 0 20 42 55 
case, in g of cao pcr IW mi 0.0700 0.0521 0.0300 0.0137 

The oxidation of sulfite to sulfate is greatly retarded as the sugar concentntion 
is increased. 

Because of the more acid nature of the sulfur dioxide derivatives, sulfitation 
cannot be carried out simultaneously with carbonation, or in the presence of solid 
calcium carbonate, as the precipitate will be dissolved, and the amount of lime salts 
in solution at the end point will be increased. 

Use to Control Juice Color 
This is the most important reason for sulfitation. Certain groups of atoms 

having a structural unsaturation, Figure 9.14, and known as chromophores 
(la,7~,7e,gc,9d), am normally present in colored organic solutions. T h e  depth of I 
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color increases with the length of chains of alternating single and double bonds 
(conjugated chains) and with the presence of other specific 5 0 u p s  of atoms known 
as auxochmmes, - N H s  -NHCH,. -N(CH,)1, or -OH. 

-0 Alkma RCH-CH--R 

Alkyne W l C R  

Carbonyl 
OlSIOnC) 

Carbonyl R-{ Nilre R - N 4  

lOld.h”dJ Nitrolo R-N-a Figure PI4. Cbmmaphorc mol-. 
Inr gmup and itru~iural t ipa (7~) 

Cotboxyl R-<H A z o  R- 

.<,, Amido 

These compounds are characterized by an electron imbalance, an electronically 
excited state, a molecular resonance, an absorption of specific bands of transmitted 
light, and to the bcholder, color. 

Second carbonation clear juice contains invert sugars which continue to split, 
condense, fracture, dehydrate, and otherwise molecularly rearrange, usually with 
varying degrees of double banding and unsaturation. For example: 

bH A 
r-Fructose Oxymethylfurfurol 

With a vigorous main liming, some of the invert degradation reactions have 
already been induced. Some of the unsaturated reaction products contain the 
chromophore groups in a molecular arrangement such that with SO; ion or 
HSO,. ion, a nucleophilic rearrangement can take place and a leuco or non- 
resonating or colorless form can he established (7e). 

*“II...*IIIC 
n..wm 

Typical of many carbonyl addition reactions, this reaction is reversible. As it 
is an equilibrium rearrangement, the sustained presence of the SOs-. ion is 
necessary to maintain the leuco form. 
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Some kctoncs (a carbonyl) conlaining largc or bulky poups  may not respond 
to nuclcophilir attack by sulfite UT bisulfite ion, possihl) duc to steric reasons. This 
may account lor some 0 1  the incomplete juice dccolorizing with SO>. 

Sume degradation rearrangements must pa.is through an intemediatc reaction 
hefore the colnrcd prndurt is filmed. If thcsc reactions take placc in thc prcscncc of 
SO? in iolutiun. the iniual rubstancc ir modified before it can procecd into thc 
intcrmediatr rcaction. Although Ihc baric i n~ed ien t s  for a color cnmpound arc 
present. the key intcrmcdiate reaction is inhibited. With  ida at ion or uther loss nf 
sulfitc ion the inhibition is nu longer cNecUvc. 

Along with the invert sugars in the second carbonairon juicc will he significant 
quanlilicr of inipuritics conlaining amino groups With continued high tcmpcra. 
LUWS beyond srcond carbonation. additional inversion of SUC~OSC and saponification 
of amino coinpunds will release still more of hoth the carbonyl and T i n o  groups 
for a sustaincd Maillard reaction and increased color. 

Sulfite ion has Imn found eNective in blocking color-fomiing Maillard 
reactions (7b.7d.9~) Thc mrchanisms of some inhihitton reactions are wcll known 
while others am wry complcx and rcquirc fuunhcr rrsolution. Invcstigatinns have 
shown (7) that 20-30 ppm of SO? in thr thin juice is mough to stup this brown 
coloring reacticin. Huwcver. the gradual oxidation of the sulfur dioxide tu sulfatc. 
or its inactivation in other rcactions tend to stcadily decrcasc its activity. Thc  
Maillard reaction CM procecd through thc various massccuitc crystallizations. and 
tu be assured that ougar colors will be at a stable minimum. oulTicient sulfur dioxide 
should be added to thc filtcrcd sccnnd carbonation juiccs so that thcrc will bc at 
Icasi 2 5  ppm m thc fimt.boilmg massccuitc. This may require from 50-200 ppm in 
the thin juice. depending on thv nature of the juicc impurities. 

Thcre is gcnc';il agreement that the most important use of df i ta t ion is for its 
culw4nhibiting action'. 

Sulfilation should always takc place after an ion-rxchange treamcnt, cithcr 
deliming. or  full cation-anion cxchanger trcatmcnt. I t  i p  usually cmsidcrcd that 
when no sulfilation is uwd, thcrc will be abut 30% color increase during cvapora- 
tion with comparauvcly w v e r t . f m  juices. I f  thcrc arc stq~ificant amounts uf invert 
prcrent. thc coloratinn acrnss cvaporation IS grcatcr. Thus thc sulfilation may bc 
considcrsd to pcrmit a color reduction of thc thick juiccs of at least 30% 

Use 10 Improve Juice Boiling P rope r t i a  
If  the flow uf sulfur dioxide tu thc thin juice is abruptly shut ON, in many 

factorics thc first pronounced cNcct is the appcarance of refractory boiling propcr- 
tics of juices In thc cvaporators and vacuum pans. This has k n  widely attributed 
1 0  a rcduction of thc viscosity of thc liquors. h'cvcrthclcss, it has not bcen pussiblc to 
mcasurc diNccrcnccs in thc viscositie~ of sulfitcd juiccs ( 6 ~ .  1.ikcwisc. no diNercnces 
in surfacc tcnrion have h e n  found. 

Silin has cxplaincd that this rcduccd viscosity is a secondary, apparent. cNcct. 
Since mass~cuitcs of high pH do not crysmllizc wcll due to thc large anwunts uf 
sucrosc in thr fi~m of saruharatcs. the prescncc of which has hccn confirmed by the 
work of Brieqhcl-Muller and Briiniuhc.Olsen, it is necessary to increase thc density 
of the mother liquors 10 maintain crystalliration. and this incrrascs Ihc viscosity and 
makes Ihc massccuitcs hard to handle. 'l'he UIC of sulfur dioxide t o  reduce thc pH, 

- - 
)See refs. (3.9.9a.9b.13) 
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reduces the percentage of saccharates and makes it possible to reduce the density of 
the massecuites, so that the massecuite viscosity is reduced. Silin considers this to be 
the origin of the attributed viscosity reduction. It does not explain, however, the 
undoubted effects on the boiling properties of the juices in the evaporators. 

Uae to Neutralize Excess Alkalinity 
If, as is the case with beet materials of very high quality, the natural alkalinity 

is so large that the crystallizing materials are at relatively high pH values, at which 
crystallization is slowed, the use of sulfitation is regarded by many as the most con- 
venient means of accomplishing pH reduction. In Europe it is customary to regulate 
the sulftation by the thick juice alkalinity, which is kept between 0.010 and 0.020, 
corresponding to a pH range of 8.2 to 8.6. No more than is equivalent to the natural 
or effective alkalinity should be added, or acid materials will result (12). 

Imidodisulfonic Acid Formation 
The presence of this material was first noted by Veibel and Brieghel-Miiller 

(14), and confirmed by extensive studies by Carruthers and coworkers (1,2,5). In 
these studies, the mechanism of the catalytic inhibitory action of sulfur dioxide on 
color formation was elucidated. Likewise, the formation of imidodisulfonates was 
brought to general attention. 

Naturally occurring nitrates in beet materials can be reduced by a number of 
microorganisms in the beet end of the factory, notably in the diffuser, to nitrites. 
Nitrite reacts readily with bisulfite ion to form imidodisulfonate. Potassium imidodi- 
sulfonate, HN(SOsK)t, can then crystallize out with the product sucrose, increasing 
the ash of the sugar. The most favorable region for its formation is between 6 and 8 
pH. At higher pH values, the salt is more soluble and is more likely to pass to the 
molasses (4). 

At one factory ( IO)  this effect reached alarming proportions, and temporarily 
shut down operations. Irnidodisulfonate formation can be detected in its early stages 
hy romnnrinr the ammints nf n ~ l f i i r  dioxide found with iodimetric titratio.i. to the 
known amounts added to the thin juice. If there seems to he an Sot-acceptor 
present; ie. ,  if the amount of sulfur dioxide found is much too low, imidndi- 
sulfonate formation may be suspected. 

Carruthers has pointed out (4) that 1 ppm of nitrite ion can inactivate I to 1.4 
Ib of sulfur per 100 tons of beets; Le., 10 ppm of NO3- in the thin juice can waste a 
considerable part of the sulfur dioxide used. The analytical determination of nitrites 
in the juice is more direct, but requires a time-consuming analysis which would not 
otherwise he made. 

Usage Practices i n  Sulfitation 
The use of sulfur dioxide in the process goes back to the first part of the 

nineteenth century. The following listing gives some of the ways in which it has 
been used, when injected into the juices befox the thin juice stage. 

a) The juices were simultaneously gassed with both carbon and sulfur 
dioxide, either during second carbonation. or after second carbonation filtration. 
b) Sweetwaters have been sulfited. c) Sulfur dioxide has been used in first 
carbonation or liming in certain purification processes. d) Sulfur dioxide has k n  
used with cossettes and diffusion juice to enhance diffusion rate. e) Diffusion 
supply water, or returned pulp press water is sulfited for sterilization, and to reduce 
the pH for better pulp pressing. 
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Use of sulfur dioxide prior to liming, in small amounts, seems to be without 
serious disadvantage, since'at the high temperatures and lime concentrations of wen 
mild defecations, virtually all of the residues are precipitated as calcium sulfite or 
sulfate. However, use during juice purification or after defecation and before the 
end of second carbonation, may increase lime salts in the thin juice, and cause 
additional scaling in the evaporator first effects. 

Common usages, when injected into the process during or after the thin juice 
stage arc listed. 

a) Thin juices are sulfured to weak acidity, and then the alkalinity is restored 
with soda ash. b) The final alkalinity of the second carbonation is left high, at 
perhaps 0.03-0.04% CaO, so there will be sufiicient alkalinity to sulfite heavily. 
E) T h e  thin juice is sulfited, in amounts not greater than the natural or effective 
alkalinity. d) "Middle juice" sulfitation may be practiced. Juices at ahout 45 'Brix. 
perhaps coming from the third evaporator effect, together with added remelt sugars, 
may be sulfited before continuing to the next effect. e) The thick juice may be 
sulfited, as well as the thin juice. I) The thick juice alone may be sulfited. 

Increased use of sulfur dioxide in the thii juice, due to a higher than optimum 
second Carbonation alkalinity, means higher lime salts by the amount of lime salts 
left in the juice through failure to reach the optimum alkalinity. Similarly, over- 
sulfitation of the thin juice, with alkalinity restoration by soda ash addition, 
increases the scale forming lime salts by an amount equivalent to the oversulfitation. 
Both of these practices arc attempts to add enough sulfur dioxide to obtain a 
bleaching effect. As has been pointed out. this is a delusory goal, as any bleaching 
effect is not permanent. 

Since sulfur dioxide is now generally agreed to be most effective as an 
inhibitor of color formation, and since only small quantities are necessary for this 
purpose, addition to the thin juice is the usual practice in North America. The 
advantage over first addition to the "middle juice," or to the thick juice, is that the 
catalytic inhibitory action is not lost for part or all of the passage through the 
evaporators. Also, if absorption towers are used, absorption is not as good in the 
thicker juices. 

The addition of sulfur dioxide' lowers the whole p H  profile across the 
evaporators. When the nature of the juice impurities is such that addition of enough 
sulfur dioxide to inhibit color formation throughout the sugar end brings about acid 
materials, the pH curve may be raised by reducing the amounts added to the thin 
juice and adding an amount to the thick juice. This will diminish inversion in the 
evaporators. 

In the present state of knowledge, there seems to be no valid justification for 
the use of more sulfur dioxide than is needed for its action as an antioxidative 
catalyst. The necessity for pH reduction of very high quality massecuites may he an 
exception. 
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C. Filtration' 
Historical 

The filter press. either of the plate and frame or of the earlier chamber-press 
type. was widely used in the early American beet sugar factories for filtration of all 
factriry juices. The  Kelly filter was invented in I905 and gained great acceptance for 
first and second carbonation juices. This was followed by the development of other 
pressure leaf filters such as the Sweetland and the Vallez, the inventor of the latter 
having been with the Ray City Sugar Company. Vacuum filters were being 
developed by the Hart Brothers and by George Moore, hut the first widely adopted 
drum~type. continuous vacuum filter was introduced by E. L. Oliver about 1908. 
This could filter the sludge from a carbonation juice thickened by settling. as well as 

'by Robert G. Fee 
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extract sugar from various other solid residues. The tube-type vacuum filters soon 
followed. developed from earlier ideas and patents of Moore. and were the Oliver- 
Burden, the Genter (6), and the vacuum~sweetland. These were combination filters 
and clarifiers, with the clear liquor going through the medium and on to process, 
and the deposited cake being blown off the tubes to settle in the hopper bottom for 
transfer to the drum filter. 

In direct filtration of first carbonation juices, the filters were greatly affected 
by the characteristics of the juice and the solids contained. With the development of 
the Dorr continuous clarifier. many factories abandoned direct filtration of first 
carbonation juice and used their filters for second carbonation juice and thin juices. 
During all of this period, subsequent filtration steps such as of thick juice and 
standard liquor were, for the most part, carried out with plate and frame filters. 

Since then, development of filtration equipment has proceeded in the 
directions of more effective clarification, reduced cloth consumption, and a lower 
labor cost for cleaning and operating. These developments have resulted in the wide 
employment of tubular-element pressure filters and pressurdeaf filters. Both types 
use a variety of rapid back-wash or sluicing features and have internal provision for 
cycling and settling. 

Theory and Principles 
Filtration is a separation accomplished by passing liquid through a porous 

membrane. Therefore. the filter may be considered to be mainly the device for 
holding the filter medium. But the filter must also provide thc means of distrihutirig 
the liquid over the surface ofthc medium, must hold the retained solids during the 
filter cycles, must provide the necessary drainage of filtrate from behind the septum 
and aut of the filter, and must provide for discharge of the accumulated solids either 
continuously or at  the end of a cycle prior to cleaning of the filter medium. 

Filtration may be separated into the fallowing categories: 
1 .  Filfer medium Jil fraf ion.  The medium alone removes the particles. The 

pore size of the filter medium determines the sizes of particles retained. Since the 
thin layer of collected solids quickly covers the septum, cycles arc usually relatively 
short. 

2. Depfh Jilfrafion. The filter medium alone provides the particle removal. 
but instead of a thin Screen or fabric, the medium is a thick mass of fibrous or filter 
aid materials. The coarser particles are held on the surface, while the finer particles 
can migrate down and he trapped in the medium. As particles are retained in the 
medium. the resistancc builds in the form of higher pressures and decreased flows. 
Also. with continuation of the cycle. some finer particles may start to pass through 
the filter, and the medium must be replaced. 

3. CakeJXlrafion. Most filtrations in beet factory operations are of this type. 
Here the medium or precoat establishes initial filtration characteristics, but as the 
solids accumulate on the filter surface, it is the filter cake formed which most 
influences the operation. The efiect of types of deposited solid materials will be 
discussed later, hut special treatment is necessary in the case of extremely fine, 
slimy, or compressible solids. Very often filter aids such as diatomaceous earth are 
added directly to the liquid going to the filter. The diatomaceous earth particles, 
being both porous and rigid, provide passages for fluid flaw and give rigidity to the 
cake, thus prolonging the filter cycle. The filter cycle is also a function of the speed 
of pressure build-up and corresponding reduction of flaw. With very open, porous 
cakes, the cycle length may be determined by the cake capacity of the filter. 

I 
I 
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Much of the early investigational work in filtration theory was done by 
Poiseuille (8) and by D'Arcy (3). The name of the latter is perpetuated as the unit of 
permeability. the darcy. One darcy unit indicates permeability to pass one ml per 
second per Sq cm o f a  liquid of one cp viscosity through a cake one cm thick at a 
pressure differential of one atmosphere. 

The primary and secondary influences on permeability, filter performance, 
and overall filter station operation arc listed below, in Table 9-6. 

Table 9 4  fiirnary and Secondary Influrnces on Filtration 

primary Influence Secondary Influrncc 

1. VixoI i ly  D c n r i f ~  or omccnmiion of l iwor .  

2. Cake thicknns 

5. Capillary diameters 
(porosity of cake) 

4.  Pressure ditfcrcnlial 
5. Filler a m  

Concenlralion of nonsugan. 

Length of filfcr qcle. 

Size of solid particlei 
Compressibility of d i d  particles. 
Filter aid addition. 
Condition 01 filter cloth% 

TempWat"re. 

Volume Of  M l i r i q  in 1iquur. 

For more detailed theory along with calculation and extensive bibliographies, 
please see referencesl. 

Description of Equipment  
Plate a n d  Frame Filters. In the plate and frame press (Figure 9-15). the feed 

liquor is forced into the hollow frame, either at the top or bottom corner of the 
frame. The liquid passes through the filter cloth and escapes through drainage 
channels in the plates. Plate outlets can be individual spouts which provide far 
observation oi individuai piate performance. T i e  outicir a c  suaietimes iombinid 
in a manifold so that a single stream leaves the filter. Filter outlets can be either 
from the top corner or the bottom corner of each plate. Top outlet presses have the 
inherent advantage of providing more uniform precaat and cake distribution. 

'See  refs. (1,2,4,6,7) 



This type of filter has the advantages of low cost. near indestructibility, ease of 
internal inspection, capability of efficient cake washing, and small amount of 
residual heel. Since each plate is cleaned separately and the cloths are usually 
laundered after each cycle, more labor is required for cleaning. 

Typical of this type of filter are those manufactured by the D. R. Sperry 
Company, and the T. Shriver and Company. 

Kelly Filter. This is a type of pressure leaf filter, but deserves special 
mention because of its usage in the industry. It consists of a horizontal pressure 
cylinder with vertical leaves positioned lon%tudinally within the tank. The  leaves 
have individual outlets so that the juice flaws can he observed. The entire leaf 
assembly is mounted on a track and will slide out for cleaning and inspection. 
Please see Figure 9~16.  

Figwe $16. The Kelly liltrr. 

Rotary Vacuum Filters. These s o d l e d  drum filters have several variations 
of design. They consist o f a  rotating drum suspended on its axis in a tank containing 
the liquid to be filtered. As the drum rotates, vacuum is applied to certain segments 
across the face of the drum, while segments in other positions may have no applied 
vacuum, and still other segments may have reverse air pressure applied. The  portion 
immersed in the liquid draws filtrate through the drum, collecting solids on the face 
of the drum. which is the septum. As the drum rotates out ofthe liquid, the cake is 
dried by continuing air suction through the cake. The  cake may he washed to 
remove sugar. The  cake is then removed from the drum at another position of 
rotation by being loosened with air pressure, and sometimes assisted by a scraper. 

Certain d e s i p  provide for removal of the cake from the drum by means of a 
series of strings which bear on the drum surface during deposition of the cake and 
then leave the drum to carry the cake off to a discharge point. A similar type uses a 
continuous helt which is around the drum for the cake pick-up part ofthe cycle, and 
then passes over a series of rollers. sprays, and other cleaning devices for cake 
discharge and belt washing. 

Filters of this type are manufactured by Ametek, Dorr-Oliver. and Eimco. 
Rotary Vacuum Precoat Filters. These are similar to the previously 

described rotary filters except that there is never a reverse passage of air through the 
drum (Figure 9-17). A thick precoat of several inches ofdiatomaceous earth is built 
up from a slurry in clear liquor. After build-up of this precoat, the liquor to be 
filtered is introduced into the filter. As filtration proceeds, a very thin layer of the 
filter aid precoat is cut off, along with the solids which have deposited on the sur- 
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face, by means of a knife set across the length of the drum. This knife is advanced 
by an adjustable micrometer device which allows for continuous cutting, and thus 
continuous filtration, for the depth of the precoat layer. 

The cycle length of this type of filter is generally longer than in other types of 
filters, and it is especially adaptable to liquors with high solids content or with solids 
which may be slimy or otherwise hard to filter. Selection of filter aid for the thick 
precoat layer is most critical. For instance, if the filter aid is too permeable, solids 
will penetrate into the cake. cause blinding. and necessitate deeper cutting into the 
precoat. If the filter aid tends to compress, the cake will pull away from the knife, 
and become surface-blinded with solids. The ideal filter aid for rotary vacuum 
precoat filters is incompressible, porous for liquid passage, and will hold solids on 
the surface for knife removal. 

Filters of this type are manufactured by Ametek, Dom-Oliver. Eimco, and 
Komline-Sanderson. 

T u b u l a r  Element Pressure Filters. The tubular element pressure filter or 
candle filter consists o f a  vertical pressure tank with an arrangement of vertical filter 
tubes through a tube sheet at the top (Figure 9-16). Some have a top or bottom 
manifold arrangement for the tubes. Some of the filters are designed for rapid 
backwashing by means ofentrapped air in the top portion ofthe tank above the tube 
sheet, on the emuent side of the elements. When used for rapid turn-around by 
means of a quick cleaning feature, the selection of the filter septum is most critical. 
This is to assure good release of accumulated cake, and to prevent clogging of the 
septum. 

Typical of the abave type of operation is that provided by the Hydra-Shoc 
filter. In this filter the solids built u p  on the tubular elements are removed by 
quickly opening the outlet valve at the bottom of the filter shell, thereby allowing 
the air trapped in the dome to blow the cake loose from the elements and out the 
drain. 

Filters of this type are manufactured by Braunschweigische Maschinenbau 
Anstalt, De Lava1 Turbine, Hayward Filters, Industrial Filter and Pump, and 
Niagara Filters (Ametek). 

Pressure Leaf Filters. Pressure leaf filters are made in a variety of designs. 
Tanks are either horizontal or vertical. In the horizontal designs, the leaves are 
suspended vertically either crosswise or longitudinally (Figure 9-19). 
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The filter leaves may emerge from the shell for cleaning. but more often 
internal sluicing mechanisms are provided. Such sluicing arrangements may consist 
of an oscillating set of nozzles, nozzles mounted on movable arms, or fixed nozzles 
with leaves that rotate. Regardless ofthe particular design, it is of the utmost irnpor- 
tance to keep the nozzles from clogging. Clogging may occur by forcing fibrous 
precoating materials into the openings during precoaling, by solid particles in the 
sluicing juice, or by scale from the sluicing lines. In some cases, sluice lines have 

Figure 9.19. Rotating I d  p r ~ u r e  filter 
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been replaced with stainless steel to assure that clogging materials will not be 
carried into the nozzles and strainers have been installed in sluice lines. 

In providing for filter sluicing, it is necessary to consider the available quantity 
of sluicing liquor. T o  avoid dilution, filter leaves are usually sluiced with thin juice. 
Elfective sluicing requires as much as two gal of sluice liquor per sq ft of filter area 
and should be applied at 40.60 psi. Experience has shown that if an unusually high 
volume of thin juice is required at one time, the operation of the evaporators can he 
upset hecause of unbalanced flow conditions. 

Serious problems occur if the cake spaces are allowed to fill, bridging between 
the leaves. Warping of the leaves o r  breaking of leaf rotating mechanisms may 
result. 

In any of the pressure-leaf filters with internal sluicing, adequate provision 
must be made for the removal of the filter cake, both its drainage from between the 
leaves and out of  the filter shell. In certain designs it is important that the cake be 
sluiced out of the shell drain area first to avoid clogging the impending flow of the 
rest of the cake. 

Filters of this type are made by many companies, among which are Duriron 
(Enriger), Hercules. Industrial Filter and Pump, Keene, Niagara (Ametek), Pronto, 
Sparkler Manufacturing, and U. S. Filter. 

Filter.thickeners. These swcalled filter-thickeners are v e 7  similar in design 
to the vertical screen or tubular pressure filters. Filtration is accomplished by 
passing the liquor through a leaf or tube on which the solids deposit. When the cake 
builds up, it is released from the septum in such a way that it ia retained on the 
bottom of the pressure tank and allowed to settle further in that vessel. At a later 
point in the cycle, the settled or thickened sludge is discharged out of the filter. The 
filtered liquor coming through the septum has the same characteristics as with any 
other pressure filter, hut the advantage of the design is that there are relatively short 
r y c l e ~  2nd mncentration of the solids for minimum sugar loss. 

I t  is of interest that the Genter and Borden filters were somewhat similar in 
design and purpose, except that they operated by vacuum instead of by pressure. 
Representative of these types of filters are those from BMA, Danish Sugar Co., 
Grand Pont, and Putsch. 

Referring to Figure 9-20(a). valve 1 admits unfiltered liquor, generally with 
pressure prcvided by an elevated feed tank. Flow is through the elements illustrated 
and the outlet for the filtrate shown on the right. In removing the deposited cake 
from the elements, the usual pmcedure is to open valve 2, which permits liquid to 
he drawn from the tank, with the loosened cake falling to the bottom of the cone. 
Filtration is resumed and the operation repeated, allowing the density of the sludge 
in the bottom of the cone to increase with successive purges. When sludge of the 
proper density is built up, valve 3 is opened, which allows a complete purge, 
removing the thickened sludge from the filter shell. The actual mechanics of 
accomplishing this differs with dilferent equipment, hut the process is generally the 
same; hence, the designation “filter-thickeners.” 

Horizontal Leaf Prwure Filters. These are very similar to the leaf filters 
previously described except in the positioning of the leaves (Figure 9.21). Usually 
the leaves are held together in a stack or cartridge, which is placed in the vertical 
tank. In many filters of this type the filter septum is paper which is discarded after 
each cycle. Some designs provide for pmoat ing and internal sluice. 
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a 1 \ / b  
Figure 9.20. a) Grand Pont, and b) Puurh 
f ik".  

Y . L L  

Figure 421. Horizontal I d  preure filter. 
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Since the precoat and deposited cake are held on the filtering surface by 
gravity. this filter is useful in operations where the flow may be fluctuating or inter- 
mittent. The horizontal leaf filter is usually used in applications where solids 
loading is low and cycles are relatively long, such as in polishing operations. 

Among filters of this type are the Niagara, Shriver, and Sparkler. 

Cartr idge Filters. These filters are not unlike the ail filters used in auto- 
mobiles. They are useful as trap or guard filters where the solids to be removed are 
in a very low range. As described in the section on media, the cartridges are nearly 
always disposable, and provide the entire filtering mechanisms: septum. hacking, 
drainage area, and support. The element is used in a canister or holder to provide 
the proper fittings and fluid flow. 

Filter Media. The four types of media of interest are, in order of usage: 
I )  fabric, cotton and synthetic; 2) woven metal wire; 3) paper; and 4) replaceable 
cartridges. 

The filter medium is not only a substantial operating expense, hut also its 
selection is most important for good filter operation. When no filter aid is used as a 
precoat, the septum must be open enough to allow passage of liquid and, at the 
same time, retain the undissolved solids. In addition, the septum must provide for 
stability ofcake to resist erosion during slight changes in plant operating conditions. 
At the conclusion of the filter cycle the septum must release the cake and allow for 
complete sluicing, hackwashing, or other cleaning to prepare far the next cycle. 

Fallowing are some of the characteristics of fabrics which aflect medium 
selection ( 5 ) .  

1. Fiber Properties 
Collon: Exposure to high pH causes fiber swelling and reduced flow rates. 

Dacron: Flex resistance and high initial shrinkage allow the fabric to become 

D p e l ;  Has high dimensional stability with shrinkage of less than 0.5 percent 

Nylon: Has smooth surface for excellent cake discharge, good wet strength. 

Polypropylene: Has the lowest density of any synthetic resulting in greater 

2. Fabric Construction 
A. Weave Pnllcrns. There are four basic weave patterns that account for the 

hulk of woven media: plain, twill, chain, and satin. 
1. The plain weave is the simplest of all weaves and is strong and durable. A 

set of threads goes in one direction, and at right angles to the first set a second set of 
threads proceeds in a oneover-one-under pattern, giving a checkerboard efTect. This 
is the tightest fabric possible to weave. Filter duck is a plain weave. 

Its characteristics are: lowest price, least porosity. greatest particle retention. 
and susceptibility to blinding by solids. 

2. The fnrill meam consists of two sets of threads at right angles to each other, 
the apparent diagonal twill line being caused by moving the filling thread inter- 
lacings one thread higher on each successive warp thread. 

-,.I~ ~rneie is g o d  pz::kle rttentim kCa.rSP nF hairy filaments. It will blind badly. 

quite tight for excellent solids retention, and it has low moisture absorption. 

in boiling water. 

and good elasticity. 

cloth yield per pound of yarn. It has good cake discharge, and resists blinding. 
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Its characteristics are: high resistance to abrasion, medium retention and 
blinding properties, and good flow rates. 

3. The chain w e m e  is a loose twill weave in a 212 reversible broken twill 
weave. 

Characteristics: High clarity and flow rate#, and lower tensile strength and 
retention than plain, but has greater resistance to blinding. 

4. The satin IUIOVC is a smooth surface fabric produced by carrying the warp 
uninterruptedly on the fabric surface for many filling yarns. 

Its characteristics arc: superior cake release, best resistance to blinding, and 
poorest particle retention of the four basic weaves. 

B. 

1. MonoJilornenl is a synthetic fibcr made in a single continuous filament. 
Its characteristics are: minimum blinding, good cleaning, and excellent cake 

discharge. 
2. MultiJilamenl yarns are made by twisting two or more continuous mono- 

filaments. 
Its characteristics arc: gnatcst tensile strength of any yam, and good cake 

discharge. 
3. Spun-staple. In natural fibers, spun-staple expresses the length of the fiber 

in relation to the diameter. In a synthetic, it signifies filaments that have been cut to 
the length of the natural fibers. Spun yams are made by twisting staples together. 

Its predominant characteristic is the best particle retention bxause of hairy 
filaments. 

Yarn. There are three basic types of yam: monofilament, multifilament, 
and spun-staple. 

Despite higher prices, synthetic fabrics, especially nylon and polypropylene, 
are gaining wide acceptance in the industry. This is due to superiority in the areas of 
chemical resistance, durability, and good solids-release and ease of cleaning. The 
greatest usages of synthetic fabrics are on rotary-drum filters, tubular-element 
pressure filters, and pressure leaf filters. Cotton is still widely hsed in plate and 
frame filters. 

Woven metal wire media are used primarily in filters where a precoat of 
cellulose or diatomaceous earth is applied. Usually these filters have provision for 
filter-cake removal by sluicing. The most commonly used metal septum is a single 
Dutch weave,24xl10withO.O16in. hy0.108in.wire.Occasionallya60x60twill 
with 0.01 1 in. wire is used, but this type requires special precautions in precoating 
and a fibrous material to bridge the larger openings. With selection of the appro- 
priate alloy for both screen and coarse backup grids there is exceptional chemical 
stability. The metal media have the inherent disadvantages of susceptibility to 
mechanical damage, and difficulty in cleaning when clogged with solid impurities or 
scale. Calcium oxalate is a particularly troublesome scale in bacvsugar liquors. 

Paper media are in the form of disposable sheets or pads. They have excellent 
retention properties in solids removal. Because of very poor strength, the paper 
media, especially the thinner sheets, are supported on a backing of cloth or metal 
mesh. The paper media are used in special applications which are discussed later. 

Replaceable cartridges, like paper, arc used in special applications where 
solids loading is relatively low. The cartridges or filter elements arc usually made of 

or other fiber wrapped on a plastic supporting core. Most of these elements arc 
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wound cotton or synthetic yarn, although glass fiber cartridges are coming into 
greater use. The glass fiber cartridges have greater solids loading capacity and hence 
a longer life in the filter. In addition to the wound fiber cartridges, molded cellulose 
or felt have sometimes been used. 

Filter Aids 
The development of filter aids has greatly improved both the operation and 

the economics of filtration, and made possible high filtrate quality. To be effective 
as a filter aid, a material must: have strong, intricatelyshaped, and porous 
individual particles; form a highly permeable but rigid and incompressible filter 
cake; remove even the fine solids at high rates of flaw; and be chemically inert and 
insoluble. Most of the filter aids used in beet-sugar processing are diatomaceous 
canh, sold under uadc names such as Hyilo Super-Ccl and Dicalite Spcedplus. 
Diatomaceous earth is the skeleton remains of single-celled aquatic plants called 
diatoms (Figure 9-22). It is mainly composed of silica and the diatom structures are 
in a variety of complex forms of different sizes. Diatomaceous earth is processed so 
that a range of grades is available, offering selection of flow rates and clarities. 

Special filter aids are sometimes used for precoating. These may be cellulose. 
or blends of cellulose and diatomaceous earth. Other malerials used as filter aids 
include various clays, perlite, and carbon. 
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Filter aids are used in two ways. The first usage is as a precoat. The purpose 
of the precoat is three-fold: 1) to prevent the filter septum from becoming clogged 
by impurities, thus prolonging its life; 2) to facilitate cleaning the septum at the end 
of thc cycle; 3) and to give immediate clarity. 

Precoating is accomplished by circulating a slurry of diatomaceous earth in 
filtered or clear liquid between the filter and the prccoat tank. Since most of the 
filter aid particles are smaller than the openings in the septum. they must form a 
precoat by bridging these openings. as shown in Figure 9.23. These bridges can be 
upset by air bubbles, sudden changes in pressure, or by vibrations; causing the 
filtrate to become turbid until the upsetting influences are corrected. If distribution 
in the filter is good, the filter may be filled with clear precoat liquid and a concen- 
trated slurry of filter aid may then be pumped or educted into the filter, followed by 
recirculation. 

The amount ofprecoat should be from 10 to 15 Ihs of filter aid per 100 sq ft 
of filter area, the greater amount being used when the distribution of flow in the 
filter is poor, or in starting up new filters. If it is uniformly distributed, I O  Ibs of 
filter aid per 100 sq ft of filter area will give a precoat of approximately 1/16 in. in 
thickness. Ifdistrihution is imperfect, IO Ibs of filter aid per 100 sq ft may result in 
inadequate precoat at the top ofthe leaves or at the end ofthe filter away from the 
precoat slurry entrance. This condition can frequently be remedied by use ofbaflles. 

Precoat slurry concentration will depend primarily on the ratio of filter area to 
filter and piping volume. The slurries will, however, range from 0.3 percent to 0.6 
percent. If they are much helow 0.3 percent, precoating may be dificult since the 
formation ofthe bridge depends partly an the "crowding" effect of the particles of 
filter aid trying to get through the septum openings. The precoating rate will 
depend mainly on the viscosity of the liquid used. The rate should be suficient to 
keep all the filter aid in suspension hut should not be fast enough to cause cake 
erosion in the filter. For water, the rate is from one to two gallons per sq ft of filter 
area per min ( g s h ) .  For viscous liquids, the rate may be as low as five gallons per sq 
ft per hour (gsfh). A general rule for precoating is to precoat at that rate which gives 
a differential pressure ofabout 2 psi. For water, an upward velocity ofat  least 4.5 ft 
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per min is required far proper filter aid suspension. The suspension of filter aid can 
be improved in the tank type or pressure leaf filters by partially recirculating from 
the top of the filter back to the prccaat tank. 

A second form of precaating is on the rotary vacuum precoat filter described 
above. F’recoating this filter requires a special technique. This is too involved to 
describe in detail, but some of the variables are: vacuum, precoat slurry concentra- 
tion, drum submergence, amount and control of vacuum increase, recirculation (or 
not) back to precoat tank, and rate of drum rotation. Poor precoating performance 
may be due to insufficient vacuum, poor hydraulics in the filter, incorrect drum 
rotation or submergence, incorrect slurry concentration, flooding of the receiver, or 
a partially blinded septum. 

The second way in which filter aids are used is as an additive to the liquids 
heing filtered. This is known as body feed (Figure 9-24). 

The elkects of varying the amount of body feed addition are illustrated in the 
graph in Figure 9-25, which shows total throughput on the vertical axis vs. 
percentage of body feed on the horizontal axis. 

As can be seen, the addition of too small an amount of body feed merely 
reduces the total throughput, since the body feed is completely surrounded by 
undissolved solids. This only increases the cake thickness without adding anything 
to its porosity. From this point, as the body feed is increased, the throughput also 
increases slowly. and then rapidly for a short space of time. The rate of increase 
then tapers off, reaching a peak, after which it actually decreases again. The 
decrease in throughput upon larger additions of body feed is the result of turbid par- 
ticles getting lost in the body feed. In such cases, additional quantities of body feed 
merely increase the cake thickness. The amount of body feed will also depend on 
the rate at which the liquid is filtered. That is, the Same liquids filtered at higher 
rates will usuallv reouire more body feed for the same throuehput or cycle IenEths , .  I .  .- 1 

as shown in Figure 9-26. 
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Figure 925. Perrcnlag. body f d .  
rum of nor of mms lolution with dif- 
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From the description of body feeding procedure. it is apparent that une of h e  
most important factors for effective and economical filter aid use is a steady and 
uniJom ,ale oJfilter aid addition. Unfortunately many filter aid feeders in current 
use are inadequate in this respect and maximum effective use of filter aid is difficult 
to attain. A second very important consideration is the avoidance of sharp pressure 
fluctuations while the filter is on stream, as well as avoidance ofthe inclusion of air 
bubbles in the filter feed. Both can be very disruptive to the filter cake, and adversely 
affect filtrate clarity. 

Proper use of filter aid reduces operating costs through extended filter cycles 
and greater cloth life. Alao, the filter aid assures removal not only of solid impurities 
such as carbon particles, but also of mineral salts and many bacteria and other 
organisms affecting finished sugar quality. 

Filtration i n  the BectSugar Industry 
Direct Fil tration of First Carbonation. In years past both plate and frame 

and Killj- filtirs ' ~ i r c  csc2 :o 8kcr firs: ca:bonatic:: juice. Sc-e of the problems 
encountered have been the high solids loading, on the order of 5% of dry matter. 
Depending on the variables of carbonation, this can he a granular precipitate, or 
very fine and hard to filter (see pp. 172, 176-7). The cake has a high degree ofcom- 
pressihility and maximum filter pressure differences are in the range of 25 to 30 psi. 
The  cake before desweetening contains 7 to 8% sugar. This is reduced to a 
maximum ofO.8% by washing with 125 to 200% of water, based on weight of cake. 
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More recently direct filtration of first carbonation juice has been carried out 
using filter-thickener types of equipment with fairly rapid cycling. Also various 
pressure leaf filters have been used. With pressure leaf filters the cycles have been in 
the range of 60 minutes and the temperatures of filtration between 8 0 "  and 90°C. 
Depending on carbonation operating conditions and using leaf filters. the surface 
area required is 1.0-1.8 sq ft per ton of beets processed per day. No filter aid is 
ordinarily used, since the volume of the precipitate and its filtering characteristics 
should permit rapid flow and good clarities. 

Second Carbonation Filtration. After the second carbonation, the juices 
are clarified using pressure filters (Figure 9-27). The importance of this step is 
reflected in subsequent evaporation, and if filtration is not effective, the calcium 
carbonate particles will dissolve during sulfitation increasing the lime salts content 
of the juice, and scaling of evaporators will result, as well as difficult standard 
liquor filtration. 

For this filtration plate and frame, pressure leaf, and tubular element filters 
are routinely used. Usually no filter aid is used, although in times of processing 
difficulties some diatomaceous earth has been helpful. This has been used as a 
precoat to protect the cloths and to effect quick release of cake. Filter aid has also 
been used as a hody feed, but without uniform feeding equipment it has been 
somewhat inefficient. 

One of the problems with any of the filters is the maintenance of the filter 
cloths. Cloth hardening is a common occurrence and contributing to it are the 
introduction of steam, air. carbon dioxide, and soda ash to the juice stream or 
during the ending of the filter cycle. 

Carbonation Sludge Filtration. This is carried out on rotary drum filters 
(Figure 9-28). The sludges originating from Don-type thickeners, filter-thickeners. 
or other first and second carbonation juice filters, sometimes with the admixture of 
the standard liquor filter cakes, are mixed together and usually passed over the 
drum filters. Here the carbonation juice is removed and the cake washed to extract 
all possible sugar. The waste filter cake discharged from these filters should contain 
no more than 0.8% sugar. 

Much thought is being given to disposal ofthis waste lime cake. In addition to 
containing about 75% of calcium carbonate and adsorbed impurities from the beet, 
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Figure 428. Csrbonstion ilvdgc 
filtration stdon.  Eimm filten st 

this sludge contains in the range of.696 organic nitrogen compounds, 4% of other 
mineral compounds, and a fair percentage of phosphoric acid equivalent. The value 
of this sludge for use as a fertilizer or for soil conditioning is an area of consideration. 

T h i n  Juice Filtration. In past years it has been the practice to filter thin 
juice after sulfitation. The thin juice was passed through clean plate and frame 
filters and in many cases it was the purpose to “precoat” the cloths with a small 
amount of calcium carbonate which had leaked through second Carbonation filtra- 
tion. After the press was used for thin juice for a period of time it was switched over 
to thick juice, The thin layer deposited from thin juice acted as an aid in clarifying 
the thick juice. With improved filtration techniques for second carbonation juice 
and with modern filter aids for thick juice, it is no longer common practice to filter 
thin juice. 

Standard Liquor  Filtration. Standard liquor is usually filtered as a 
cornhind stwarn p i n g  to pan storage (Fi-peure 9.29). It may be filtered either once 
or twice. Double filtration is common when powdered activated carbon is used in 
the process. In either case, equipment and techniques are similar. 

In  most factories plate and frame filters were used. In most cases, however, 
these have been replaced with the newer pressure leaf filters with internal sluicing. 
Probably the greatest reason for this change has been the more eflicient use of labor, 
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since a pressure leaf filter station can be automated to greatly reduce labor costs, as 
only occasional filter dismantlings are necessary for cleaning. 

From the standpoint of filtrate quality, this is the most critical filtration in the 
beet-sugar factory, The liquor from these filters proceeds into the white pans, and 
whatever solid impurities pass have a good possibility of remaining with the final 
granulated sugar crystals. It is not only true that the filtrate leaving the filter must 
be of the highest clarity, but also that it must be protected from contamination from 
thir point on. This means protection against solids contamination of press troughs 
on plate and frame presses. juice lines, and storage tanks. 

In order to achieve the high degree ofclarity needed, the standard liquor filters 
are precoated with filter aid. This may be regular diatomaceous earth or cellulose 
fiber, or a prepared precoat material containing both. During the filter cycle a 
regular feed of filter aid is maintained into the stream of liquor IO the filter. This 
body feed is regular filter aid with no cellulose or other materials added. A 
schematic flow diagram is shown in Figure 9-30. 

figure 9.30. %hematic diagram of dirromitc filiniion symicm. 

The amount of filter aid used varies with operating conditions. When beets are 
ofpoor quality and impurities are coming through in the juice stream, it is necessary 
to use higher rates of body feed. Also cycles will be shorter, and therefore more 
filter aid will be used for the precoating operations. Filter aid usage usually is in the 
range of 0.4 to 0.9 Ibs per ton of beeu. Under unusual conditions. or where filter 
aid is used on other stations, these amounts will be exceeded. Usage is also some- 
what higher in factories including the Steffen process. 

When double filtration is used, the second stage filters are often only 
precoated. Occasionally a body feed about one-third that used for first filtration is 
used to extend the second filter cycle. This is often advisable during periods of 
difficult operation, such as with deteriorated beets or other adverse conditions. 

Precaating can be done from the troughs of the first filter in the case of pike 
and frame presses, or through a conventional precoating installation with leaf filters. 
With either one or two filtrations, one ofthe most important operating steps is to be 
certain that clarity is established before a filtrate stream is diverted to the pan 
storage. In many factories this is done by regular checking with black filter discs as 
a test for complete precoating. 

Standard liquor is filtered at 67-72'  Brix and at temperatures of from 
90.95 "C. The temperature range is fairly critical, since sugar degradation may 
occur at higher temperatures, and at temperatures below 90 "C, filtration becomes 
difficult because of the sharp increase in viscosity. 



292 BEET-SUGAR TECHNOLOGY 

Thick  Juice Storage. At those factories where evaporator thick juice is 
placed in storage for later processing, the juice is filtered before going to storage. It 
is felt that good particle removal helps to assure maintenance of good juice quality 
during storage. Also, it is desirable to remove solids which would otherwise settle in 
storage and complicate the handling of storage tanks. For the most part the filtra- 
tion ofthick juice in this operation is the same as that described for standard liquor. 
The same types of filters are used and most of the same operating procedures are 
followed. Filter aid is used both for precoating and as a body feed as with standard 
liquor. 

Centr i fugal  Wash Water. Water used for washing sugar in the centrifugal 
machines needs to be of the highest quality to avoid contaminating the sugar. 
Evaporator condensates, city water, or softened well waters are used for washing, 
and are filtered through small plate and frame or horizontal plate filters. The filters 
are usually dressed with paper sheets, and are sometimes precoated with filter aid to 
give added retention of foreign particles. A specially treated filter aid such as Sorbo- 
Cel has been used to selectively remove small amounts of oil which may have found 
their way into the water supply. These filters run for extended periods of time. since 
the condensate source of this water is of high quality. 

A closely related operation is the treating of wash water for the rotary drum 
filters. This water is frequently of lower quality, and also may contain small 
amounts of oil. A major problem is the clogging of spray nozzles, and filtration is 
sometimes considered to protect the nozzles. The operation and equipment are 
similar to those used for centrifugal wash water, and the use of treated filter aid for 
oil removal would he even more important, 

Cold Saccharate Filtration. In the Stelfen process, the cold saccharate cake 
is collected on rotary vacuum filters. Here the principal product desired is the cake, 
and this is removed from the drum and returned to the carbonation process. The 
filtrate is collected and sent on to the hot stage of the Steffen process. The filter area 
needed for the saccharate operation is from 8 to 14 sq ft per ton ofmolasses worked. 

Hot Saccharate Filtration. In the hot Steffen process, the slurry is thickened 
after heating, before going to the rotary vacuum filters. Here again, the cake is the 
portion retained and it is washed on the filters to remove soluble impurities. Hot 
saccharate filtration requires from I .5 to I .9 sq ft of filter area per ton of molasses 
worked. 

Some years ago plate and frame or Kelly filters were used for this service, and 
at that time a filter aid precoat was used, No filter aid is used on the drum filters. 
Because of the corrosive nature of these slurries, filter media have been a problem, 
but the newer synthetic fabrics have helped greatly in this respect. 

L iquid  Sugars. Of increasing interest is the production of liquid sugars for 
industrial users (see Chapter XV). Since liquid sugars are used directly from tanks 
and often neither filtered nor inspected at the user's location, they must be 
completely free of all foreign materials. This calls for at least one, and often two 
filtrations (Figure 9-3 1). 

After the liquid sugar has been manufactured, it is sometimes treated with 
activated carbon to improve color. Whether or not it is carbon treated, the solution 
is filtered to remove turbidity, thermophilic spares, and any scale or other foreign 
particles which may have bcen introduced at the factory, in storage, in transportation 
to the liquid station, in the water used for solution, or from lines along the way. 

The filters used for liquid sugar are those in which the most stable filter cakes 
can he maintained. I t  is for this reason that horizontal-plate filters are often used, 
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figure PS1. Liquid sugar filtration 
iurion. Sparkler Iilirn in Bmotficld. 
111.. plant of The Grmt Wealern Svgnr 
Company. (Caurtny, The CIIO: 
wurrm SU,, Cornpiny) 

Filters for liquid sugar are usually dressed with filter paper for maximum particle 
retention, and cake stability. Other types are also used, hut with any, the precoat is 
usually one of the  mixtures of cellulose fibers and diatomaceous earth. A body feed 
of diatomaceous earth is used by mixing it directly into each hatch tank of liquid 
being filtered. This is especially important when activated carbon is used, both to 
maintain porosity and to assure retention of the carbon in the filter cake. 

Filtration is done while the liquid sugar is hot. Again viscosity varies with 
temperature, but not as greatly in these pure solutions as in standard liquor where 
many nonsucroses are present. 

It is considered advisable in many cases to employ a "final filter" just before 
the delivery of the liquid sugar. This is of the cartridge typc and filter life is extremely 
long since very little in the way of solids is removed. This is a safety precaution to 
trap the chance particle offorcign matter which might accidentally have gone into 

customer's receiving point. An attractive feature of the cartridge unit is that it can 
be readily uuck.mounted. 

Supply Water. There is an increasing concern for adequate supply and 
quality of the water used by all industrial plants. As it becomes necessary to draw 
from additional water sources, new treatment facilities will be established. These 
will be as diverse as the water sources and will include cornhinations of pretreat- 
ment, flocculation and sedimentation, filtration with sand and diatomaceous earth, 
and chemical treatment. Thus these processes will not he unlike municipal water 
treatment facilities. 

I the solution. For maximum protection this unit should be as close as possible to the 

I 

Waste Water. There are continuing moves on the part of various regulatory 
groups to require industry to return water from process in a pure condition. suitable 
for immediate reuse. In addition, as water supplies become less available. it is 
advantageous to reuse Water within processing plants to a greater extent. 

One of thhe most important steps in thhe conditioning of waste water is its 
clarification. Not only does this assure meeting water standards of turbidity, hut at 
the Same time it can bring substantial reduction in both BOD and COD. In this 
clarification step, several techniques are available. For large quantities of readily 
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settleable solids, a gravity thickener or clarifier is most practical. After initial 
clarification, a filter such as a tubular element or pressure leaf filter is used for 
"polishing" the water with complete removal of solid pxrticles. 

The disposal of sludge from a clarifier is a second concern, and usually this is 
done by passing it over a rotary vacuum filter much as in the carhanation process in 
the beet factory. When the sludge contains flocculants to aid in settling, filtration 
properties may be quite poor, and a rotary vacuum precoat filter can heat be 
employed. In either case, the solids from the water end up as a relatively dry filter 
cake, suitable for land disposal. 
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Chapter X 

A. Juice Storage' 

JUICE PURIFICATION IV 

Early in 1944 the Holly Sugar Corporation (9) experimented with storing 
purified evaporator thick juice for later processing. This early work was very en- 
c o u r a ~ n g  and was followed by larger and more intensive storage experiments in 
1958 and 1959, which proved that carbonated and concentrated beet liquor could 
he sucessfully stored in quantity for long periods of time without loss or deteriora- 
tion. The stored juice could also be processed with no more difficulty than with nor- 
mal day~ta-day operation of processing fresh orange juice before storage. The first 
full-scale installation of a plant utilizing this concept of storing concentrated syrups. 
such as thick juice, was made in 1960 at Brawley, California (IO).  The beet end of 
the 4000 ton Carlton factory was increased in capacity to 6000 tons a day without 
increasing the size ofthe sugar end. In 1964 a new factory was constructed by Holly 
Sugar Corporation at Hereford, Texas, incorporating thick juice storage. Again, 
part of the thick juice produced by the beet end was stored in large tanks for pro- 
cessing after the normal beet-slicing period. 

Due to the high degree of success of the Holly installations. in recent years 
storage of high.density, purified juices has become popular with many sugar com- 
panies, both in the United States and Europe (3.4). This has been either of thick 
juice or standard liquor. One sugar company in Europe (5) stores high green syrup 
at one factory and transports it to another factory which has an occasional excess of 
capacity of the low raw side. 

In the past, both The Great Western S u p r  Company (7) and the Spreckels 
Sugar Company (1) had experimented with adding small amounts of lime to diffu- 
sion juices, and evaporating the juices for storage. After storage they returned the 
juice to the plant and carbonated it before concentrating and boiling to sugar. In 
both cases excessive color formation was found, which caused difficulties in produc 
ing sugars of acceptable colors. 

Conditions for Successful Juice Storage 
In general the storage conditions for concentrated, purified juices are the 

same as thosc required for satisfactory storage of liquid sugar. Research carried out 
by the Holly Sugar Corporation (9) in 1958 and 1959 confirmed that mmt 
microorganisms. such as the yeasts and molds normally found in beet sugar juices, 
will normally not develop or grow in solutions of sugar which are above 67 Brix 
and 8.0 pH. This is not true, however, for unconcentrated thin juices, as these will 
support growth over a wide range of both temperature and pH. In spite of this nor- 
mal resistance to microbial attack, all sanitary precautions must be scrupulously 
observed, since such an infection can start through inadvertent dilution of surfaces 
by condensed moisture or other mishap, and once started. can have very serious con- 
sequences. 

Thus, tanks for storage should he clean and well sterilized immediately prior 
to use, and juice sent to storage should be as clean and sterile as possible. Filtration 
is necessary, not only to remove spores and organisms not killed by heat, hut also 
particles that might act as nuclei to start crystallization. The density of the juice 

'by Guy Rorahaugh and L.P. Orleans 
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should he as close to saturation as possible, depending on the purity and storage 
temperature of the juice. Of course, too high a density or supersaturation, or too 
low temperatures during storage in cold climates, will result in crystallization dur. 
ing storage. Everything possible must he done to minimize moisture condensation, 
and the juice should he cooled to as near the ambient storage temperature as possi. 
hle before k i n g  sent to the storage tanks. Storage tanks can he constructed so that a 
minimum ofjuice surface is present when the tanks are full. Filtered air circulation 
should be provided in the storage tanks to prevent condensation on the walls and in- 
side the roof. Several different tank designs and slight modifications of storing 
purified beet juice have been used. One such method is to use oil on the surface of 
the juice or liquor to establish a vapor harrier, with no effort to completely fill the 
tank, and this is descrihed in a later section. 

In general, presently the same conditions and practices are followed as were 
established in the original work (7). During the past I O  years many millions of 
gallons of thick juicc have been stored without any measurable loss or deterioration. 

Storage T a n k  Construction 
Tanks used for the storage of thick juice or standard liquor should be can- 

structcd, if possible, with a self-supporting roof so that no supporting columns are 
required, and if structural steel for the roof support is needed, it should he on the 
exterior of the tank to insure a smooth, u n o h s t ~ c t e d  interior tank surface. to 
facilitate cleaning and sterilizing. The tank also should have a roof designed to ex- 
pose a minimum of juice surface to the atmosphere within the tank, as the juice 
volume decreases due to cooling in storage. One such tank construction (see 
Figures 10-1 and 10-2) illustrates the cllipauidal roof construction of the storage 
tanks used by Holly Sugar Corporation. The cone-shaped roof wth external s u p  
porting steel, used at the Bucy-le-Long sugar factory in France, is shown in Figure 
10.3. The floor of the tank should he slanted toward the outlet point, to permit 
complete drainage. 

There is a tendency for vapors to escape from the surface of the juice as the 
tank is being filled. These vapors must he removed from the tank before they can 
condense on the roof or the exposed walls of the tank and drip onto the surface of 
the juice. Filtered and sterilized air is used to purge these vapors from the tank, The 
air is introduced at a central point and exhausted through several outlets near the 
circumference of the tank. The tank should he equipped with an ovcrllow line and 
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should be completely filled with juice to this overflow point. The tanks should also 
be equipped with sample lines at regularly spaced intervals up the side of the tank. 
These sample lines should extend at least 12 in. into the tank. Samples should be 
withdrawn frequently during the storage period to check on the condition of the 
juice in the tank. 

Preparation of Juice for Storage 
Thick juice to be taken to storage is removed from the evaporators, and heated 

to approximately 9O"C, to facilitate the following filtration in pressure filters, to 
remove insoluble matter and microorganisms. If the filtered thick juice is below the 
saturation point for the temperature and purity at which the juice will be stored, it 
must be further concentrated at as low a pressure as possible, to cool the juice, with 
automatic density control to maintain the desired saturation level. 

The concentrated thick juice is pumped to storage. being cooled by passage 
through a heat exchanger before entering the tank. This heat exchanger also heats 
the juice as it is removed from the tank and returned to the factory for processing. 
Care must be taken to prevent cooling the juice below the ambient storage 
temperature before it is introduced into the storage tank, or there will be problems 
of excessive crystallization. 

Before any juice is pumped into storage the tank should be thoroughly cleaned 
and sterilized by fogging or cleaning with a suitable bactericide. This process can be 
continued on a routine schedule as the tank is being filled. The tank should be com- 
pletely filled, eliminating any void space, OT atmosphere, within the tank. Complete- 
ly filling the tank prevents moisture from condensing on the tank surface and drip- 
ping onto the surface of the juice, thus permitting long periods of storage without 

Figurr 10.5. Conccntrrtrd juice 
storage tank at  Bucl.lrLong Isclory, 
France. 
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deterioration. In the event ofjuice contraction on cooling, the tank will yield suffi- 
ciently without structural damage. 

When the juice is required for processing to refined sugar, it is pumped from 
the storage tanks through a heat exchanger. Heating the juice at the storage tank 
area will decrease the viscosity and make the juice more easily pumped through the 
long lines usually connecting the storage area and the factory building, Once the 
juice is delivered back to the factory building, it is put into the refining process at 
the normal usage points for the type of juice being stored. The processing of the 
stored juice is similar to that which was used far the juice at the time it was pro- 
duced. 

Storage Under O i l  Barrier 
This technique has been used in storing raw cane sugar juices (1 I ) ,  and suc- 

cess has been obtained with it by the Utah.Idaho Sugar Company (7) and The 
Amalgamated Sugar Company (8).  The tanks used in this method are simple, cylin- 
drical, mild-steel units, with roof supported by solid pipe columns welded to the 
tank floor with continuous welds, so that no syrup can enter the pipes, A layer of 
mineral oil, 0.25.0.38 in. thick is floated on the syrup surface to provide the vapor 
barrier. A high-capacity blower equipped with efficient air filters is mounted on the 
roof at the center, and suficient air exhaust outlets are welded around the outer 
roof circumference. Sufficient air circulation is provided in the tank head space, so 
that the temperatures of the walls and roof never Each the dew point. 

The Utah-Idaho Sugar Company stored standard liquor rather than thick 
juice. In this c89e it i s  not necessary to control the density of the juices destined for 
storage by the installation of a finishing evaporator, nor is an additional set of filters 
required, since all of the standard liquor is filtered through the standard liquor 
presses. The portion going to storage is split off, pumped through a flash cooler, the 
Brix automatically adjusted to 67.5-68.5 with thin juice, the pH automatically ad- 
justed to 8.5 with soda ash, and the juice pumped to storage. During two years, this 
company operated the SteiTen process during the stored-syrup processing campaign 
(see pp. 223-224). The dilute, carbonated saccharate is filtered and the resultant 
juice pumped to the evaporator first body. Only the first three effects are used. Ef- 
fects one and two, which evaporate water from the dilute syrup from the Steffen 
house, supply vapors for the vacuum pans and heaters. and for effect three, which 
acts as a condenser. The cold standard liquor from storage is pumped to the third 
effect. where it is heated, and overflows to the high melter. The saccharate s r u p  
leaving the second effect is also pumped to the high melter, or to the high green 
tank, as required (1 1). 

Advantages of Thick Juice Storage 
There are many advantages of storing high-density purified beet liquors 
a) The beet end of a plant can be increased in capacity without expanding the 

sugar end (6) ,  giving the factory increased slicing capacity without the added cost of 
increasing the capacity of the sugar end. 

b) A factory can produce sugar for longer periods of time, and sugar produc- 
tion is not limited by the availability of beets to slice. 

c) Juice storage can provide sugar storage that is both leas expensive and, in 
some ways, safer than bulk sugar storage, and the risk of dust explosions. Sugar 
production can be planned to fit peak demands and packaging programs (9). These 
are important in successful marketing programs. 
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d) Plant capacity and efficiency can he increased, as with purified liquor 
storage the sugar end and k t  end BTC not as closely dependent. If trouble develops 
in the beet end, sugar-end operation can be kept at maximum capacity by returning 
juice from storage. If for some reason capacity is limited in the sugar end, the beet 
end can continue to operate at full capacity. and the excess juice produced can be 
diverted to storage. 

e) By storing all juice produced and working the sugar end only on stored 
thick juice. a fully automated and computer-controlled sugar end is possible, receiv- 
ing as its source of supply a thick juice of even composition. 

r) By regulating the amount of thick, purified juice to storage. better control 
of purity and molasses exhaustion can he maintained in the sugar end, with 
resulting better factory extraction. 

g) Storage of sugar in juice form has been recognized as more economical 
than storage of refined sugar in hulk or bags. The U.S. Department of Agriculture 
took note of this fact in 1969 when, after a hearing on the subject, it issued a deter- 
mination stating that under certain conditions a charge for juice storage could pmp- 
erly be applied to the refined sugar sales expense which is a part of the computa- 
tion involved in the payment to growers for the beets processed. 

Depending on the plant location and its particular circumstances, juice storage 
can offer many other advantages, some of which are of major economic importance. 
In the Rocky Mountain area, where beets must be harvested within a very short 
period of time in the fall, juice storage can reduce piled storage of beets and conse- 
quent losses from pile deterioration. Modification of present plants to increase heet- 
end slicing capacity and storage of the additional thick juice produced for later pro- 
cessing, presents a practical alternative. 

Disadvantages of Thick Juice Storage 
There are, of course, disadvantages which must be considered. in addition to 

the installation costs, before installing juice storage. These are such items as 
a) possible extra costs of sugar-end operation. h) decreased thermal efficiency, 
c) costs of preparation and maintenance of proper physical conditions of tanks and 
syrup during the storage period, d) possible higher labor costs, and e) the always 
present possibility of rapid loss of large quantities of sugar through microbial infec- 
tion, of which there have been at least two marginal instances. 
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B. Ion Exchange 

History* 
Ion exchange, or deionization, is a technique for removing undesirable im- 

purities from juice, thus increasing extraction and enhancing sugar quality. Nearly 
all soluble inorganic and many organic compounds are ionized to some degree. In 
the sugar industry ion exchange is accomplished by passing juices through beds of 
synthetic inn exchange resins. When properly regenerated in the respective hydrogen 
and hydroxyl forms, the cation and anion ion exchange resins have the ability to ex- 
change cationic and anionic juice impurities for the hydrogen and hydroxyl ions. 
respectively. 

If salt (NaCI) is assumed as a typical impurity in thin juice, and where Q and 
R, are cation and anion resins, and H R  and OHR, are the resins in the hydrogen 
and hydrnxirle forms, the following cycles apply. 
Cation Resin Semice Cycle. 

Anion Resin Service Cycle. 

Cotion Resin Regeneration Cycle. 

N n . + C ~ f H K , - - t N a R , + H ' + C I -  (1) 

H +  + CI- + OHR,  --f CIK, + H O H  (2) 

NaR,. + H' --t HR, + Na+ (3) 
Spent Regen- Regenerated To 
resin erant resin waste 

Anion Resin Regeneration Cycle. 
CIR, + OH-+OHR, + CI- (4) 
Spent reg en^ Regen. To Waste 
anion erant crated 
resin resin 

Thus the tvpical impurity, NaCl, has been removed from the juice and replaced 
with water. Many troublesome impurities, including some color bodies, are remov- 
ed from juices by the use of ion exchange processes. 

The principle of ion exchange has been known for over 100 years. A natural 
sodium aluminum silicate, green sand, has the ability to replace calcium and 
magnesium in water with sodium, thereby softening water. This material has been 
used for softening boiler feedwater. Its use on factory juices was of limited value, 
since calcium and magnesium are replaced with sodium, and elimination of 
evaporator scaling was the major advantage. In  1935. Adams and Holmes ( 3 4  
discovered that certain synthetic resins exhibited ion-exchange properties. Prior to 
World War I1 one beetmgar plant in Michigan installed and operated the process 
with limited success. After the war, a number of sugar plants. both cane and beet, 
made pilot-plant tests from which four commerciallysized plants evolved (33,34). 
By 1950 these plants had all ceased operation because of high costs, primarily due 
to inefficient regeneration and to resin degradation. After 1950 the resin industry 
improved resin elficiency and life. Many other industries, such as water treating, 
organic chemical manufacture. precious metal recovery. and nucleonics, employ the 
ion exchange process and have contributed much in improving equipment. 

'by J.E. Maudru 
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At the present time a total of one deionization plant, four Quentin 
magnesium-exchange plants, and one juice softening unit are functional in the 
North American beet-sugar industry. 

Role of Ion Exchange i n  the Beet-Sugar Industry 
The primary interest of the industry in ion exchange lies in increased extrac- 

tion, color removal, evaporator scale-prevention, and enhanced sugar quality, all 
resulting from nonsugar elimination. 

In the conventional process the only nonsugar elimination from the juice is ac- 
complished in the beet end. A pound of nonsugar entering the sugar end emerges as 
a pound of nonsugar in molasses. With 60 purity molasses the elimination of one 
pound of impurities releases approximately 1.5 pounds of sugar for recovery. Ex- 
pressed another way: 

where S = sugar purity, J = thick juice purity without remelt, and 
M = molasses purity. 
If S = 100, hl = GO 

2.5 1 - 150 

J 
Sugar end extraction = 

At J = 90 Sugar end extraction = 83.3% (Conventional) 
J = 95 Sugar end extraction = 93.7% (Ion Exchange). 

This is the major return from the use of ion exchange-an increase in thick juice 
purity without remelt, and the attendant increase in extraction. In a 4000.ton plant, 
with 15% sugar in beets. such an increase in extraction can increase white Sugar pro- 
duction by 1000 hags a day. 

Color and ash in sugar-end syrup and in white sugar are reduced, due to 
removal of ion-exchangeable color bodies, Typical elimination in 100% ion- 
exchange treatment is: total nonsugar removal, 8 2 %  nitrogen removal, 7 7 %  and 
ash removal, 98%. 

There are several juice and syrup streams in the factory that may serve as a 
feed for ion exchange and each has advantages and disadvantages. 

I 
I 

Diffusion Juice. Ostensibly, ion exchange might eliminate the lime kiln 
operation with its attendant rock and coke costs (35). Ion-exchange-treated diffusion 
juice has been the subject of a great amount of study. However, diffusion juice con- 
tains dark-colored colloids with isoelectric points at about the pH of cation emuent. 
The colloid is readily repeptized, and, therefore, is very difficult to process. Another 
lrasan for not treating diffusion juice with ion exchangers is that lime-removable 
impurities may h more cheaply removed with lime. 

T h i n  Juice. This is a good material for ion-exchange feed, and an almost 
water-white emuent is produced. However, large volumes must be treated because 
of the low density, and high flow rates, large columns, lines, and valves, are 
necessary. Evaporator scaling is reduced to a minimum. 

I 

I 
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Third-Body Evaporator Juice. This is a good feed at ahout 30' Brix. The 
volume is ahout half that of thin juice. 

Thick  Juice. A partial sueam, diluted with thin juice to 30" Brix, is likewise 
a good feed. 

Intermediate Green Syrup. Diluted to 30" Brix with thin juice, and retum- 
ing the ion-exchange-treated efilucnt to the evaporator supply tank, this is an ex- 
cellent material. since volumes and equipment sizes are minimal. Inversion losses 
are low and nonsugar loading of resins is high, due to the comparatively low 
sugarnonsugar ratio. 

Although the weights of nonsugars eliminated from the process materials are 
similar, regardless of the type of feed, other considerations are important. Thin-juice 
feed, although requiring larger equipment, minimizes evaporator and pan scaling. 
For maximum economy in plant costs and ease of operation a sugar-end liquor, 
thick juice, high green. or intermediate green, diluted to ahout 30" Brix with thin 
juice, with the eflluent returned to the evaporators, makes a very effective system. 
The exact choice of sugar-end materials depends upon the individual factory and 
relative sizes of the intermediate and raw equipment. Ion-exchange treatment o f a  li- 
quor normally employed as a pan feed reduces the amount of massecuite very 
markedly. 

Theory of Ion Exchange 
Ion-exchange resins have a certain capacity to remove ionized material from 

solution, which is stated in terms of millequivalents or kilograins of calcium car- 
bonate per cu ft of resin. A typical resin has a capacity of about 15-25 kilograins per 
cu ft. A cu ft of resin is measured after hackwashing settling. A volume of resin in 
this state is ahout 40% voids. 

Pyntkt i t  ion-exchange resins arc cross-linked or polymerized to varying 
degrees. Normally the degree of crowlinking and the capacity are directly related: 
e.g., the more crosdinking, the higher the capacity, and the higher the physical 
stability. The resin must be selected for the specific purpose desired. 

Ion-exchange resins are gel-like particles with diffusion capabilities, but ac- 
tually follow the crystalline mode, in that the molecules are ionized within the gel. 
The gel particle may be said to have many passages through it. Along each passage 
active molecular ends protrude which cause the activity of the granule. 

Listed helow are typical groupings far cation resins: 
R-S02(H) = Sulfonic grouping 
0 
// 

R-C--O(H) = Carboxylic grouping 
R-O(H) = I'lienolic grouping 

H in each case represents the H+ ion which is replaceable by other cations. 
The sulfonic type of cation resins is normally employed in beet-juice exchange. 
The mechanism of anion resin action is not as well understood as the cation 

resin exchange reaction. Considering hydrochloric acid as the material to be adsorh- 
ed, either of two reactions may occur. 

KNHZ + HCI + RNH,CI 
KR",  + O H -  + CY-, RNH:,CI + HOH 

(6) 
(7) 

Reaction (6) is adsorption. while (7) is true exchange. 
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Ion-exchange resins react with anions and cations in a selective manner. Thus. 
molecules having low molecular weights, and in the case of elemental ions, the 
lowest atomic numbers, arc most loosely held. 

Rains a n d  R a i n  Development' 
Synthetic iowexchange resins are most attractive, as they have relatively high 

operating capacities, combined with chemical and physical stability for many service 
cycles. Present costs are dependent an  resin type, durability, and capacity. 

synthetic ion-exchange resins are produced by the formation of a water- 
insoluble polymer into which active acidic or basic groups are introduced by chem- 
ical reaction. The synthesized polymer must h a w  an ion-permeable, gel-like, struc- 
ture, or a macroporous structure in order for ion exchange to take place within the 
polymer matrix as well as on the surface of the solid. Many synthetic ion exchangers 
are based on a matrix consisting of styrene and small amounts of divinyl benzene. 
The divinyl benzene, cross-linked polystyrene co-polymer matrix is converted to a 
strongly acidic cation exchanger by sulfonation, and to a strongly basic anion ex- 
changer by chloromethylation and amination ( 1  4). Figure 10-4 indicates the conven- 
tional synthesis of a strong cation, or sulfonic ion exchanger. and a strongly basic, 
or quaternary amine anion exchanger. Synthetic ion exchangers are also based upon 
phenol-formaldehyde condensates and epoxy-polyamine condensates (3). 

Types of lonerchange Resins 
Synthetic resins are classified as cation or anion exchange resins, and 

subclassifications of these include weak and strong cation and anion resins. 
The active ion-exchange groups associated with these subclassifications and their 
respective acidic or basic components are indicated in Table 10-1. The acidic or 

CATION EXCHANGER 

- C H  -c* -CHz - c *  - C H -  - C Y  -CY -Wp - c *  - C "  - 
2 ,  , 2  2 ,  , e  

ANION EXCHANGER 

. C Y .  C" - C" - CH- CH - - C " -  C" - OH - cw- C" - - C " -  cw - C" - C" - cw - 
2 .  2 ,  * 2 ,  2 ,  2 2 ,  2 ,  2 

Figure 1M. Synthclii 01 cation and anion exchange r e i -  (14) 

'by S.E. Bichsel 



304 BEET-SUGAR TECHNOLOGY 

Table 10-1 Chemical and Physical ClririficJlion of I o n  Exchange ~~~i~~~ 

Chemical Physical 
Cl ru i f ica I ion Classification Act irc Group P* T ~ p i r a l  Conligura#ioln 

simng Acid Solid-Chip or Bead Sullonic Acid I @S%H 

CHICH-CHe 
Coon \\'eak Acid Solid-Chip or Bead ( : " ' b u x ~ l i c  Acid 4.5 

Weak Acid Solid-Bead I 'hosphunic  Acid 2-3 O F O ( O H l p  

Quaternary I @H~N*ICH,), c I -  
Stmng Bare Solid-Bead 

Anmoniam 

A*lli"C 

Allline 
(Aromatic M a t r i x )  

Anline 
( A l i p h a t i c  Matrix) 

6-9 O C H z N H R  
\\-erk Base Sol id-Chip  or Uead Seomdarg 

W e a k  Base Sol id-Chip  or Bead T e r t i a r y  OCYNR. 
Weak Rase Solirl-Chip or nerd Tertiary 3-5 -FHCHqCH< 

OH CH. 

.P = - log of dissociation Conftnnls of acids and bases 

basic exponents, P, are calculated as the negative logarithms of the dissociation con- 
stants of the acids and bases in question. Figure 10-5 shows the typical titration 
curve of a strong sulfonic acid resin. IR-120. and a weak carboxylic acid cation 
resin, IRC-50 (6). Figure 10-6 shows the titration curves of a strongly basic quater- 
nary amine. IRA-400, and a weakly basic secondary and tertiary amine, IR-4B, (6). 
Strong cation exchangers are capable of adsorbing weakly basic ions such as amino 
acids and betaine. The neutral salts, sodium and potassium chloride, are converted 
to hydrochloric acid due to strong cation exchange of hydrogen for sodium and 
potassium ions. T h e  titration cume for a strong cation resin indicates that ion ex- 
change may take place over a pH ransr from 0 tn 14 pH, while the. weakly acidic 
resins have effective operating ranges from 5 to 14 pH. Weak cation resins are 
generally capable of splitting multivalent cations of alkaline salts. Strongly acidic 
cation exchangers, by and large, are completely regenerated with 300% to 400% and 
weakly acidic cation resins with 1 I O  to 11 5% of the theoxtical acid requirements. 
The titration curve of the strong anion resin indicates an ability to adsorb weak 
acids and split neutral salts. The elfective strong anion-resin operating range is from 

,' 

D' 

L I 
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0 to 14 pH. The weak anion exchange resin operates effectively from 0 to 9 pH. 
The weak anion resin is capable of adsorbing strong acids from solution. It is 
general practice in the beet-sugar industry to follow treatment with a strong cation 
resin by treatment with a weak anion resin to adsorb the strong acids generated by 
the salt-splitting capacity of the former. Strong anion resins require 300% to 400% 
and weakly basic resins 1 IO to 115% of the theoretical base requirements for com- 
plete regeneration. Weakly hasic resins may be regenerated with a strong base such 
as sodium hydroxide. or a relatively weak base such as ammonium hydroxide. 
Strong base anion exchanger regeneration can only be done with strong bases. 

lems from mechanical attrition. Oxidative resin de-crodinking has not bmn a 
great problem in treating clarified process juices. Treatment of juices or liquors 
downstream of sclfitation insures that the resin is exposed to a reducing enviran- 

Figure LO6. Titration cumen of anion. 
exchange mim (6) 
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ment. Cation resins with percentages of cross-linking as low as 5% have been used 
successfully in deionization service on cold-sulfited feed juice (7). Osmotic shock in- 
duced by exposure of  the resin to wide variations in electrolyte or sucrose concentra- 
tion can cause head or chip fragmentation due to contraction and expansion. Ther- 
mal shock may also produce fragmentation. Physical losses of strongly acidic cation 
exchangers range from 1 to 5% per 130.day deionization campaign. Weak anion- 
resin, osmotic-shock losses range from 15 to 25% per 130-day deionization cam- 
paign (9). Resin loss due to osmotic shock is a function of the resin type-gel or 
macroporous, the number of resin service cycles, the ionic strength of the stripping 
solution, the Brix change during water displacement, the temperature of the feed 
juice. and the ratio of the fixed resin column diameter to the bed depth. Thermal 
shock fragmentation is caused by high temperature differences between the resin 
and the juice feed to the column, regenerants, and rinse water. Microorganism 
growth in ion exchange resins, due to trace amounts of sugar or other organics re- 
maining in the matrix of the iowexchange Ipsin, can fragment the resin or reduce 
the operating capacity ofthe resin. Microorganism infection occurs primarily during 
intercampaign storage periods. Storage of anion resin in the chloride form and ca- 
tion resin in the sodium form, in a 5% sd-0.5% formaldehyde solution eliminates 
the possibility of such attack. 

Resin Fouling 
The long-term operating capacity of cation and anion resins is related to the 

resin classification, the amount and type of feed juice or liquor impurities, the resin 
stripping and regeneration procedures, and the operating temperatures. Under nor- 
mal deionization service conditions cation resin capacity declines are associated with 
precipitation of calcium sulfate within the resin matrix. Thi3 fouling effect is avoid- 
ed if proper sulfuric acid regeneration procedures are observed (30). 

By far the most critical capacity decrease problem encountered in treating 
sugar beet juices and liquors is organic fouling of weak and strong anion resins. Ir- 
reversible fou!ing can usually he traced to sorption of high.molecular-wei~ht 
organic acid or high-molecular-polymeric type molecules with polyfunctional 
groups ( I ) .  Melanoidin color bodies in beet juices have long been suspect. Irreversi- 
ble fouling causes decreased total capacity, decreased operating capacity to a given 
pH breakthrough, extremely sensitive operating capacity-feed-flow rate relation- 
ships, and high rinse requirements to reach a specific conductivity after caustic 
regeneration. Oxidation of secondary or tertiary weak-anion, amine groups results 
in a weakly acidic exchange p u p .  By the same token, incorporation of a 
macromolecular foulent into the weak anion resin matrix may also give the weak 
anion resin weakly acidic capacity, with the resultant alkali retention, and the long 
rinse requirements after caustic regeneration. Regeneration of weak anions with am- 
monia characteristically reduces high weak anion rinse requirements. (15 ) .  

New Resin T y p  
Resin developments of significance include two.phase, macroporous-structure 

resins, which are generally more resistant to osmotic-shock fracturing and oxidative 
decross-linking. These advantages are partially negated by lower specific gravity, 
higher expansion volumes, lower capacity. and slightly higher costs when compared 
with competitive gebtype resins. In some industrial applications where severe 
chemical and physical conditions exist, only macroporous resins can be used. In 
sugar treatment the catalytic inversion rate of a macroporous resin is usually 
significantly less than those ofcompetitive gel resins under the same conditions (39). 
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A new type of weakly acidic cation resin based on an acrylic matrix with a gel 
or macroprous structure, is capable of eliminating significant amounts of calcium, 
sodium, and potassium from sugarbeet process juice and liquor Streams (2). These 
resins, utilized in the hydrogen form, offer the advantages of high total capacity, 
regeneration with only 110% of theoretical acid requirements, and negligihle 
sucrose inversion in the I5 "-20 "C deionization service ranges. Disadvantages are 
high-swelling values-65% from the hydrogen to the sodium form-high leakage 
sensitivity to feed-flow rate variations, difficulty in using over 50% of the total resin 
capacity due to high sodium and potassium leakage, and high initial COSI. In the 
area of polymeric and resinous sorbents several new materials have been produced, 
which are based on cross-linked polystyrene polymers, characterized by uniformly 
macroporous porosity (49), and on highly porous hydrophilic resins with phenolic 
hydroxyl and methylol groups for hydrophilic properties. Generally these synthetic 
sorbents are most effective in eliminating sugar-juice color bodies of high molecular 
weight, of the caramel or melanoidin type (13). When used in conjunction with 
activated carbon, the resinous adsorbents are most effective as the primary color- 
removing units. Activated carbon may he used as a "polisher." Regeneration of 
resinous sorbents is accomplished with a dilute solution of sodium hydroxide and a 
dilute sulfuric acid rinse to pH 4. 

Equipment  and Equipment Development 
Proper design and sizing of ion-exchange equipment is essential far efficient 

and profitable ion-exchange plant operation. Deionization of beet-sugar juices dif- 
fers significantly frum water deionization. Impurity loadings are much higher, most 
systems operate at an economically controlled leakage, and provisions must be 
made to cool the juice to minimize catalytic inversion. Service cycles are com- 
paratively short, and dilution from column sweetening-desweetening ("sweetening- 
on," "sweetening or ' )  can become an economic problem. Maximum utilization of 
the costly acid and base regenerants is very important. These problems can he 
minimized effectively by proper design (30). 

A standard, fixed-bed. ion-exchange column consists of a column container, 
internal distributors for the liquid entering or leaving, a resin-bed support, usually 
of graded quartz gravel, and adequate empty space or freeboard above the resin bcd 
so the resin can double its volume when backwashed. Figures 10-7(a). (b), (c) in- 
dicate standard iomexchange equipment. both fixed and continuous bed, in use at 
present. Ion-exchange columns, transfer lines, and valves are usually food-grade, 
rubber-coated, or lined with polypropylene to protect against corrosive acidic, basic. 
or salt solutions. In addition to columns. transfer lines, and on-off valves, an ion- 
exchange plant must have provisions for liquid-flow control, density control, pH 
and conductivity read-out, timed-cycle control. and feed-juice, temperature control. 
Absolute control of column-juice feed, volume, Brix, purity, and temperature is a 
necessity in juice deionization. Similarly regenerant concentration. flow rate, and 
time of use must be controlled if maximum economic usage is to be assured. In 
most cases, corrosion-resistant storage tanks lined with epoxy or rubber must be 
provided for once-used regenerants and cation-stripping solutions. Bulk-regenerant 
storage tanks are usually extra-thickness mild steel for concentrated sulfuric acid; 
stainless steel, high-pressure, rail- or truck tankers for anhydrous ammonia; rubber- 
lined tanks for concentrated sodium hydroxide; and mild steel for 24.25% aqua am- 
monia tanks. 

Automated control is necessary in a modern ion-exchange plant. Utilization of 
proper instrumentation. alarm systems, and visual readouts can reduce labor re- 
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.BASIC FIXED B E D -  'MIXED BED- 

MIDOLE DDIRIBUTOII 

AIR DIST818"TOR B" 

BOTTOM DlSTR BOTTOM OlSTRlsUTOR 

Figurc ICLh. Basic fixed. and mixedd.bed ion exchange equipment. 

quirements in the most complex deionization plant to one operator per shift, In ad- 
dition automation contributes to optimum plant performance. Figure 10-7(a) shows 
a flow diagram for basic fixed, and mixed-bed ion-exchange columns. 

Fixed Beds 
In a hasic fixed-bed system, process juice is admitted at constant flow rate, 

density and temperature through valve B. The juice is discharged through valve C 
after percolating uniformly throush the fixed resin column, and the inert, resin- 
support bed. Regeneration and resin-bed rinse and deswcetening liquids are carried 
out in the same manner-in through valve B and downflow out valve C. Durins 
resin backwash, water flows in valve C at a controlled rate and out of valve A. The 
resin bed is expanded to twice its fixed volume. 

PULSE 

RINSE 

SOFTENED 
BRINE REOEN I N  JUICE OUT 

HARDNESS OUT 

SWEET OFF WATER IN JULCE IN 

SWEET WATER O u r  

Figurc I&%. Cantinuovclmp t ~ p .  mminebd, ion errhnngc mnuctor. 
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Fixed, Mixed-Rain M s  
The mixed.resin. fixed bed differs from the basic fixed bed in that it contains 

both cation and anion resins, which, by virtue of different specific gravity values, 
can be hydraulically separated during backwash. Separation ofthe anion and cation 
resins is necessary for regeneration, A basic regenerant and an acidic regenerant 
flow downwards through valve B, and upflow through valve E. respectively. Waste 
regenerants are combined and flow out the resin interface distributor through valve 
C. The rinsed, regenerated resins are then mixed by admitting air through the 
sparger distributor valve B. The thoroughly-mixed anion and cation resins are then 
ready for the downflow service cycle. 

Continuous Beds, LOOpType 
Figure 10-7(b) shows a simplified schematic flow diagram for a continuous 

loop-type contactor (1 l , l 2 , l 4 )  and Figure 10-7(c) a continuous, countercurrent ion 
exchanger (5,37,55) operating in the thin.juice softening mode. Both these con- 
tinuous systems operate counterflow-juice, rinse water, or brine regenerant flowing 
continuously in one direction, and the resin moving in the counter direction. 

The continuous, loop-type. moving-bed contactor consists of a hydraulic-pulse 
chamber, a service section, and desweetcning, brine regeneration, and resin- 
regenerant rinse sections. The pulsing action responsible for periodic resin move- 
ment requires 5-10 seconds and resin pulses may OCCUT every 2-15 minutes. The 
resin movement displaces a length of 6 to 18 inches. Juice enters valve C and per. 
colates countedow, through the resin bed and out valve B. Rinse, brine regenerant. 
and desweetening-water function in the same manner. 

Continuous. Countercurrent Beds 
The continuous. countercurrent ion-exchange process consists ora  service col- 

umn, a rinse column with attached resin hopper, a desweetening column and a 
regeneration column. Juice to be treated enters the service column through valve H, 

1 
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. - .  
thon,ughly.backwashing dl beds. Juice flow through the entire ion-exchange system 
should he simulatcd with water ~cvcral days before bcet slicing itarts. 1\11 control i n  
strumen& and flow.convol valves must be checked lor calibration Particular attcn 
tion should be directed to accurate volume calihration of h c  mctcrs mearuringpice 
into and out of the ion-exchange plant. Errors in either of thew matters make a c  

and percolates upward through the resin bed. The softened juice is discharged 
through valve G. At time intervals dependent on the juice-impurity load, a slug of 
resin is admitted to the service column from the resin hopper feeding the rinse col- 
umn. Simultaneously, exhausted resin is discharged downflow from the service col. 
umn, through the resin-cycle line into the desweetening column. Desweetening 
water is admitted on a continuous hasis through valve D and out valve C. The resin 
is transferred to the regeneration column, and regenerated in a counterflow manner 
with brine through valve B. Hardness ions are discharged through valve A. The 
brine-regenerated resin is transferred through the resin-recycle line to the resin-rinse 
column, where residual brine and hardness is rinsed from the resin countercurrent- 
ly. Rinse water enters through valve F and leaves through valve E. The regenerated, 
rinsed resin is transferred to the service column and the cycle repeats itself. Several 
other continuous systems such as the CCIX and the Vaf-type countercurrent con- 
tactor all rely on countercurrent flow to increase operating efficiency (4,23). 

Comparison of Fixed a n d  Continuous Beds 
The following economic advantages are claimed in comparing continuous ion. 

exchange systems with conventional fixed-bed units (4.3 I): a) lower capital costs, 
25.35% less than a conventional fixed bed; h) decreased use of regenerant 
rhemicals, resulting in lower operating costs; c) lower resin inventories; d) higher 
emuent purity and more uniform emuent quality; e) more efficient usage of 
r:generants resulting in less waste disposal; I) greater operational flexibility; 
g) significantly less treated juice dilution, and catalytic sucrose inversion in the case 
of deionization; h) less maintenance and lower lahar costs; and i) space savings of 
approximately 20-30%. These claims have yet to he realized in the beet-sugar in- 
dustry. 

It should be pointed out that continuous countercurrent units have operating 
problems in the following areas: premature failure of resin-transfer valves; in- 
complete resin exhaustion, regeneration and rinsing, and high resin-attrition rates 

versus continuous ion-exchange equipment have usually ignored the basic advan- 
ces which have increased fixed-bed operating efficiency (35). Such advances in- 
clude counterflow regeneration to decrease impurity leakage in strong cation and 
anion fixed-bed columns: "merry-go-round" anion and cation-column operating 
flows to insure complete resin exhaustion, and weak cation or weak anion resins 
overlaying strong cation and anion resins. This arrangement extends the strong ca- 
tion and anion-bed cycles and can reduce regenerant requirements by more efficient 
use. 

I 
y y L  -I..̂  I^ .- =,."ti., -.. -ual movement in the resin cirmit. Economic comparisons of fixed-bed 

I 

Operational Procedures 

Precampaign Preparation 
The success or failure of an ion-exchange plant start-up is dependent on ade. 

quare intercampaign maintenance of instruments, valves. pumps, juice-cooling 
units, and other auxiliary equipment. Initial prestart-up efforts should be concerned 
with rinsinu the intercampaim nreservative solution from the resin beds. and 
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curate material balances difficult. Automatic cycle-control timers should be cycled 
on an accelerated hasis to completely check for proper functioning of all automation 
and control-panel circuitry. Stan-up inventories of acid, base, and brine should be 
measured. Delivery schedules with regenerant suppliers must be confirmed. Alter- 
nate means of regenerant delivery should be established in case of truck or rail 
strikes. The water testout period serves not only to test the equipment but to reac- 
quaint operators with the operating cycles and procedures. 

Cooling to Avoid Inversion 
Adequate cooling of deionization plant feed juice is necessary to minimize 

heterogeneous and bomogcneous catalytic sucrose inversion. Heterogeneous inver- 
sion is induced by sucrose contact with sulfonic acid p u p s  on a regenerated. 
strong cation exchanger. Homogeneous inversion is caused by molecular contact of 
sucrose with hydrogen ions in solution. Hydrogen ions are released by the strongca- 
tion resin, in exchange for cationic juice impurities in the process-juice stream. 
Heterogeneous inversion and homogeneous inversion rates are influenced by the 
temperature of the juice. Figure 10-8 shows the effects of pH and temperature on 
the homogeneous inversion of sucrose (27). Figure 10-9 shows the sum of 
homogeneous and heterogeneous inversion expressed as percent of the total sugar 
treated (8). This plant data was obtained at three different juice temperature values. 
The decrease in inversion values as bed volumes increase, clearly indicates the 
diminishing effect of heterogeneous catalytic inversion as the strong acid resin, 
Duolite C-25-D. becomes exhausted. The treated juice was an 8042% purity, 30' 
Brix mixture of intermediate green syrup and thin juice. The flow rate approx- 
imated 0.20 gaflcu ft resinlmin. Normal total inversion losses for a deionization 

Figure 10.8. Homogcnmw 
tiinn (dam of Sadlar). 

invcr- 
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plant operating with juice cooled to about IO'C are from 0.3 to 0.6% of the total 
sugar treated. These values increase or decrease in relation to a) the resin percent- 
age of divinyl benzene cross-linkage; b) the regeneration level of the resin; c) the 
avenge juice-resin contact time; and d) the juice temperature, degrees Brix. and 
purity. These conditions must be considered when ion-exchange plant, juice-coaling 
capacity is under study. 

Juice coaling is generally accomplished in one of three ways. a) Juice is in- 
itially cooled by passing through a high-efficiency, plate-type heat exchanger, 
counterflow, to cool deionized juice. Further juice coaling is accomplished by pass. 
ing the juice through a compressor.type mechanical refrigeration unit of the kind us- 
ed to chill brine continuously. b) Juice is initially cooled as mentioned in a) and 
final cooling to the desired temperature is accomplished by passing juice through a 
high-efficiency. plate-type heat exchanger, counterflow to chilled brine or ethylene 
glycol solution, recirculating through a mechanical refrigeration unit. c) Juice is in- 
itially cooled as in a) and chilled to the final temperature by vacuum-induced flash 
evaporation. Vacuum is produced by steam jet evacuators. Juice cooling by 
methods a) and b) require large volumes of water, preferably below 23 'C  to cool 
the mechanical refrigeration units. Power requirements to drive the mechanical 
refrigeration units are significant. Juice cooling by method c) requires a substantial 
amount of high pressure steam. The judicious selection ofjuice cooling equipment 
will vary according to the availability of large quantities of cold water, industrial 
power rates, and high-pressure steam. 

Operating Cyclea, Sweetening 
Operation of the ioncxchange plant begins with the mccfcning cycle. Cooled 

juice flows through tbc middle distributor. located several inches above the fixed, 
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cation-resin bed. The juice level within the column dome is controlled by air 
pressure, or by a noncompressible water dome. In the case of the latter, since the 
sugar-hearing juice has a higher density, it forms a juice layer helow the water 
dome. Water-juice mixing is minimized by low-turbulence distributor outlets. 
Water is displaced during desweetening as indicated in Figure 10-10, curve B or A 
(32).  Perfect displacement does not occur, as in curve C, due to imperfect 
sweeteningjuice distribution, juicewater backmixing, and nancquilibrium, water- 
juice dilfusion conditions within the resin bed. This nonequilibrium, tailing effect is 
particularly apparent after the first bed volume. The time, in terms of bed volumes 
of sweetening juice, to reach diffusion equilibrium or constant effluent Brix, is 
decreased by 50% with a juice-temperature increase of IO "C, or a flow-rate decrease 
from 1.0 to 0.5 gpmlcu ft. During the sweetening cycle. water is generally diverted 
to the drain until a 1 .O Brix emuent is indicated. This is shown by a sharp increase 
in the cation-column eflluent conductivity, due to emuent breakthrough. A Brix 
spindle may also be used to determine the p r o p  sweetening, cutoff-Brix point. The 
1 .O ' Brix cation cmucnt is diverted to the regenerated, weak-anion column, and the 
anion-sweetening cycle continues until a 1.0" Brix anion emuent occurs. Conduc. 
tivity, Brix spindle, or the measurement ofthc volume of anion-sweetening cmucnt 
may be used to determine the exact time required to reach a 1 .O ' Brix anion column 
emuent. At this time the alkaline, pH 9.0-9.5,  deionized juice is diverted to the fac- 
tory juice evaporators, or ion-exchange etluent concentrators 

SWEETENiNG DESWEETENING 
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Figvre 1010. Ion exchanger bed 
displscmmi curves (plant data). 

Service Cycle 
During the senice cycle the cation-column, emuent pH is 1.5 to 1.7. and the 

anion emuent approximates 9.0-9.5 pH. The duration ofthe service cycle is depen- 
dent upon the type and amount of impurity loading/minicu ft of anion and cation 
resin, and the regeneration level of the strong-cation resin. It is assumed that the 
weak-anion resin is completely regenerated. The economics of strongly acidic cation 
resin regeneration are generally most favorable at a level of 70 to 80% ofthe total 
resin-column capacity. When the paired cation-anion column pair process scheme is 
used, cation-anion resin volumes must be balanced so that both columns are ex- 
hausted at approximately the same time. This process scheme requires careful 
maintenance of cation-anion resin volume ratios and cation regeneration levels. 

Recent trends in fixed-bed ion exchange technology favor operating a primary 
cation-anion resin pair in series with a secondary cation-anion pair (29). The 
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~ r i m a r y  cation-anion pair is operatd t i  complete exhaustion, and rotated out of 
service to the desweetening cycle. The secondary catiowanion pair is rotated to the 
primary juice receiving position. The secondary cation-anion pair is replaced by a 
regenerated cation-anion pair. Three cation-anion pairs are rotated in a merry-ga- 
round fashion from standhy-to primary-to secondary-to desweetening. 
backwash, and regeneration-and to standby. This process scheme uses cation and 
anion capacities completely. 

Another scheme operates the cation and anion column in an independent 
mode (7). Three strong-cation columns are operated with one regenerated column in 
service. When the service cation column reaches exhaustion it is desweetened into 
the next regenerated cation cell in standby position. The regenerated cation cell in 
new service temporarily receives the desweetening flow from the exhausted cation 
unit, and the service juice flow. This operating procedure, in conjunction with 
counternow cation regeneration, insures complete utilization of cation capacity with 
minimum impurity unluadirig or leakage. The cation-column, effluent juice flows 
through two, weak-anion columns in series, in primary and secondary positions. 
When the primary weak anion emuent juice pH or conductivity approximates the 
decationized primary anion feed value, the partially exhausted secondary anion ex- 
change cell is rotated in a merrygo-round fashion to the primary position. 
Predicating secondary anion rotation to the primary position on the basis of total 
primary anion exhaustion eliminates nonsucrose leakage associated with rotating 
the secondary anion on the basis of pH decline. The completely exhausted, primary, 
weak-anion cell is rotated from the service position to the desweetening cycle. A 
regenerated, weak-anion column in standby position is rotated to the secondary ser- 
vice position. This operating scheme insures complete exhaustion of cation and 
anion resins and eliminates interdependence of the cation and anion service col- 
umns. 

Strong-cation operating-capacity breakthrough is most easily monitored by 
observing the decreasing cation-effluent conductivity. Weak-anion capacity 
L,rc:khm-gh is ezsily determined by rninn emuent pH d.yreaw, Tahk 10.2 s h o w  
deionization plant nonsucrose and color elimination values. The juice treated was a 
30' Brix, 80-82 purity, mixture of intermediate green syrup and thin juice (7). 

Table I M  Ion Exchange Nemut- Elirninndon 0 
Percent 

NO"S"=arS 
EfIl"C"I 

R"IP 1 2 3 1 2 3  

Purity A.P. 81.6 80.8 81.0 95.1 94.0 93.6 
N.S./100 sugar 22.54 ?Z76 23.36 5.15 6.38 6.84 
Organic (N)/IOO Sugar 1.W 1.38 1.17 .29 .30 29 
Total Amino (N)/100 Sug.1 31 .S9 2 4  .06 .06 .OB 
Betaine (N)/100 Sugar .36 3 6  .39 .I5 .I6 .I4 
Unk. Organic (N)/IOO Sug. .60 .63 5 4  .08 .06 .09 

Sodiurn/100 Sugar .97 1.00 .89 .05 .04 .OS 
Polaaium/r00 sugar 1.49 1.55 1.59 .08 .04 .03 

Color Index3 2523 2420 2348 51 49 64 

Calrium/100 Sugar .08 .08 .09 0 0 0  

Chloride/100 Sugar 1.01 .95 .go .01 .01 .01 

PH 8.9 8.7 8.8 7.2 7.1 7.3 

0 

Eliminated 

I 2 3  

77.2 73.2 70.8 
77.2 73.2 75.2 
80.7 79.5 75.0 
58.3 55.6 64.1 
86.7 90.5 83.3 
100.0 100.0 100.0 
94.9 96.0 9G.G 
98.0 97.4 98.1 
99.0 99.0 99.0 
98 98 97 

...... ~~~~~~ 

'Eight Hour Composite 
*Included Amino Acid ( N )  Plus P C A  (N) 
"ICUMSA color m e l h d  a i  560 nm. 
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Deaweetening 
Termination of the anion-cation column service cycle is followed by the 

desweetening cycle. Figure 10-10 indicates that perfect displacement of the juice 
with water is not possible. As noted in the discussion of sweetening procedures, in- 
creased sweetening juice temperature and decreased flow rates reduce the amount of 
desweetening water or sweetening. juice needed to reach a 1 .O' Brix column ef- 
fluent. It is general practice to reclaim the last fraction of the desweetening eilluent 
ranging from 5 to I .O ' Brix. and averaging 2 ' Brix, for use in place of water during 
the initial part of the next desweeteni:ig. cycle. This technique can reduce total ion- 
exchange dilution by 30%. An economical compromise must be established when 
considering dilution from sweetening, desweetening, and the percent of total sugar 
physically lost. 

Figure 10-1 I defines the operating parameters of percent total dilution, per- 
cent total physical sugar lost, and the percent sugar or Brix of the sweetening ef- 
fluent-desweetening cutoff point (7). Dilution is calculated from plant data. Total 
dilution is expressed as the percentage difference in (tons of wateriday out of the ion 
exchange plant) - (tons of watcrlday into the ion exchange plant). No correction has 
been made far water formed due to reaction of H +  and OH-. As an example, 
assume a sweetening cutoff point of I Brix, or 1% sugar. This camsponds to a 
total dilution of approximately 100%. If sweetwater recycle is employed. the dilu- 
tion decreases to 70%. Further decrease in dilution may only be accomplished at the 
expense of increases in sugar losses. 

Figum 1011. Ion exhanger dilution and per- 
cent torn1 sugar toy. IS a function of the Brix 
of the cfflvent at  the cutofI point (7). 

Backwashing 
The desweetening cycle is followed by the backwashing cycle of the anion and 

cation resin columns. Raw water or recycled backwash water may be used to 
backwash cation or anion resins. If recycled backwash water is used as a means of 
minimizing water usage and subsequent discharge, the recycled backwash water 
must he free from resin fines as a result of settling or filtration. In addition, recycled 
backwash water must be dosed periodically with an FDA-EPA approved biocide to 
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minimize the possibility of bacterial infection. Periodic blowdown of recycled 
backwash water or continual bleed.off of recycled backwash water with equal 
volume of raw water makeup is a requirement for successful reuse of backwash 
water. Backwash water is introduced through the bottom distributor, with sufficient 
velocity to expand the resin bed 100%. Backwashing accomplishes the following ob- 
jectives: a) gas bubbles, particulate matter, and resin fines produced by osmotic 
shock are eliminated from the resin bed: b) the resin is classified with respect to par- 
ticle OT bead size. Resin classification prevents regenerant and juice channeling 
through the resin bed. Fines are separated from the resin and discharged to waste 
through the top column distributor. Figure 10-12 shows the percentage of bed ex- 
pansion, versus the backwash rate in gpmisq ft of bed area (17). The graph shows 
the resin-bed expansion is a function of resin-mesh size, resin form, and resin type, 
as well as backwash flow rateisq ft of bed area. D O W E X ~ I ,  and 21K are strong 
anion-exchange resins, and DOWEX-50 is a conventional strong anion resin. 
Backwash water temperature also bas a great effect on the percentage of bed expan- 
sion. A decrease in the water temperature from 30' to 20°C can increase bed ex- 
pansion by 20%. T h e  duration of the backwash cycle usually does not exceed 25 
minutes. A backwash cycle is terminated on a time basis or by visual examination of 
the backwash water clarity. When backwashing is complete. the resin bed is allowed 
to settle. A short, fast downflow rinse insures resin-bcd compaction in preparation 
for the regeneration cycle. 

Figure 10-12. Backwash character. 
islirs at various flow rates, 25'C 
(17). (Counory. Dov Chcmical 
C0mpa"y.) 

Weak-Anion Resin Regeneration 
Weak-anion resin =generation is customarily accomplished with ammonium 

hydroxide, ranging from 3 to 6% ammonia concentration. The dilute aqua a m  
monia solution is produced by diluting 24% to 25% aqua ammonia with decationiz- 
ed or softened water. Downflow regeneration rates may vary from 0.25 to 0.50 
galicu fdmin-the higher the regenerant concentration, the lower the flow rate. 
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Regenerant-resin contact time must be adequate for maximum utilization of 
regenerant (51). In some cases it is advantageous to inject concentrated sodium 
chloride brine into the ammonium hydroxide regenerant stream, to form a 5% solu- 
tion with respect to sodium chloride. Plant tests indicate that brine plus amonium 
hydroxide regenerant effectively strips sorbed color bodies from weak.anion resins 
(8). The combination of regeneration and simultaneous anion-resin stripping retards 
weak-anion fouling. Weak-anion regeneration with aqua ammonia equivalent to 
110 to 115% of the theoretical resin base capacity is suficient for complete weak- 
anion regeneration, 

The weak~anion regenerant waste stream, consisting of ammonium salts of 
organic and inorganic anionic impurities from the juice, may he quantitatively 
reclaimed for use as a strong cation-resin stripping agent prior to cation acid 
regeneration. Weak-anion regenerant rinse must be carried out with decationized or 
soft water, due to possible magnesium and calcium hydroxide precipitation within 
the resin beads. These precipitates can reduce weak-anion operating capacity. If this 
occurs, operating capacity may be restored by rinsing the resin with a dilute 
hydrochloric acid solution, followed by a conventional sodium hydroxide or am- 
monium hydroxide regeneration and rinse. 

StrongAnion Resin Regeneration 
Sodium hydroxide must be employed to regenerate a strong-anion resin. Com- 

plete strong-anion regeneration requires 300 to 400% of the theoretical strong.base, 
resin capacity. Two-stage regeneration is used to insure maximum use of sodium 
hydroxide. Strong-anion regeneration is followed by a slow, regenerantwater rinse, 
and a fast rinse, to a given column emuent conductivity. 

Ion Exchange Operation 
For reasons of operating economy and waste-regenerant disposal, ammonium 

hydroxide is used in many beet-sugar juice deionization plants employing weak- 
anion resins (32). The cost differential, per equivalent. between sodium hydroxide 
and ammonium hydroxide makes the use of sodium hydroxide prohibitive under 
normal circumstances in most geographical areas in North America. 

Cation Resin Regeneration 
Maximum utilization of sulfuric acid regenerant during strong-cation 

regeneration is of prime economic importance. Sulfuric acid usage can account for 
35 to 50% of the total deionization-plant operating costs (8). The first stage of 
strong-cation resin regeneration consists of the cnfion resin sfripping cycle, using 
weak-anion regeneration, alkaline waste. This waste consists of sodium or am- 
monium salts of anionic juice impurities. Cation stripping accomplishes the follow- 
ing: a) calcium is exchanged far ammonium or sodium ions, thus eliminating the 
possibility of calcium sulfate precipitation during strong-cation sulfuric acid 
regeneration; b) color bodies sorbed on the cation resin are stripped by the weakly 
alkaline salt solution; c) ammonium or sodium ions are easily exchanged for amino 
acids. The opposite is true when direct acid regeneration o f a  strongcation resin is 
employed. It is not surprising that acidic regenerants are not particularly eflicient in 
elution of amino compounds, since amino acids are highly ionized in acidic media 
and are essentially non-ionic in an alkaline solution. A high degree of ionization is 
associated with effective aminoacid bulkiness and slow diffusion from the resin 
matrix during acid regeneration (36); d) cationic and anionic juice impurities are 
recombined to form a 5.0 Brix RNS (reconstituted nonsugar stream), which may be 
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concentrated in a manner similar to hat SteNen filtrate for addition to beet pulp in 
conjunction with molasses, prior to drying. This approach to the disposal of the 
high-BOD, deionization-plant waste, converts a potentially noxious waste stream in- 
to a valuable addition to dried pulp (IO). RNS is also sold in the concentrated form 
as a high protein animal feed supplement (1 I). Protein content of RNS approx- 
imates 60% on a dry solids basis. 

Cation resin stripping is followed by a slow and fast raw~water rinse. The 
strong-cation acid regeneration cycle, for efficient regenerant use. is conducted as a 
two-stage process. The first stage involves regeneration of the stripped cation resin 
primarily in the ammonium form, with onccused sulfuric acid obtained from the 
last half to third of the fresh, sulfuric acid regeneration effluent. plus the first half of 
the slow, raw water rinse after fresh acid regeneration. The once-used acid cation 
column emuent may be combined with waste lime from the carbonation vacuum 
filters, or neutralized with anhydrous ammonia gas to produce an ammonium 
sulfate by-product fertilizer stream (sa. IO). Alternatively this fertilizer stream may 
be concentrated, spray dried and granulated to produce a homogeneous product with 
a fertilizer analysis of 17% nitrogen, 0% phosphorus pentoxide, 5% potassium ox- 
ide, and 23% elemental sulfur (1 1). If a complete homogcneous granular fertilizer is 
desired, phosphoric acid in conjunction with sparged anhydrous ammonia to pro- 
duce mono or di ammonium phosphate may be added tu the reactor prior to spray 
drying. 

Utilization of eliminated nonsucroses (RNS) and waste regenerant streams to 
produce a high-pmt& feed supplement and a fmilizer by-product msolvc a basic 
waste disposal problem and significantly enhance the economic return of deioniza~ 
tion. The production of a fertilizer containing nitrogen and sulfur also gives the pro- 
cp9sor an economic hedge against increases in anhydrous ammonia and sulfuric acid 
regenerant cost due to the direct value relationship between sulfuric acid, anhydrous 
ammonia and ammonium sulfate fertilizer. 

Fresh sulfuric acid. ranging in concentration from 6 to IO%, is introduced 
through the cation-resin hcd at a flow rate ranging from 0.25-0.50 gallcu ftlmin. 
The fresh acid effluent from the regenerant column is reclaimed for reuse as 
previously indicated. Fresh acid regeneration is followed by a slow and fast r a w  
water rinse to a given acidity. The cation column is now in a partially regenerated 
condition suitable for h e  juice service cycle. 

It is not economical to regenerate a strong-cation resin column completely. By 
judicious use of a tw-stage regeneration. 70 to 75% of the total column resin 
volume may be completely regenerated with the use of acid, equivalent to 100% of 
the total theoretical resin requirements. Figure 10-13 graphically relates Ibs of 66" 
B t  sulfuric acid regenerant used, per cu ft of cation resin, with the solid line (tons of 
nonsugar throughput to the strong-cation conductivity break). and the broken line 
(tons of nonsucrose eliminated by the cation and anion columns) (7). As an example, 
at a strong-cation regeneration level of 8.0 Ibs 66 "Be sulfuric acid per cu ft of resin, 
corresponding to complete regeneration of 80% of the total cation-column resin 
volume, the cation-column emuent would indicate conductivity breakthrough, after 
two tons ofnonsucroscs has passed into the cation resin bed. The actual cation plus 
anion column elimination is 70% ofthe two tons ofnonsucroscs to which tbc cation 
column resin was exposed. In the stated example. only 1.4 tons of nonsucmses were 
eliminated by the ion-exchange plant per cation service cycle. This elimination is 
q u i d a t  to a resin, nonsucrose-capacity loading of 8.9 lbslcu ft of resin. The fact 
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that 70% ofthe total nonsucroses entering the ion-exchange plant is eliminated is in- 
dicated by the difference between the nonsucrme throughput to the conductivity 
break. and the actual nonsucrose elimination. The difference, in Figure 10-13, is in- 
dicated by B. 

T O N S  O F  N O N D U B A R S T O  C O N D U C T l V i T "  B R E A K  
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The 8.9 Ibs 66 "Be sulfuric acid per cu ft regeneration level corresponds to an 
elimination of 1.0 ton ofnonsucrose impurities, per 0.90 ton of.66' B6 sulfuric acid 
used in regeneration. Intersection of the capacity curves at point A with the 
regeneration level ordinate indicat-s the minimum amount of total cation 
regenerated volume at which instantaneous condcctivity breakthrough occurs. In 
this cxample, the regenerated volume at which instantaneous breakthrough 
occumd was 64 cu ft of resin. These plant data wem obtained from a strongcation 
column, containing 315 cu ft of Duolite C-25-D resin rated at a regenerated capaci. 
ty of 1.7 meq.lml. The column feed juice was a 30" Brix, 81.825% purity mixture of 
intermediate green syrup and thin juice, feeding the column at 0.20 gallcu fdmin. 

The economic fallacy of complete cation resin regeneration of a strong cation 
resin is evident from Figure 10-13. Fresh sulfuric acid usage, far exceeding 
economical acid utilization. is necessary to obtain total resin regeneration. At the 
other extreme, lower acid regeneration rates severely limit cation-column capacity as 
well as return on eauimnent cadtal-investment costs. The best practical corm . .  
promise seems to be regenerant usage of between 6.0 and 7.0 Ibs of fresh 6 6 ' s  
sulfuric acid per cu ft of resin, plus once-used acid from the previous regeneration. 
At these regeneration levels, the ratio of fresh acid used to nonsugars eliminated 
ranges from 0.75 to 0.90 tons of acid per tan of nonsugars removed. 

Strong cation stripping and regeneration may be accomplished either by 
upflow or downflow. Upflow is advantageous with respect to cationic leakage dur- 
ing the service cycle and sharp conductivity breakthrough. Upflow stripping and 
regeneration does, however. require careful strippingsolution and regenerant-flow 
control to prevent resin-bed levitation. and subsequent lass of stripping and 
regeneration efficiency. The regenerant solution must always flow through the resin 
and not around it. When the cation regeneration and the slow and fast raw-water 
rinses are complete, the column is ready for the juice-service cycle. The time involv- 
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ed in desweetening. backwash, stripping, regeneration, and rinses must not exceed 
twice the juice-service cycle time, beginning with sweetening and terminating with 
desweetening, when three cation or anion columns are used. If four cation or anion 
columns are used, the column turn-around time can be extended to three times the 
juice-service time. This simple turn-around time rule assumes that only one cation 
and one anion column are in the juice-service cycle at one time. 

Shutdown Procedures 
Intercampaign, ion-exchange plant shutdown procedures consist of complete 

rinsing of all cation and anion columns until the emuent is negative for sugar by 
=-naphthol test. The rinse is followed by complete regeneration of the cation col- 
umn with 300-400% of the theoretical acid requirements, and 150% of weak-anion 
theoretical base requirements. It is important to remove all traces of amino acids 
and organic acids from the cation and anion resins. If not removed, these organics 
within the resin matrix can supply the necessary nutrients for growth of 
microorganisms. After complete resin regeneration, the cation columns are com- 
pletely exhausted to the sodium form with 3 to 5% sodium chloride brine solution, 
containing 0.5% of formaldehyde. The hydrochloric acid emuent from the cation 
resin is diverted to the weak.anion resin in the regeneraled-hydroxyl form. Sodium 
chloride brine feed to the cation resins is continued until complete brine 
breakthrough is accomplished, as indicated by the reading of a Brix spindle in the 
column emuent. The brine is allowed to flow through the anion columns until com- 
plete brine breakthrough is noted in the anion-column effluent. The final cation and 
anion effluent should have a noticeable formaldehyde odor. The anion and cation 
resin is stored during intercampaign in the exhausted sodium and chloride forms, 
respectively. Both anion and cation resins are stored in a 3 to 5% brine solution 
which contains 0.5% of formaldehyde (8). 

Operating Problems a n d  Solutions* 
[!= this sc;:ion, a fcw mbjccts trcatcd in car!lcr xclicns 

may he reiterated for completeness.] 

Flow Control 
For the uniform and effective operation of an ionexchange system, flow-rate 

control is a key problem. At the same time, the uniformity of Brix and the purity of 
the feed stream a k t  the flow control through viscosity and the nonsucrose load. 

In instances where either dilution or stream mixing are applied to the feed 
stream, suitable mixing-equipment and density-control instrumentation must be 
employed, and several satisfactory types are available. Where stream mixing is used, 
such as a green syrup and a thin juice, only Brix control is necessary, provided the 
individual component streams are relatively constant. A constant flow of the heavier 
S Y N ~ S ,  diluted to controlled Brix with the thinner stream, has proven satisfactory. 

Since the pressure drop across each piece of equipment in the series is an im- 
portant factor in flow control, this must be considered in equipment design. Fur- 
thermore. during operation, the pressure drop should be continuouslv monitored. A 
sudden change in pressure drop is a warning of trouble. 

A well-designed heat exchanger will require a minimal pressure drop at the 
rated flow. An unusual pressure drop in this equipment generally means some kind 

'by L.W. Norman 
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of blockage. This can, of course, he caused by foreign objects, and with dilute sugar 
juices it can also mean serious bacterial growth of the leuconostoc t p ,  usually on 
the cold side of the heat exchanger. To avoid this, regularly scheduled dosages of 
the juice stream with bactericide are desirable. It is also desirable to provide means 
of steam cleaning and sterilization of heat-exchanger equipment. Where refrigera- 
tion is used to cool juices to the vicinity of 10 “C, viscosity may become a major fac- 
tor in heat-transfer rates. This further amplifies the necessity of accurate Brix con- 
trol, and may impose a maximum-Brix limit for an individual piece of equipment. 
Use of a secondary heat-transfer medium, such as a water-ethylene glycol system, 
allows greater flexibility. 

Because an ion-exchange bed provides numerous but relatively small passages 
for juice travel, the pressure drop and flaw control through the bed are critical. 
Precise Brix and temperature control must be maintained. A proper backwash cycle 
is also important. If accumulated resin fines are not properly eliminated each cycle, 
the pressure drop across the resin bed will slowly build up to intolerable propor- 
tions, On the other hand, i t  is costly to wash out whole resin beads or particles in the 
backwash step. 

In the case of air-dame operation, level control becomes an  integral part of the 
flaw-cantrol prohlem through the bed. As pressure drop becomes greater, the level 
will tend to rise. This must be compensated by greater air pressure in the dome, so 
that the level is maintained. This may be automatically achieved by means of level- 
sensing devices connected with an air-supply and vent system. For instance, two 
such devices positioned in the cell at the allowable high and low level paints can 
hold the level by admitting air when the high point is reached, and by venting air 
when the law point is reached. 

The sweetening curve is much steeper than the desweetening curve (see Figure 
IO-IO). Thus, when an exhausted cation bed is taken off stream and a regenerated 
one put on stream, juice sufficiently concentrated to put through the anion column 
is available from the fresh bed before the juice from the exhausted bed is low 
enough in sugar content to divert to waste. During this short interval of time, the ef- 
fluent from two cation resin beds must be put through the anion resin at double the 
normal flow rate. While this does cause pressure-drop and flow-control problems, 
careful coordination will minimize the trouble. 

Systems which employ twa anion or cation columns in series, and random 
cycles; i.e., cation-anion resins not balanced as to capacity, can encounter even 
greater short-term flow increases if both the cation and anion column are taken off 
stream simultaneously. This can readily be salved, however, by judicious 
foreshortening of one of the cycles without serious loss in column-capacity utiliza- 
tion, 

Physical Loses 
In ion exchange losses are potential in two forms, physical lasses due to leaks 

and to sweetening and desweetening, and chemical losses due to inversion. The 
complex valving system in ion exchange processes requires use of the best quality 
valves to minimize leakage losses. The Saunders type has proven satisfactory for the 
service. Other physical losses. such as leakage at flanges, must be minimized by ade- 
quate installation and maintenance procedures. Sweetening and desweetening lasses 
must be controlled by careful attention to the paint of diversion to waste. The 
choice of this point is dictated by evaporator capacity and by economic considera- 
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tions of the value of the sugar sent to waste versus the cost of recovery. Cutoff at 
1 "Brix is generally considered a reasonable compromise. 

Inversion Lasses 
Heterogeneous and homogeneous inversion losses have been described @p. 

310-312)(32). Tcmperature and time are important in both cases, and pH, of 
course, in the latter. While the choice of cation resin strongly affects the inversion 
rate, in any  given system inversion is minimized by the use of the lowest practical 
temperature and the highest practical flow rate, or shortest contact time. In systems 
employing strong acid cation resins the temperature is normally kept in the 10-12 "C 
range. 

As there is little or no control ofjuice pH, flow rate and temperature are again 
the imponant control factors. If temperatures are kept low, the homogeneous inver- 
sion will be quite low relative to the heterogeneous, and the total can he kept to 
tukrable proportions in the neighborhood of 0.3% on sugar in the feed stream. 

If the juice-treating system includes a recycle, such as the return of treated, 
diluted machine syrup to evaporator thin juice, invert and other nonionized non- 
sucrose substances increase in concentration in the part of the sugar end within the 
recycle. In this case, the increase is noticed in the white and intermediate 
massecuites. The effects are increased color, poor boiling characteristics, and 
decreased crystallization yields. The system may he purged of these objectionable 
materials by changing the ion-exchange feed to thin juice without recycle, or to 
diluted thick juice with limited recycle. The impurities are then eliminated with the 
molasses. 

Nonsugar Leakage 
In order to make ion-exchange treatment of sugar solutions an economically 

feasible operation, an optimum balance must be attained between the efiiciency of 
elimination of nonsugars, resin-capacity usage, and regenerant levels. This generally 
means that pome non~iicrnse leakage is allowed because it is too costly to remove all 
potentially removable nonsucroscs, and in particular those which are most weakly 
retained by the resin. Flow rate also affects this leakage. and a compromise must he 
reached for optimum economy. Under given equipment limitations the point at 
which the resin is considered exhausted, or the service cycle end point, is important. 
Ordinarily leakage will start at a low level and slowly increase. With Some resin 
systems, generally the strong ones. a fairly sharp breakthrough of nonsucroses may 
occur, hut with others the breakthrough may he diffuse. The breakthrough, and 
thus the cycle termination for a strong acid cation resin, may he easily detected by 
the rapid increase in ionic strength of the emuent, as indicated by conductivity. 
Likewise, the end of the anion resin cycle, which follows a strong cation resin, may 
he detected by a rather sharp p H  change. However, with some systems, lhe cycle ter. 
mination may necessarily be put on an arbitrary basis of pH, conductivity, or other 
measure. 

Backwashing Problems 
Backwash not only eliminates the resin fines to prevent excessive pressure 

drop, hut also rcclassifiea and redistributes the resin k d  to help prevent channeling, 
and resultant poor capacity usage, This step must he carried out properly after each 
cycle or trouble will eventually occur. Water flow rate and temperature are impor- 
tant factors. Each resin type and resin particle size are also determinants, as is resin 
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depth and column geometry. The proper backwash procedure must be determined 
for each individual system. Precaution, particularly with a lower-density anion 
resin, must be taken 10 prevent levitation ofthe entire bed with resultant resin loss. 
Where this occurs, the situation can generally be helped by starting backwash at a 
low rate and increasing to the desired rate. Sometimes a jolt of backwash followed 
by a short settling period is helpful, as has been loosening of the bed by means of 
a,r. 

Waste Disposal 
The spent regenerant streams may be a disposal problem, since they are 

unusable either in the sugar factory or the ion-exchange process. When mixed, the 
combind smam consists of all the cationic and anionic nonsucmses eliminated fmm 
the juice stream. plus a n y  excess acid or base and possibly a trace of sugar. The salt 
load is high, the BOD is high, and generally the stream is decidedly acidic. One 
possible scheme for turning the waste streams into valuable by-products provides 
for first utilizing ammonia as the anion regenerant. The spent regenerant from the 
operation, containing ammonium cations and nonsucrose anions removed from the 
juice, is further used to strip the exhausted cation bed, This leaves the cation in the 
ammonium farm with a spent emucnt containing both the cations and the anions 
m o v e d  h m  the juice. These reconstituted nonsumss  may cconomidy be dried 
on pulp (IO). Whm the cation m i n  is then regenerated with suUaic acid, the spmt 
regmerant will consist of ammonium sulfate plus some excess acid. This regenerant 
waste contains hoth nitrogen and sulfur--both of potential value as fertilizers. (IO).  

Color bodies are eliminated by hoth cation and anion resins, the cation resins 
being more effective in this respect, with color-removal efficiency dependent upon 
the particular resin type. Although this is an important beneficial result of ion ex- 
change, it is not without drawback. 

Color Problems 
Color bodies are held on the anion resin far more strongly than their weak 

ionic nature warrants, presumably by adsorptive farces. Thus. complete removal by 
the regeneration cannot be effected and irreversible fouling may result with cor- 
responding capacity loss. Use of supplementary treatment with salt is particularly 
effective in removing color from the resin and maintaining capacity, hut fouling re- 
mains a serious problem in effective resin life (8). The use of carbon adsorbents to 
protect the resins has been reported. 

In early iomexchange installations in North America, the common practice 
was to m a t  all the juice 10 the sugar end ( 1  2). This, of course. eliminated nearly all 
ionic species from the juice and rendered it highly unbuffered and subject to pH in- 
stability. Present practice tends toward treatment of intermediate sugar-end syrups, 
as well as bypass of a portion of the nonsucrose load to maintain adequate buffer 
capacity for stable pH conditions. 

The pH of unbuffered juices tends to decrease to alarmingly low levels 
through evaporation and pan boiling, causing inversion. The Maillard, or browning 
reaction. in which the reactants are invert sugar and amino acids, produces a very 
viscous, dark-red colored after-product which very seriously inhibits crystallization. 
The Maillard problem may he alleviated by bypassing 15.20% of the juice around 
the ion-exchange unit. The buffers in this untreated fraction are suficient to 
stabilize the pH of the entire juice flow. 
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Economics 
Certainly the addition of an ion exchange demineralization or purification 

system to either an existing or new beer sugar plant must be economically 
justifiable. However, because economic considerations are variable both with 
geographic location and with time, no specific values can be stated which will have 
general application. 

Rough approximation of overall economics can be made by comparison ofthe 
difference between the income and cost factors. Income may be estimated by 
multiplying the amount of expected additional sugar to be recovered by the unit dif- 
ference in its value as sugar and as molasses. All applicable cost factors must also be 
estimated and compared with income to determine whether a favorable relationship 
exists. 

Such estimations and comparisons may be as rigorous or as rough aa the need- 
ed accuracy of the data require. In addition to capital and operating considerations 
any applicable cost and/or income associated with pollution control and by-product 
recovery should be included. 

Mixel lanmus 1on.Exchange Systems 
Because demineralization via series-bed operation typifies most of the impor- 

tant concepts in ion exchange, represents one of the systems that can achieve the 
greatest increase in sugar recovery, and is the only demineralization system in com- 
mercial use at the present time in the North American beet-sugar industry, it has 
received the most attention. Continuous demineralization systems have the appeal 
of steady-state operation with a potentially lesser regenerant usage. lesser dilution 
and lesser resin inventory. though control pmhlems ax greatly increaxd. Among 
such systems are the Higgins loop (12). the Degremont-Cottrell system (42), and the 
CCIX system (4). 

Mixed bed processes which combine cation and anion resins mixed together in 
one column for deionization offer advantages in several mrperls (20). The mixed 
resins allow less leakage of weak ions prior to breakthrough. Since the acidity due 
to cation exchange is immediately taken up by the adjacent anion resin, inversion is 
less and somewhat higher temperatures may be employeed, though most anion 
resins in the hydroxyl form have poor stability at high temperatures. A serious defi- 
ciency is the rquiremcnt for resin separation before regeneration. 

Reverse deionization, which calls for passage of influent first through a strong 
anion resin and then through the cation-resin bed, is claimed to cause less inversion, 
since the cation resin contacts alkaline material which it neutralizes. However, the 
anion resins are not generally eflicient salt splitters, so leakage may yield an acid ca- 
tion effluent anyway. and efficiency, both of ionic elimination and of regeneration, 
is impaired. 

The Vajna process is a demineralization system in which the juice cations are 
converted to ammonium ions and the anions to hydroxyl ions. The ammonia is then 
driven off by evaporation. leaving the juice demineralized (54). The Moebes process 
employs conversion of juice cations to the ammonium form and anions to the car- 
bonate form (38). This is followed by liming and carbonation to precipitate the car- 
bonate and drive off the ammonia, leaving the juice demineralized. The system 
employs mixed cation and anion resins in a single bed with regeneration of both, 
simultaneously, by means of ammonium carbonate solution. 

Processes are also in commercial use, both in the United Slates and in Europe, 
which employ cation exchange only. 
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Deliming or Softening by Ion Exchange 
Calcium compounds which are not removed in second carbonation, the so- 

called lime salts. create processing problems such as: scaling of heating surfaces. 
sediment or turbidity in final sugar, poor juice~boiling characteristics. and added 
molasses if soda ash has been employed. (see pp. 253-258). While elimination ofthc 
invert and the carboxylic acids which cause lime salts is the best solution, this is not 
always possible. Hence, juice softening by ion exchange can become an attractive 
alternative. 

As ion-excbange processes go, softening is one of the simplest. A single-bed 
system is used, in which a strongly acidic cation resin, one of the most stable, is used 
to exchange the unwanted calcium ions for sodium ions (45). This is not without 
disadvantages, however, since the sodium ions introduced are considered more 
melassigenic than the calcium ions replaced. Relatively cheap salt brine is used for 
regeneration. 

Normally, fixed-bed column operation has been employed in the United States 
(44,2 I ,40). Since the cycle length in juice softening is relatively long, two columns 
may be simultaneously on stream in parallel, with a third column under regenera- 
tion (I8,Zl). Cycles must be staggered to provide continuous operation, If columns 
are of sufficient size so that the entire throughput can be handled by a single unit, a 
two-column system may be used. 

In fixed-bed softening, the on-stream or service portion ofthe cycle is followed 
by conventional off.stream desweetening, backwash. regeneration, and rinsing. For 
regeneration, about 12-15 Ibs of salt at about IO% brine concentration may suffice 
(44,21). Optionally. a portion of the once-used regenerant may be recovered and 
reused, although care must be exercised in the practice to assure both satisfactory 
concentration of monovalent ions, and sufficient freedom from contaminating 
divalent ions. Sweetening, desweetening, backwash, and rinse steps are carried out 
in essentially the same manner as in demineralization. For detailed discussion of 
fued.bed operation (see pp. 310-320). 

Filtration of the carbonated juice, and also of the regenerant brine solution 
must be clean, if problems with foreign particulate matter trapped in the beds of 
resin are to be avoided. Although finely divided, the calcium carbonate precipitate 
from second carbonation is difficult to remove by backwashing. If hot condensate is 
ued for backwashing, this problem is made worse by virtue of density difference, 
and higher flow rates are required than would be necessary with ambient. 
temperature water. While either upflow or downflow regeneration may be accep. 
table, the general practice has been to use upflow. This method may result in less 
calcium leakage, since the more thoroughly regenerated portion of the resin bed is 
at the bottom of the column to act as a scavenger. On the other hand, flow rates 
with upflow regeneration must be well controlled to prevent bed levitation, and 
reduced regeneration efficiency. 

Leakage ofcalcium in softening systems occurs at law levels rather early in the 
cycle, continuing thereafter at a nearly constant rate until the rather diffuse 
breakthrough occurs. It bas been found that complete decalcification of the juice is 
undesirable (2 I .40,44). Both foaming and corrosion have been attributed to overly 
softening juices. Control may be obtained by deliberate bypass of a portion of the 
untreated juice, so that the recombined stream is maintained at 0.02-0.03% lime 
salts. Optimum conditions should be sought for each individual case. 
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Ion exchange softening has been shown to effectively reduce lime salts in car- 
honatcd beet juices, and to reduce evaporator boilouts due to calcium scale 
deposits (21,40). However, the cost of this process has not been covered by the 
savings of boilout labor and material alone. The principal advantage of the process 
has seemed to lie in the additional evaporator capacity allowed by cleaner tubes and 
the resulting additional slice capacity, although there may be other advantages in 
specific instances. 

Of considerable interest is a recent idea for regeneration which uses the soften- 
ed juice itself as the regenerant (18 ) .  Upon concentration to thick juice, the combin- 
ed monovalent ion concentration becomes suficient to prnvide effective conversion 
of the resin bed from the divalent to the monovalent form. The process, in essence, 
merely bypasses the divalent cations around the evaporators, where they cause scal- 
ing problems, returning them to the juice thereafter to utilize their lesser 
melassigenic effect, as in the Quentin system. 

Continuous systems for deliming beet juices have been reported in Europe 
(55) hut none are presently being operated in North America. In general, it has been 
shown on both continents that juice softening is a technically feasible process. Its 
utilization depends on the severity of the lime-salts problem. and the economics of 
the specific plant installation. Four factories in the United States are presently using 
ion exchange thin juice deliming. 

Quentin Process* 
The highly melassigenic effect of the salts of sodium and potassium was 

suspected as early as 1843 by Hochstetter (25). Many attempts have been made 
since that time to eliminate these salts from beet liquors by ion exchange, in which 
sodium and potassium were replaced by magnesium or calcium ions. The  earliest 
recommendations involved the application of soils to the juices.1 Later, natural or 
synthetic zeolites were used (19,22). However, the practical commercial use of ca- 
tion exchange awaited the development of eficiently operating synthetic cation- 

Successful ion exchange results in a significant reduction of sucrose solubility 

Quentin (47) placed the influences of the varinus catinns on sucrose solubility 

siz:,angc rcainra. 

in the syrups, and thus increased sugar extraction. 

in the following order: 

Mg++ < Cat+ < Li* < Na* < K+ (ion) 

0.61 0.66 0.73 0.94 1.00 (relat ive suc rose  
concentration in molasses: 
potassium molasses = 1.0) 

Figure 10-14 shows typical solubility curves for sucrose in beet molasses, a) before 
ion-exchange treatment. and b) after 30% of the total sodium and potassium ions 
have heen replaced with m;?pnesium. Thus, sucrose extraction can be increased by 
about 0.596 on beets. 

'by Karlheinz W.R. Schocnrock 

'See ref. (24,50,53.56) 
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NONSUGAR: WATER RATIO 

Extensive application ofthe Quentin process has been made in Europe, and in 
four factories in the United States, in which part of the sodium and potassium ions 
are exchanged for magnesium ions. T o  he profitable, a source of inexpensive 
magnesium~salt regenerant must he available, frequently as a by-product of an in- 
organic chemical industry. Such sources exist in Central Germany, and in the vicini- 
ty of the Great Salt Lake. Mapesium chloride brine from Utah, for example, is the 
final residue solution from the salt evaporation of deep~well brines, or Great Salt 
Lake surface water. 

Mechanism of Exchange. 
In the Quentin process, a strongly-acidic resin with sulfonic acid groups, load- 

ed with magenesium counter ions (ions with apposite electrical charge to the overall 
resin matrix charge, attached to the matrix), is used to treat intermediate p e n  
syrup of 68.70% solids, at 83-90'C. 

R-(SOs=)z-Mgtt +An= -K+(or Na-)= R-(SO5=)z-Kf 
(or Na') + An=-Mg+' 

where R is the resin matrix and An= the syrup anions. Due to the high concentra- 
tions of Na' and K' in the SYNP. they displace Mg= in the exchanger matrix, even 
though the exchanger has a stranger attraction for divalent cations. 

Since complete removal of sodium and potassium cations is not attempted, a 
relatively large leakage of these ions through the exchanger beds is tolerated, and 
more than 80% of the potential exchanger capacity is used. With flow rates through 
the beds of not more than two bed-volumes per hour, a cumulative 30.50% of the 
alkali ions in the syrups is normally replaced with magnesium. Exchange efficiency 
and operating capacity increase with a decrease in dissolved solids concentration 
from 70 to 60% and a reduction of the flowrate from 2 to 1.5 bed volumesihr (30a). 

The syrup pH must be kept below 9.0 to prevent resin fouling with 
precipitated Mg(OH)z. Inadvertent fouling requires extensive acid stripping to 
restore activity. 

Because of the high osmotic shock inherent in the process, gel-type resins can- 
not be used. Even highly cross-linked macroporous resins break down prematurely 
if the syrup density exceeds 70"Drix. Pressure drop through the resin bed, and 
desweetening economics also become unfavorable over that density. On the other 
hand, dilution helow 68% solids leads to increased fuel costs to evaporate the water. 
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Regeneration with magnesium chloride brine proceeds as follows: 

R-(S03=)z-K+(or Na') + M g f t  - C I = Z = R - ( S O ~ = ) Z M ~ + ~  
+ K f - C I - +  Na' + Cl-' 

Figure 1015. Exchan$e pmfila for a 
rtmng cation re in  m the K+fNs+  

2 301 / ,  , , , , , , , , , , 

IO x) 50 70 90 110 130 
% REGENERANT ON OPER4TlNG 

C W A C I T I  

Because of the resin preference for multivalent cations, less than 130% of the 
theoretical regenerant is required. Figure 10-15 details the course of regeneration. 

The diluted magnesium chloride brine used for the regeneration of the ex- 
changer to the magnesium form should have a pH of less than 6 .  A pH above 7 in- 
dicates contamination with Mg(0H)x which can lead to proFessive fouling of the 
exchanger. Acidification of the brine with HCI is indicated under these conditions. 

Oldfield et al. found Kiserit (MgSOuHTO) with less than I% monovalent ca- 
tions to be a suitable regenerant for conversion to the magnesium form (43a). The 
effect of background limesalts in the greens to be treated on the fouling of the ex- 
changer with precipitated Cas04 was not reported. 

Fractionated desweeteniy i s  11wa1 in the l&xtip pmres:. Swcetwater of 
about 25 ' Brix is used to displace the syrup after resin exhaustion. Sweetwater of 
5-10' Brix is used to dilute intermediate green syrup to 70' Brix prior to resin treat- 
ment, and to displace the more concentrated sweetwater during desweetening. This 
technique also lessens osmotic shock. With proper operation dilution can be limited 
to less than 3% of the syrup treaf:d. 

Countercurrent operation for a @entin process was achieved with a dual col- 
umn design (52a) at the Nampa factory of The Amalgamated Sugar Company. The 
countercurrent flow pattern has inherent advantages relative to increased exchanger 
utilization and reduced regenerant usage. Additional benefits accrue from reduced 
product dilution, increased service cycle length, and reduced process water demand. 
The major drawback of such systems is their sensitivity towards suspended solids, 
and resin f i e s  which can generate an intolerable pressure drop. Their effect on the 
pressure drop is greatly increased because of the increased cross-sectional flow 
velocity for such systems. 

Kammerer (29a) applied a column of bi-level construction to increase 
operating capacity, reduce regenerant consumption, condensate requirements, waste 
water production, and nan-productive cycle length. 

Integration with Sugar End Flows 

exhaustion to below 55% purity. 
Intermediate green syrup purities must be held below 75% to allow molasses 
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Quentin massecuite with purity as low as 75% centrifuges well. depending 
somewhat on the exchange rate. Since sugar is shifted in the direction of the white 
boiling, raw massecuite volumes arc decreased with magnesium exchange, thus per- 
mitting more equipment capacity and time for raw pan boiling, crystallization, and 
centrifuging. 

It is sometimes necessary to alter boiling practices when the magna is rich in 
magnesium, because of the altered sucrose-solubility relations. The lower density 
syrup eliminates the normal need for water addition during raw boiling, thus largely 
offsetting the dilution associated with magnesium exchange. 

Magnesium molasses presents no difficulties in Steffen processing, actually 
permitting an increase in Steffen house capacity of 15.20% over nonmagnesium 
molasses. Somewhat slower first-carbonation sludge settling and filtration rates may 
be noticed, however, due to the increased nonsucrosc recycle load. 

The technolo9 and economics of magnesium exchange are thoroughly 
treated in the literature.' 

The economic balance between the extraction gain, and the countering invest- 
ment and operating costs depend1 on many variables, such as the cation concentra- 
tion in the syrup to be treated, the ion exchange rate, the brine cost. and process op- 
timization. 

A flaw diagram for magnesium exchange of intermediate green syrup is shown 
in Figure 10-16. Table 10.3 lists performance criteria: 

fig"= 1016. Flow diagram for magnnium exchange of intermediate green syrup. by Ihc Quentin 
prmrn. 

Tsblc 103. Economic Target Guidelines for Magnmium Exchange 

F.qairalesi Na+ + K+ per 100 g nomugars 
Exchange Rate 30.55% 
Extraction Gain 0.5-0.6% on b e t s  
Brine Canmmplion (50% MgCIx) 0.5-0.8% on beeu 
Dilution 0.2-0.6% on beets 
sugar LOSS 0.01-0.05% on beets 
Waste wa1er 6.10% on beets 

0.37-0.55 

Rearick, et al. (484  have shown a positive effect of magnesium salts in 
Quentin molasses on the refractometer dry substance. The true dry substance as 
determined by the Karl Fiscber method can be derived from the refractometer dry 
substance accordingly. 

lSee ref. (26,28.41,46,48,52) 
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True ds (KF)' = 0.093 rds + 0.581. A correlation coeflicient af0.928 was 
found in this study. The effect of magnesium ions on the refractometer dry 
substance of molasses must be considered when comparing molasses purities based 
on rds. 

Environmental pollution is not a serious factor with the Quentin process, since 
the salts to be discarded are inorganic. 

Related Purification Systems* 
Systems related to ion exchange, but not actually involving an exchange, have 

also been investigated for potential use in sugar processing. One such process is ion 
exclusion (43). In this process a bed of cation resin, exhausted in the nonsugars of 
the stream being treated, is contacted alternatively with the juice and with water. 
During juice contact the non&nic sugar molecules penetrate the pores or interstices 
of the resin particles, while the ionic species are rejected or excluded and a separa- 
tion of thc  two is accomplished. When water is then passed through the system, the 
ionic sugars are immediately displaced from the voids between the resin particles, 
and the sugar is then recovered in a diluted, but purified form as it diffuses back out 
of the resin particles. 

Ion relordotion employs a special resin containing both cationic and anionic 
exchange sites (16). As in ion exclusion, the resin is alternately contacted by sugar 
solution and water. However. in the case of ion retardation the ionic nonsucroses are 
held, though weakly. the sugar being recovered ahead of the nonsumoses in a 
chromatography-like fraction. The water acts, in essence, as the regenerant. 

Another system involves the use of semipermeable ionic membranes and an 
electric current to selectively remove the ionic species in solution through the ap- 
propriate membrane, leaving the purified sugar solution behind. In this inslance, of 
course, electric power can he compared with the chemical regenerant of ion ex- 
change. 
'Karl Fischer determinations 
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C. Activated Carbon' 
It has been known for several hundred years that wood char or charcoal has 

the ability to remove tastes, odors, and colors from a variety of liquids. However, 
activated carbon in the modern sense of the term was not invented until about 1900 
when a Russian scientist, Raphael Ostrejka, obtained patents (14) for the activation 
of chars of vegetable origin. Ostrejko found that the adsorptive properties of a char 
could be enhanced tremendously by heat treatment in the presence of steam or carbon 
dioxide. Alternately, the activation could be accomplished by the carbonization of 
vegetable matter impregnated with various salts. Modifications of these processes are 
still used today far the production of activated carbons from such diverse raw 
materials as coal, lignite, peat, pulp mill black ash, and by-product acid sludge coke. 

Although the structure of activated carbon has not been resolved with certain- 
ty, there is evidence (6) that the principal units in the structure are randomly dispers. 
cd, graphite-like crystallites of submicroscopic dimensions. Each crystallite is com- 
posed of a small number of layers made up of carbon atoms arranged in a pattern 
identical to that in a polynuclear aromatic compound. The distances between the 
layers are greater in activated carbons than in graphite. A structure of this type leads 
to a complex network of very fine pores, and consequently a very great internal sur- 
face area. It is concluded that as much as one-half of the total surface area of the 
carbon atoms in the structure is exposed and available for adsorption. The surface 
areas of sugar-treatment carbons range from 600 to 1200 sq mlg. This means that 
one pound of carbon can provide more than 100 acres of internal surface. It is the 
magnitude of the surface area available to the adsorbate, the adsorbed substance, 
t h a ~  is primarily responsible for the adsorption ability of the activated carbon. Un- 
balanced electrostatic forces on the internal surface became satisfied when other 
molecules in the vicinity become attached to the surface or adsorbed. The forces in- 
volved are the van der Waals' forces and the phenomenon is termed physical or van 
der Waals adsorption. The activated carbon surface is nonpolar in nature, that is, it 
is neither positively nor negatively charged. Nonpolar adsorbents in general attract 
nonpolar adsorbates and have little or no affinity for either positively or negatively 
charged ions. Far this reason, activated carbon preferentially adsorbs organic 
molecules and does not adsorb inorganic ions. The larger the organic molecule the 
more strongly it is held on the surface. Thus the larger molecules present as im- 
purities in sucrose solutions will be preferentially removed by carbon treatment and 
in fact will displace adsorbed sucrose from the surface. 

Effects of Activated Carbon Treatment 
In the treatment of cane and corn sugar liquors activated carbon is used 

primarily for the adsorption of color. In beet sugar processing, however. equal im- 
portance is attached to the removal of other impurities such as colloids, floc precur- 
sors, and compounds leading to foam formation as well as color. Furthermore, ac- 
tivated carbon treatment can achieve significant increases in sugar purity if a SUI?,- 
cient quantity is used. 

Ivan der Waals forces am defined as h e  attnctivc forces excrtcd by adjacent 
molecules due to the interaction of electrostatic charges. 

'by R.S. Joyce 
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Calor in beet sugar may be due either to substances extracted from the beet 
along with the sugar or to degradation products formed during processing. Both 
types of color are removed by carbon. The adsorption of caramel on the sugar 
crystal and its interferencc in crystallization has been investigated (4.23). 
Caramelization products in thick juice can be effectively removed by activated car- 
bon treatment (IO). Colloids, because of their high molecular weight, molecular 
complexity, and minimum solubility are readily adsorbed by carbon. Harris (5) has 
observed that the percentage of colloids adsorbed from beet sugar juices ofhigh and 
low purity is much greater than the percentage of color removed. Several i n  
vestigators have claimed that the presence of colloidal material depresses the surface 
tension and increases the viscosity of beet sugar liquors, leading to impaired rates of 
filtration, evaporation, and crystallization (12, 17) .  Improved rates of evaporation 
and crystallization have reportedly been effected by carbon treatment (9,l l) .  

Activated carbon is also effective for the removal of compounds which upon 
acidification produce a flocculant precipitate. These compounds are generally t e m -  
ed floc and consist in part of oleanolic acid and its glycosides beet saponin) (3) see 
pp. 53-55). Removals of up to 80% saponin by the granular carbon treatment of 70 ' 
Brix pan feed liquor have been achieved (16). The ability of carbon-treated thick 
juice to produce essentially floc-free sugar has been demonstrated (2.18). Similarly, 
marked improvements in the foaming characteristics of carbon-treated liquors have 
been reported (2.22). 

A study of the compounds extracted from used beet sugar carbons was made 
by Walker and his co-workers (21). In addition to sucrose, reducing sugars, 
predominantly glucose, and trisaccharides such as kestose and raffinose were ex- 
tracted from the carbon. Organic acids, natural proteinaceous material, some 
saponin, and an unidentified carbohydrate polymer were noted among the non- 
sugars in the eluates. 

Types of Carbon and Points of Application 
There are two forms in which the activated carbon can be used in sugar treat- 

ment. namely, pulverized and granular. The primary difference is in the particle 
size, the former being a fine powder having an average particle diameter of 40p or 
less, while granular carbons for beet sugar treatment are in the 12 x 4 0  U S .  sieve 
series range and have a mean particle diameter of approximately I mm. The pro- 
cedures and equipment for the application of the two forms differ considerably. In 
the first case, the finely powdered carbon is slurried with the liquor to be treated 
and subsequently filtered out. In the second case, the liquor is percolated con- 
tinuously through a bed of carbon granules. 

At the time that the first edition of this book was written, essentially all of thc 
carbon used in the beet sugar industry was pulverized. The carbon was used at one 
or more points in the process where it could be conveniently added and suhsequent- 
ly filtered out by existing equipment. This situation has been reversed. however, 
first with the advent of high capacity, abrasion-resistant granular carbons. Secondly, 
within the last decade, unit processes have been developed for the effective use of 
these adsorbents. 

The greatest advantage of granular carbon is that it can be repeatedly 
regenerated and reused with only a small percentage of makeup to replace the 
handling losses. Thus the material cost of equivalent carbon treatment is far less 
than with powdered carbon which is usually discarded after only one use. A further 
advantage is that granular carbon can be used in a countercurrent treatment system 
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which makes more eficient use of its adsorptive capacity than the concurrent flow 
methods commonly used with powdered carbon. Furthermore the use o f a  granular 
carbon bed provides reserve adsorptive capacity to cope with unanticipated in- 
creases in impurity levels of the juice, Finally, the use ofgranular carbon eliminates 
the waste disposal problem associated with the powdered material. 

Pulverized carbon has the advantage that it can be conveniently used in the ex- 
isting factory process with little or no equipment modifications. Methods are 
available for improving the capacity utilization. A semicountercurrent application 
can be used, wherein a batch of liquor is treated with once-used carbon and the 
filtrate is treated with fresh carbon. The latter is recovered by filtration and reused 
on a second batch of untreated liquor. The powdered carbon savings effected by 
countercurrent usage can be calculated from the results of relatively simple ex- 
periments [See the publications of Sanders (19) and Helbig (7)l. 

Alternately, one-half of the total powdered carbon requirements can be used at 
each of two points in the process: far example, standard liquor and second carbona- 
tion juice. In a modification of this approach all of the carbon can be used at one 
point, recovered by filtration, and reused at a second point where the impurity level 
is higher. The two-point approach takes advantage of the increased capacity with in- 
creasing residual impurity. For the most part, granular activated carbon has been 
used for the treatment of thick juice, and, more recently thin juice. Pulverized car- 
bon on the other hand has been used at a number of points in the process as outlin. 
ed below (1 3). 

Filtered Firat Carbonat ion Juice. The carbon is added to clear, first car- 
bonation juice, carried through the second carbonation tank, and filtered out on the 
second carbonation filters. 

Second Carbonation Juice. Carbon may be added to the overflow fmm sec- 
ond carbonation and removed at the second carbonation filters. 

T h i n  Juice. In this case the point of addition may be after the second car- 
bonation filters prior to the sulfitation step or to a p i n t  in the thin juice line after 
this step. In either case the carbon is removed in the thin juice filtration. 

Thick Juice. The carbon addition is made to the thick juice line leaving the 
last evaporator effect and removed in the thick juice filtration. 

Standard Liquor. Carbon is added generally in the high melter hut can be 
added to the low melter if raw sugar becomes a component of standard liquor. In 
either case the carbon is removed by double filtration at the standard liquor presses. 
Carbon treatment of standard liquor is not recommended where double filtration is 
not practiced. 

Laboratory Evaluation of Activated Carbons 
T h e  Adsorption Isotherm. Regardless of whether pulverized or granular 

carbon is under consideration, relatively simple laboratory tests can provide con- 
siderable preliminary information on carbon performance. Such tests are of value in 
determining the effect of carbon treatment on a particular liquor, in comparing the 
relative merits of different carbons. as quality-control tests to insure a uniform 
source of supply, and in evaluating the quality of reactivated carbon. 

The tests are normally based on the adsorption isotherm, which is a plot of the 
amount of impurities adsorbed against the amount of impurities remaining in solu- 
tion at constant temperature. Generally, straight line plots can be obtained by mak. 

I 
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ing use of the empirical Freundlich equation which relates the amount of impurity 
in the adsorbed phase to that in the solution phase by the expression 

where x = amount of impurity adsorbed; m = weight of carbon; xlm = canccntra- 
tion in the adsorbed state: i.e., the amount of impurity adsorbed per unit weight of 
carbon; and c = equilibrium concentration in solution after adsorption. k and Iln 
are constants. Taking logarithms of bath sides: 

Equation (2) represents a straight line whose slope is Iln and whose intercept is log k 
when c = 1. Therefore if xlm is plotted against c on lag-log paper, a straight line 
should be obtained. This is true far most sugar solutions where relatively low con- 
centrations of color and other contaminants are encountered. 

Data for platting isotherms are obtained by treating fixed volumes of liquor 
with a series of known weights of carbun. The carbon-liquid mixture is agitated for 
a f i ed  time at constant temperature. After the carbon is removed by filtration the 
residual color, or the concentration of another impurity, is determined. From these 
measurements all of the data required to plot an isotherm may be calculated. 

Detailed procedures for isotherm determinations have been published (1  ,l5), 
This discussion is limited to the considerations that affect the selection of the ex- 
perimental variahles. 

xlm = kclln (1) 

log xlm = log k + lln log c (2) 

Carbon Particle Size. Powdered carbons are tested as received. Granular car- 
bons should be pulverized so that 90 wt. % passes a 325 (U.S.S.) screen. This in- 
creases the rate of adsorption which is intraparticlc~diffusion controlled. The total 
capacity of the carbon is unaffected. 

Contact time. For powdered carbons the point of carbon addition and 
removal in the factory will in many cases fix the contact time. Where granular car- 
bons are being evaluated in an isotherm test. contact time should be sufficiently 
Ions to ensure a reasonable approach to equilibrium. This can best be determined 
by a pretiminary test in which identical weights of carbon are contacted with equal 
volumes of the test liquor for various times. Generally, contact times ranging from 
one to two hours suffice. 

Temperature. Similarly, in case of powdered carbons, the temperature will 
often be fixed by the process conditions. For granular carbons the temperature 
should be as high as possible without adversely affecting sugar quality. Evidence has 
been cited (3) that inversion of thick juice in contact with granular carbon occurs 
above 95°C. Temperatures in the 80-95°C range are usually employed. 
Microbiological inversion may occur helow this range. 

Carbon Dosage. This will depend on the particular liquor treated. As a 
general rule carbon weights ranging from 0.5 to 10% of juice solids will suffice. 
Subsequent adjustments in dosage can be made to obtain an adequate range of ex- 
perimental points. 

T h e  pH of the Teat Solution. Carbon may affect the pH of the liquor it con- 
tacts, particularly at the higher dosages. Accordingly where color measurements are 
being made, the filtrate should be adjusted to the original pH level to help compen- 
sate for the indicator effect. A Freundlich plot of an isotherm for the carbon 
decolorization of thick juice is shown in Figure 10-l7a. A considerable amount of 
information can be obtained from the isotherm plot. In the first place, one can tell 
immediately whether or not the desired degree of purification can be attained, and 
the carbon dosage required to achieve any degree of purification in a batch system 
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can be read from the plot. Secondly, the adsorptive capacity ofgranular carbon in a 
column system can be estimated. By drawing a vertical line from the point on the 
horizontal scale comsponding to the initial concentration Co, and extrapolating the 
isotherm to intersect this line, the x/m value at the point of intersection can be read 
from the vertical scale. This value, termed represents the amount of color 
adsorbed per unit weight of carbon when that carbon is in equilibriuim with the in- 
itial or influent concentration. Since this equilibrium should be closely approx- 
imated, at least in the upper section ofthe carbon bed during the column treatment, 
it represents the ultimate capacity. 

From the (x/m),.o value, the capacity in terms of volume of liquid treated or 
pounds of sugar solids treated per unit weight of carbon may be calculated. These 
figures can be obtained by dividing (x/m),oby the concentration units removed per 
unit volume. From the capacity figures an approximation ofthe cost ofcarbon treat- 
ment may be obtained. It should be noted, however, that capacity values for 
granular carbon, estimated from an isotherm, may not be attained in practice. It 
may be impractical to operate the column in such a manner as to ensure complete 
saturation of the carbon at the inlet end. 

Before a full-scale adsorption system can be designed certain additional infor- 
mation must be obtained. The operating capacity of the carbon as well as the op- 
timum combination of flow rate and bed depth must be established. These factors 
will depend upon the rate of adsorption which must be determined by dynamic col- 
umn tests. 

Column Tats. Full-scale columns for beet sugar treatment are 9 ft or more in 
diameter and 25 to 40 ft in depth. Laboratory columns can be scaled down to 1 or 2 
in. in diameter and the flow rate reduced to simulate plant conditions. I t  is difficult, 
however, to extrapolate data obtained in a shallow bed to predict performance in a 
deeper bed. Accordingly, it is recommended that the depth of the laboratory col- 
umns be the same as that anticipated in the plant. Theoretically, both the column 
depth and the flow rate can be reduced to obtain an approximation of the full-scale 
contact time. However, this may introduce experimental difficulties in accurately 
metering low flow rates and ineffective column packing leading to wall effects. 

The connection of a number of column sections in series is a convenient way 
of obtaining the required bed depth in the laboratory. This arrangement facilitates 
the collection ofemuent samples at various bed depths, thus evaluating the effect of 
contact times. Further, a series of sectioned columns is essential for determining the 
effects of countercurrent operation. Columns for laboratory or pilot-plant tests can 
be constructed from plastic or glass tubing, or pipe. Constant temperatures may be 
obtained by using jacketed columns and by circulating water from a constant 
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temperature bath through the jackets. The transfer lines between the columns 
should also be jacketed for best results. Sampling ports should be provided between 
columns. Gauges may he installed to obtain mcaiuremcnts of the pressure drop 
across the system. In order to obtain constant flow rates a small positive displace- 
ment pump is desirable. A stainless steel screen at the bottom ofthe column makes 
an cffectivc bed support. (Figure 10-18). 

The carbon should be charged to the columns in a manner that will avoid air 
entrapment. This may be accomplished by boiling the carbon in water and charging 
the hot slurry to the column at a sufficiently slow rate that a layer of water is always 
maintained above the bed. Alternately, if i t  is desired to avoid a “sweetening-on” or 
mcc~cning sup ,  the carbon ruay be charged to thc column h the hot sugar liquor. 

After charging is completed the liquor is pumped through the column system 
at a predetermined flow rate. For the treatment of thick juice the flow rates in- 
vestigated should be in the range of 0.5 to I .O gpm/sq ft of cross-sectional bed area. 
For less concentrated liquor the flow rate can be increased in inverse proportion to 
the solids content of the liquor. 

When the column system is in operation emuent samples should be collected 
at regular intervals from the various bed depths for analysis. Feed samples should 
also be collected regularly. A series of curves can be constructed showing either col- 
or, or an alternate criterion of impurity concentration, as a function of throughput 
volume. These plots are commonly called breakthrough curves. Examples are 
shown in Figure 10.19 for the column treatment ofthick juice. From the curves, the 
volume of acceptable ellluent collected from each bed depth to a predetermined 
breakpoint can be determined and compared. From these figures the carbon dosage 
or the weight of carbon used per weight of sugar solids treated can be calculated. 
Ideally, during the adsorption cycle in a column process the carbon at the inlet end 
of the bed will be practically saturated with impurities, the carhon at the outlet end 
Will be relatively free of impurities, and between these two extremes there will be a 
zone in which the bulk ofthe adsorption is taking place. The latter is refemd to as 
the adsorption or mass transfer zone. This zJne will move downward through the 
bed as the carbon becomes saturated and can be regarded as an adsorption wave- 
fmnt moving through the column (20). 



The shape of the breakthrough curve provides an indication of the depth of 
the adsorption zone. A sharply defined and steep breakthrough curve is indicative of 
a relatively shallow adsorption zone. If. however. some breakthrough occurs im- 
mediately and considerable time elapses before the emuent concentration ap. 
proaches the influent concentration, the adsorption zone is deep relative to the 
overall bed depth. 

Invariably, for the treatment of sugar liquors, particularly for concentrated li- 
quon such as thick juice, deep adsorption zones are encountered. Where this situa- 
tion prevails. and a single fured bed carbon column is used, only the carbon at the 
inlet will haw a high adsorbate loading when the emuent from the outlet reaches an 
unacceptable level. The impurity loading on the carbon will decrease progressively 
from the inlet to the outlet end and thus most of the carbon will still have usable 
capacity. It would obviously be uneconomical to discharge all of the carbon for 
reactivation at this stage. Therefore, countercumnt usage of the carbon should be 
considered. 

Countercumnt operation may be achieved by using a number of columns in 
series. When the cmuent impurity concentration reaches an unaccsptable level, the 
first bed is removed from service and replaced by a fresh bed of carbon at the outlet 
ci?d of the system. This procedure is carried out i nde f~ tc ly ,  and ensures that only 
highly saturated carbon is removed from the system. The external piping mange- 
ment must bc such that any one of the beds can occupy any position in the series. 
This can lead to complex piping arrangements where more than two k d s  are used. 

An alternate approach to coun te rcwnt  operation that has found acceptance 
in the k t - s u g a r  industry ia the moving bcd system. In this case, the liquor is passed 
tbmugh tbe column in an upflow direction. Spent carbon is withdrawn from the 
bottom of the bcd either continuously or int.:rmittently. Reactivated carbon is 
simultaneously added to the top of the bed. 

Laboratory evaluation of tbe effects of countercumnt opration can be deter- 
mined in the sectioned column system described above. This system can be opratcd 
for a number of cycles in a CountercUmnt fashion until relatively steady s t a t e  condi- 
tions are established. 

At this stage the carbon dosage can be calculated from the volume of liquor 
processd per cycle and the weight of carbon removed from the system in each cyde. 
In some cases, pilot movingbed columns, 8 in. in diameter and 40 ft high have been 
used to dctmnine countercurrent dosages. 
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Granular  Carbon Systems in the B n r S u g a r  Industry 
Several systems are in operation in the United States and British factories. All 

of these are moving bed systems. Typically they each consist of two or more carbon 
adsarbers, a reactivation furnace, and auxiliary equipment for hydraulic transport 
and dewatering between the adsorbers and the furnace. The installation previously 
used at the Carlton plant of the Holly Sugar Corporation (18) was evolved after 
considerable operating experience with the various alternate system components at 
other sugar factories. It was a pulse-hcd system in which the changing and with. 
drawing of carbon were performed intermittently rather than continuously. 

In the Holly system, Figure 10-20, two columns were used in parallel, each 10 
ft in diameter and having a straight side height of35  ft. The columns (Figure 10-21) 
were fitted with a conical bottom and a dished top and each contained 2960 cu ft of 
carbon. This installation was originally designed for a thick juice hut has also been 
used for thii juice treatment. 

In  the case of thick juice the products from the evaporators or storage juice 
tanks flowed through a heat exchanger to a surge tank feeding the column system. 
In the heat exchanger the temperature was raised to 85' C. The feed to the columns 
was maintained automatically at 64 to 65' Brix. The flow from the surge tank was 
divided equally between the two columns by a flow controller. Juice was introduced 
at the base of each column through six equally spaced inlets protruding into the 
conical section and fed by a manifold pipe encircling the column. The juice flowed 
upward through the carbon bed at a flow rate o f80  gpm. Purified juice flowed from 
the top ofthe column through eight tubular screen ekmenv; into launders, and then 
by gravity to the surge tank supplying carbon-treated juice to the factory. 

At intervals of  about four hours, a "slug" ofspent carbon, approximately 160 
cu ft, was discharged from one of the columns into a dcsweetening tank. At the same 
time an q u a l  volume of reactivated carbon. slurried in thick juice, was introduced 
into the top of the column. During the slugging operation which required 15-20 
minutes, the flow ofjuicc to the column was stopped. The surge tank and the sec- 
ond column temporarily handled the total flow. 

The slug of spent carbon in the deswcctening tank was desweetened with hot 
water at a flow rate of 16 gpm. The sweetwater was returned to the column feed 
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F i g W  
system. 

1021. Typical moring 

tank until the concentration reached 40 Brix. From 40 ' to approximately 0 ' Brix, 
it was returned to the plant raw juice supply. At this point the stream was diverted 
to waste and the washing was continued for an additional 30 min. 

The carbon was then transported hydraulically to the dewatering tank for the 
removal of excess water by drainage, prior to reactivation. It then dropped into the 
furnace feed hopper at an average moisture content of 3896, wet basis. The carbon 
was fed to the multiple-hearth reactivation furnace described below, by a variable 
speed scroll. 

Reactivated carbon droppcd out of the furnace through a chute equipped with 
internal water sprays. The chute extended below the surface of the water in the 
quench tank, sealing the furnace from the atmosphere. The quenched reactivated 
carbon was conveyed up an inclined scroll which bad a screened bottom for 
dewatering purposes, into the blow case feed hopper. The carbon containing about 
48% water was slurried in treated thick juice, fed into the blow case and transferred 
by air pressure up to the carbon feed tank above the columns where it was stored 
until the next slugging operation. 

The granular carbon installations at the five factories of Spreckels Sugar 
Company incorporate the same essential features of the Holly system, except that 
the adsorbcrs and the desweetcning columns are designed for continuous rather 
than intermittent carbon flow (2). The carbon adsorption columns utilize the 
patented CAP (continuous adsorption process) principle (Figure 10-21). In these 
columns the syrup is fed to the bottom ofthe column at a rate such that the carbon 
h d  is maintained in an expanded but not fluidized state. In an expanded bed the 
particles do not have suKicient freedom of movement to alter their position relative 

L 
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10 other panicles. Cunscqucndy. a plug flow of carbon dnwnrvardr through the CUI. 
umn is achicvcd and countcrcumcnt cficicncy mainlaincd. By convast. in a fluidin- 
cd bed individual paniclcs can move in random fashion rclativc 10 each other, thcrc 
is considcrablc mixing of fresh and cxhaurtcd paniclcs. and countcrcurrcnt cficicn- 
cy cannot be maintained. 

In a typical installation. three adsorption columns arc urcd in pnrallcl. each 
9.5 ft in diamctcr and 47.5 ft high. They arc constructed of mild stccl. cpoxy.coatcd 
in thc cylindrical section, and rminlcss-stccl lined in thc conical bottom. Each col- 
umn is S l C m  traccd. insulated, and covered with an aluminum jacket. Each column 
contains 62 000 Ihs of carbon with an cxpmdcd bed height of 3 I ft. Thcrc is an an- 
nular carbon feed well at thc top extending 3 It below the liquor lcvcl and an R.f1 
conical bottom for carbon collection and withdrawal. Fccd liquor is admitted im- 
nicdiatcly above thc conical hottom through nozzles in xmovahle rpargcrs or feed 
pipes. The vcavd liquor is collcctcd in a launder at thc top of the bed and returned 
hy gravity tn the sugar end of the factor).. Thc  spcnt carbon i 9  withdrawn to thetop 
of a cmvd dcswectcning column 24 ft high and 18 in. in diamcter. which opcratcs 
similarly to thc adsorption column. The carbon passes dc.wnflow through the col. 
umn and is withdrawn continuously. Hot water is admiucd at the houom and thc 
w*twatcr cmcrgmg from the top is returned to the factory for purification and 
evaporation. 
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Plant Performance. In a test conducted in 1965, the effectiveness of the 
Holly granular carbon system described above was evaluated (18). In this plant- 
scale test the sugar obtained from thick juice after carbon treatment was compared 
with that obtained from non-carbon-treated thick juice of otherwise identical quali- 
ty. During the test period carbon treatment effected a consistent upgrading of sugar 
quality, as shown in Table 10-4. 

Costs arc summarized in Table 10-5 which indicate that there was a 4% in- 
crease in the extraction of sugar fed, corresponding to a 5.5% increase in sugar h a g  
ged. The net o p a t i n g  cost of achieving this added extraction was only 0.675 per 
100 Ibs of sugar produced. since the costs of the carbon treatment were largely OR- 
set by savings made in other parts of the process. 

Table 10.4 Effects of Granular Activated Carbon Treatment on Thick Juice and 
Suxar Qurlity (Carlton, 1965) 

A. Average Thick Juice Results Influcnr Efflurnt % Rcmoval 

Specific color 8 493.3 342.8 50.5 
Thick juice apparent puriry. % 85.78 86.50 

PH 7.3 7.4 

B. Average White Sugar Result. Treated U"trCllcd 

Solution grade 2, color 92.4 91.0 
Solution grade. turbidily 98.5 99.8 
Floc test 0 + 2.2 

Molasses true purity 60.4 61.2 

C. Mnla- Produced 

'Adrarbance ai 425 nm on filtered juice divided by the pmduct of the cell length in 

~Transmittnnccs of a 50' Br ix  solution in a 5 cm cell at  425 nm for color and 650 
cm and the concentration in g/ml. 

nm for turbidity. 

Table 10.5 Cost of Granular Act ir~ fed  Carbon Treatment (Carlton, 1965) 

Treated Unlreated Differenre ~ ~~~~~~~~~~ 

Cwt sugar producedku f l  juice 0.4008 0.37590 0.0248 
Lbs carbon ured/cwi sugar 0.1526 0 0.1526 
C o s t  of carbon - Wcwt suear oroduced 0.04822 0 0.04822 

0.00244 0 0.00244 Added sugar loss 
0.19591 C.24076 -0.04485 Cost of labor 
0.14480 0.15648 -0.01168 cost Of fuel 

Cost of other materials " " " 0.07108 0.05846 0.01262 

" .  . . . .  .. . . . .  .. . . . .  .. 
Total COIL . . . .  .. 0.45249 o m  o m  
EXlraCfiO" - yo of total s u ~ a r  fed 76.42 72.43 5.99 

It was concluded that the extraction gain was not entirely due to the increase 
in juice purity hut also to the considerable decrease in reboiling. It is also apparent 
from Table 10.5 that due IO the decreased reboiling, the costs oflabor and fuel were 
lower for processing carbornmated syrup in spite of the additional manpower used 
and fuel required to operate the carbon treatment station. The increascd materials 
cost for the carbon-treated juicc was attributed to increased filter aid consumption, 
More recent increases in fuel costs have led to disusc of this system. 
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During the Holly test in 1965, carbon losses amounted to 6.3% of the carbon 
reactivated. The bum ratio, defined as Ibs of carbon reactivated per 100 Ibs of sugar 
treated, was 2.2 Ibs. Sugar lost by retention on the carbon corresponded to 0.019% 
of the sugar processed. This amounts to 0.86% by weight of the carbon. 

It is of interest to compare these results with those obtained earlier in other 
plant-scale evaluations of granular, activated-carbon systems. The results of a study 
of a very similar installation for thick juice treatment at the York factory of the 
British Sugar Corporation have been published (22). Sugar quality was compared 
before and after the start-up of the carbon system. After the stan-up significant im- 
provements in sugar quality were observed as measured by visual inspection, 
polarographic height, color, foaming index, and turbidity. It was found that the 
overall purity of the carbon-mated syrup increased by 0.196, just statistically signifi- 
cant (3). At York, the amount of sugar retained on the carbon was 1.2% and the 
bum ratio 0.95%. The fact that significant improvements were achieved at a much 
lower bum ratio lhan that used at Carlton may be due to differences in SYNP quali- 
ty. The Carlton report mentions that highly colored syrups ax processed at their 
test site. 

The carbon losses at York were determined to be 1% of the carbon reac- 
tivated. However, the determination was made at a time when operating difficulties 
were encountered with the furnace. Average losses during normal operations were 
estimated to be in the 4 to 5% range. 

In a third plant test the installation at the Woodland plant of the Spreckels 
Sugar Company, which incorporates the CAP columns described earlier, was 
evaluate3 (2). The test involved the comparison of two 17-week operating periods, 
one from the 1959 fall campaign and one from the 1956 fall campaign in which the 
quality of the beets was comparable. The granular carbon installation was in opera- 
tion during the 1959 period 

The yield of white sugar was substantially higher and the molasses purity 
substantially lower during the 1959 campaign. A higher percentaEe of sugar was 
crystallized in each boiling and quality sugar could be prepared from lower purity 
liquors and massecuites. Because of these factors the capacity of the factory was in- 
creased by 236 tons of beets per day. The estimated savings effected by reduced 
sugar end recycling. reduction in molasses purity, and increased factory capacity are 
summarized in Table 10-6 with the additional costs incurred. Net savings of 1.3 
cents per bag were obtained. While the cost figures in the table are out ofdate, com- 
parable savings should be effected at the present time. 

Extremely low floc content and marked d u c t i o n  in the solution colors. tur- 
bidity and foaming characteristics in the finished sugar were reported. 

The plant installations described above are concerned with thick juice treat- 
ment. Hiltgen and M a u  (8) have summarized the results of a number of laboratory 
and pilot-scale tests on the carbon column treatment ofjuices ranging from 9 to 62 
rds, from a wide variety of geographical sourccs. In these tests full-scale bed depths 
were employed, and the flow rates were adjusted so that the same conditions were 
used on the basis of pounds of sugar solids treated per unit of time. The bum ratio 
in most cases was 1.3 Ibs carbon per 100 Ibs sugar. Under these conditions apparent 
purity increases in the 0.6 to 1.0 unit range were noted and were essentially equal 
for thin and thick juice. Similarly, essentially equal degrees of decolorization were 
obtained for the two syrups. In one test, carbon treatment of thin juice eliminated 
the need for antifoaming agents in the evaporation step. Further, on the basis of one 
test, carbon used for thin juice treatment was more easily reactivated than that used 
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Table I O 6  Savines and COIU Summary (Woadland 1959) 

$ Per Bag of Sugar Produced 

Saving Cost 

Reducing recycling in sugar end $0.014 
0.482 

Increased factory capacity 0.078 
Operating labor $0.013 
Operating materials and e x p e n r  0.071 
Maintenance 0.016 

Reduced purity of molasses produced 

sugar loss 0.001 
TOTALS 10.114 s0.101 - - - - 

Savings before fired charges and taxes with 
the CAP using CAL carbon $0.073 - 

for thick juice treatment. In 1968 the Carlton installation was operated on thin juice 
with reportedly very satisfactory results. 

Reactivation of Granular  Carbon. The spent carbon withdrawn from the 
adsorption column, desweetened and dewatered, will contain the color bodies and 
other impurities adsorbed from the liquor treated as well as a small quantity of 
sucrose and 40-50 wt W water. not conveniently removed by conventional dewater- 
ing equipment. In the reactivation furnace the water is driven off and the adsorbed 
organics volatilized, charred, and oxidized primarily to volatile gases and vapors. 
Reactivation is usually performed in a direct-fired, multiple-hearth furnace at max- 
imum temperatures in the 920 to 980°C range. Steam and a small quantity of ex- 
cess air are passed through the furnace. 

Although the chemistry of the reactivation process is not well defined, it is 
likely that the principal reactions are those of the charred impurities with the steam 
and carbon dioxide present in the furnace atmosphere. 

~~0 + c +co + nl 
CO? + c *2 co (3) 

(4) 

The principal function of the excess air is to convert the carbon monoxide and 
hydrogen back to carbon dioxide and water. 

2 co + 01 -2 col 
2 nl + ol-2 ~~0 

The multiple-heanh furnace, Figure 10-23, consists of a vertical cylindrical shell 
lined with refractoly which encloses a series ofhorizontal, cinular heanhs stacked one 
above the other. 

A central shaft extends the full height of the furnace, supporting cantilevered 
rabble arms above each hearth with rabble blades attached to them. The rotation of 
the shaft and the attached arms spreads the carbon over the surface of the top hearth 
and takes it in a spiral path from the entry point near the center to dmp holes at the 
outer edge, In the second h e a h  the carbon is raked from the periphery to a central 
drop hole. This alternate pattern of “out-hearths” and “in-hearths” is continued 
for the remaining compartments. 

(5) 
(6) 
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Figurc 1023. Multiple hearth furnace 
and dewatering mew. 

Furnaces used in reactivation selvice generally range in diameter from 3 ft to 
13.5 ft and may consist of from 6 to 10 hearths. One typical unit is 7 ft in diameter 
and has 8 hearths. The furnace is fired on hearths 4, 6, and 8, numbered from the 
top. with natural gas. and has an air blower that supplies supplementary air to the 
hearths as well as prima7 air to the gas burners. Hearths 4, 6, and 8 are also equip- 
ped with steam lines. Steam requirements range from 0.5 to 1.0 lh steam per Ib dry 
carbon. 

Care should be used in the selection of test methods to control furnace opera- 
tion and to evaluate the quality of the reactivated carbon. Specifications for sugar- 
treatment carbons normally include such physical properties as hardness or abrasion 
resistance, apparent or packed bulk density, and particle size. Adsorptive properties 
are characterized by surface area measurements or by tests involving the adsorption of 
specific substances from solution, such as iodine, or the colored components of 
blackstrap molasses. Apparent density measurements as well as iodine and molasses 
adsorption tests have been used to determine the degree of reactivation of service 
carbon; however, the results should be interpreted with caution. 

The apparent density of activated carbon may increase in service either by an 
accumulation of oxidation products of adsorbed organics in the fine pores or by a 
small but measurable accumulation of ash in these pores. For this reason, attempts 
to restore the virgin apparent density may result in over-reactivation and activity 
loss. Accordingly, apparent density measurements should he used as guide lines in 
conjunction with activity tests. 

Similarly the use of iodine adsorption as a single test is not xcommended. 
M i n e  adsorption is indicative of total surface area, and the fine pore blockage will 
also reduce the total surface area. However, the relatively large molecules con- 



ACTIVATED CARBON 347 

stituting the impurities in sucrose solutions do not penetrate into the very fine pores 
of the carbon. Consequently, the blockage may not affect the capacity of the carbon 
for the components of interest. This is illustrated by an investigation (3) which 
reveals that although the iodine adsorption of a reactivated beet sugar carbon was 
markedly lower than that of the virgin adsorbent, the reactivated carbon had con- 
siderably better acid-floc and saponin capacity than the virgin material. 

Molasses color adsorption is a better indicator than iodine adsorption of the 
suriacc area available to the larger molecules. Ideally. however. the performance of 
the reactivated granular carbon should be evaluated using syrup representative of 
that encountered in the plant. Isotherm-type tests are of value in this respect. A 
recently published ( I )  ASTM general isotherm procedure should be adaptable to 
reactivated beet sugar carbons. 
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Chapter XI 
EVAPORATORS AND FUEL ECONOMY' 

Introduction. Evaporation of water from the beet juice is done in two stages, 
the first stage in the evaporators and the final stage in the vacuum pans. This 
chapter is concerned with the first stage. 

Heat is required to evaporate water from the beet juices and sugar syrups en- 
countered in ket.sugar factory processes. This heat is universally supplied to 
evaporators and vacuum pans in the form of steam, Water evaporated from the beet 
juices and sugar syrups leaves as steam. Thus to understand the evaporation process 
it is necessary for the reader to understand certain thermodynamic concepts. 

Thermodynamic Definitions. Water exists in three states, solid, liquid, and 
gaseous or. in other terms, ice. water, and vapor or steam. Steam is a special term 
for water vapor. However, in the beet-sugar industry, steam and vapor are given 
special definitions to improve the facility and accuracy of communication. "Steam" 
refers to water vapor first formed in a steam generator, such as a boiler. "Vapor" 
refers to water vapor first farmed in an evaporator or vacuum pan. Heat and 
temperature units are defined as functions of these states. The "ice point" is the 
temperature of pure melting ice under standard atmospheric pressure, in contact 
with pure water saturated with air, at the same temperature. The boiling point of 
water is that temperature at which the vapor pressure of the liquid water equals the 
pressure above the surface of the water. Evaporation of water is brought about by 
the addition ofheat to the water in sufiicient quantity to cause it to change from the 
liquid to the gaseous state. 

Fahrenheit and Centigrade temperature scales are in common use in k- 
sugar factories. The Fahrenheit scale divides the temperature interval between the 
ice point and the steam point into 180 equal parts, while the Centigrade scale 
divides it into 100 equal parts. On the Fahrenheit scale, the ice point is defined as 
32 OF, and on the Centigrade scale as 0 'C. Then by the above definition, the steam 
paint on the Fahrenheit scale is 2 1 2 '  F, and on the Centigrade scale 100°C. T o  
change Centigrade to Fahrenheit degrees use die following formula: 

To  change Fahrenheit to Centigrade (Celsius) degrees use the following for- 
mula: 

C "  =>(F ' -  32) (2) 
9 

Thus, IO0 Centigrade degrees are equivalent to 180 Fahrenheit degrees, or 1 C 
1.8 F'. 

Pressure is defined as the force acting upon a unit area, The unit of pressure 
most commonly employed is pound5 per squorc inch or psi. Standard atmospheric 
pressure is the pressure exerted by a column of 76 centimeters or 29.922 inches of 

= 

'by F.H. Ballou. Jr. 
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mercury at sea level and 0°C at standard acceleration of gravity, and is equal to 
14.696 psi. Standard atmospheric pressure is considered equivalent to the normal 
atmospheric pressure at sea level. The common pressure gauge indicates gauge 
pressure, psig. which is the absolufe pressure minus the actual atmospheric 
pressure. To obtain absolute pressure (psia), use the common pressure gauge 
reading and add to it the actual atmospheric pressure obtained from a barometer, or 
use a special absolute pressure gauge. 

In the United States the common unit of heat is the British thermal unit or 
Btu. It can be approximately defined as the quantity of heat required to raise the 
temperature of a one pound mass of water through I "F. It is defined exactly as 
778.26 foot-pounds. 

The beet-sugar factory evaporator evaporates water from the beet juice, so the 
thermodynamic or heat properties of water arc of concern. The heat content of 
water and water vapor, as well as other fluids, is separated into several classifica. 
tions, depending un the physical state. 

The heat content of water is called the enthalpy ofwater and it is the heat con- 
tent of one pound of water above the heat content of water at some arbitrary 
temperature, generally 32 'F. 

The mfhalpy of moporofion ( la fmf  h a t )  of water is the heat required to 
evapaate one pound of water at constant temperature and pressure. The resultant 
pound ofsteam, termed soturatcd sfemn, will have been evaporated from water at its 
boiling temperature to steam at the same temperature. I t  is to be noted that the e n  
thalpy of evaporation is not constant hut varies with the boiling temperature, which, 
in turn, varies with the absolute pressure in which the liquid is boiling. For example, 
pure water boiling at 35 'F will be in an absolute pressure of0.09991 psia and will 
have an enthalpy of evaporation of 1073.8 Btu per Ib mass. At 366 "F and 164.968 
psia the enthalpy of evaporation is 856.9 Btu per Ib mass (2). 

Superheof is additional heat added to the saturated steam. It raises the steam 
temperature above the saturated steam temperature. There are other classes of heat 
which will not be discussed here. Some of these are heat of crystallization and dilu- 
tion, latent heat of fusion, heat of sublimation, etc. Further information is available 
in many standard texts on thermodynamics (9 , l  I,l5,17). Heat in these classifica- 
tions is usually measured in terms of the Btu or its metric equivalent, the calorie. 

S'cct@c heal is not a quantity of heat, but rather the ratio of two particular 
quantities of heat. The specific heat of a substance is defined as the ratio of the heat 
required to raise the temperature ofthat substance one degree. to that required to 
raise the temperature of an identical weight of water. usually from 62 to 63 O. As it 
has no units it has the same value in the English and metric systems. 

An essential tool for heat calculations arc the steam tables (2). These tables list 
for water the enthalpy of the saturated liquid, the latent heat of evaporation and the 
sum of these two, or the enthalpy of the saturated vapor, for a wide range of 
temperatures and pressures. The enthalpy of superheated stcam is also tabulated. 

Desr ipt ion of Evaporators. Many years ago the horizontal-tube evaporator, 
patented by Wellner and Jelinek in 1879, was in almost universal use in the heet- 
sugar industry of the United States. This evaporator is usually rectangular in 
horizontal section and inverted U in vertical end section with the top being semi- 
cylindrical. A horizontal-tube bundle is located in the bottom portion of the 
evaporator body. At each end of the tube bundle there is a steam chest which pro. 
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trudes from the evaporator shell. Steam is on the inside of the tubes and juice is on 
the outside. The tubes are quite small in outside diameter-usually between 0.75 
and 1 in. diameter. 

For many years calandria-type evaporators have found favor. Also known as 
the Robert or standard type they have vertical cylindrical shells with dished bottoms 
and heads. There is usually an entrainment separator mounted in the head to 
remove liquid droplets resulting from the boiling action and carried up with the 
vapor. The tubes are vertical, from 5 to 10 ft in length, and are usually 1.5 to 2 in. 
outside diameter. The tube bundle is located in the bottom portion of the 
evaporator body, the bottom tube sheet being within a foot or two of the dished bot- 
tom. There is usually a cylindrical center well down through the center of the tuhe 
bundle, which is usually about one-fourth of the diameter of the evaporator shell. 
When operating, liquor circulates up through the tubes and down through the 
center well. Liquor is usually fed in under the bottom tube sheet and usually leaves 
at a point near the top of the center well, There are many designs for feeding and 
removing liquor from a calandria evaporator. Many of these attempt to reduce or 
eliminate the recirculation of liquor within the evaporator body, to increase capacity 
and to minimize destruction of sucrose by heat. Most of these attempts are only 
partly successful hecause instrument control of the evaporator function is also 
desired, and so far all the instrumentation systems require some recirculation of li- 
quor within the calandria to maintain stability (1,IE). 

A number of long-tube, vertical-film type evaporators have been installed in 
recent years. These evaporators have vertical tubes 18 to 32 ft long and about 1.5 
in. outside diameter. There is no center well. Two types are in use, the climbing 
film and the falling film. In the climbing film type the liquor enters helow the hot- 
tom tube sheet and flows up inside the tubes. As the liquor flows up through the 
tubes, heat far evaporation is furnished by steam on the outside of the tubes so that 
a mixture of liquor and vapor leaves the upper end of the tubes with a high velocity. 
The top of the tube bundle extends one or two feet into a cylindrical chamber or 
dome. An umbrella-type hame separates the liquor from the vapor in the dome so 
that the liquor can he withdrawn from the bottom of the dome and the vapor from 

In the falling film type the liquor is fed into the top of the tubes. The design is 
such that each tube is assured of its proportionate share of liquor. As the liquor 
flows down thmugh the tubes, heat for evaporation is furnished by steam on the 
outside of the tubes so that a mixture of liquor and vapor leaves the bottom end of 
the tubes with a high velocity. Means are provided at the bottom of the tuhe bundle 
to separate the liquor and vapor. 

In beet-sugar factories, the horizontal-tube type ofevaporator has not been us- 
ed with steam pressures over about 17 psi, the calandria type over about 40 psi, and 
the film type over ahout 45 psi. 

Entrainment separators are normally installed with each evaporator body. 
These are located in the leaving vapor stream and can he either inside the body or in 
the vapor line external to the body 

the top. 

Evaporator Operation 
Thin juice. after sulfitation, is pumped through the thin-juice heaters and into 

the evaporators, whex a large part of the water is removed from the beet juice. For 
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the most economical operation the thin-juice heaters should discharge juice at or 
above the saturated temperature of the first vapor. This increases the capacity ofthe 
evaporators and facilitates both heating and evaporation. The usual set consists of 
four or five bodies or effects in series, and are known as quadruple- or quintuple- ef- 
fect evaporators. Figure 1 1-1 shows a quintuple-effect evaporator. 

An evaporator body is a single evaporating unit. An evaporator effect can be a 
single evaporator body or several evaporator bodies connected in parallel. In the 
beet-sugar industry an evaporator effect generally consists of only one body, 
although there are many cases of two-body effects and some three-body effects. 

It is common practice to feed the thin juice into the first effect, throttle juice 
from the first effect into the second effect, throttle juice from the second effect into 
the third effect, etc. This is known as forward feed of the evaporator. Water is 
evaporated in each effect and so as the juice progresses through the evaporators, its 
density increases. Juice from the last effect is called thick.juice. Backward feed is oc- 
casionally used, wherein thin juice enters the last effect, and the juice is then 
pumped out of each effect into the preceding effect and finally out of the first effect. 

Exhaust steam is piped into the firsl-effect steam chest. On condensing, this 
steam gives most of its heat to the juice in the first effect and the transfer of heat 
causes the juice to boil. Vapor from the boiling first-effect juice passes through the 
evaporator dome and is piped into the vapor or steam chest of the second effect. 
First-effect vapor in the second-effect vapor chest gives most of its heat to the juice 
in the second effect, and so produces second-effect vapor. This process continues 
down through the evaporators until the vapor from the last etTect is led to a con- 
denser. This condenser maintains the last vapor at a low pressure, usually well 
helow atmospheric pressure and consequently at a low temperature. Thus, each 
evaporator effect acts as a condenser for the preceding effect. Hence, each suc- 
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figure 11.2. Sertion.1 .1ern,ion of 
short .uk rrriirnl enparstor body. 
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c&g vapor pressure, and, of course, temperature. is proprtianatcly lower with 
the lowest vapor pressure in the last effect under control by the condenser. 

One pound of stcam admitted to the first-effect steam chest evaporates appwx- 
imately one pound of water from the juice in the effect. One pound ofthe first vapor 
thus formed, when admitted to the second-effect vapor chest will evaporate approx- 
imately one pound of water from the juice in the second effect. This process con- 
tinues through each succeeding effect. Consequently. one pound of steam admitted 
to the first-effect evaporator will evaporate approximately five pounds of water in a 
quintuple-effect evaporator, four pounds of water in a quadruple-effect evaporator, 
etc. 

The accuracy of this approximation depends on the vapor-pressure and 
temperature levels on the Steam and juice sides of the heating surface of the 
evaporator effect in question. The actual amount of water evaporated in an effect. 
per pound of steam or vapor condensed, can be calculated from the steam and juice 
temperatures by the use ofthe steam tables. For example, assume an  evaporator cf- 
fcct has a steam chest temperature of231.8"F, and a juice temperature of 217.9 OF. 
Juice will he throttled into the evaporator at the temperature of the juice in the 
previous effect, which is the same as the steam-chest temperaiure in the evaporator 
under discussion of 23 1.8 'F and leaves at the juice side temperature of 2 17.9 "F. In 
this example we have assumed no boiling-point rise and a specific heat of 1.0. 
Evaporation comes from two sourccs: juice "flash," and condensation of steam or 
vapor in the steam chest. 
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Evaporation by juice flash occurs because the juice entering at 231.8'F is 
above the saturation temperature of the effect in question, and so must cool to the 
saturation temperature of 217.9 -F by self-evaporation, which is termed flashing. 
Each pound ofjuice will give up the difference in enthalpy of a saturated liquid b e  
tween 231.8'F and 217.9"F. 

Enthalpy of saturated liquid at 2 3 1 3 ° F  = 200.18 Btullb. 
Enthalpy of saturated liquid at 217.9"F = 186.1 1 Btullb. 
Difference given up by juice in flashing = 14.07 Btu/lb. 
The heat required to evaporate one pound of water at 2 17.9 "F to form one 

pound of vapor at 217.9'F is 966.6 Btu. Hence each pound ofjuice, when flashed, 
will evaporate from itself 14.07/966.6 or 0.015 pounds of water. Assuming that 
there are three pounds of juice flowing through this evaporator effect for each 
pound of steam condensed, the evaporation by flashing, per pound of steam con- 
densed, will be 3 ~ 0 . 0 1 5 ,  or 0.045 pounds. 

The amount of evaporation obtained from one pound of condensing steam 
can be calculated using the enthalpy of evaporation. or latent heat of evaporation, 
obtained from the steam tables for the two temperatures. 

Enthalpy of evaporation at 231.8"F = 957.5 Btullb. 
Enthalpy of evaporation at 217.9 'F = 966.6 Btullb, and so 957.5/966.6, or 

0.991 pounds of water are evaporated from the juice by one pound of s t e m .  Hence 
the total evaporation per pound of steam is 0.991 + 0.045, or 1.036 pounds. 

Beet-sugar factories usually use exhaust steam in the first-effect evaporator. 
Exhaust stcam, as the term implies, usually consists of the exhaust from the tur- 
bines, which use high-pressure steam directly from the boilers. I t  is possible to keep 
the demand for exhaust steam by the evaporators and other equipment exactly equal 
to the production by the turbines. If the production ofexhaust steam is greater than 
the demand, the excess production must be relieved to the atmosphere or "blown 
off," and represents a total loss. Far this reason, in a well-designed factory, the tur- 
bines never make enough exhaust steam to satisfy the demand. To make up this 
deficiency of exhaust steam a pressure controller, actuated by the exhaust steam 
pressure, bleeds high pressure bailer or "live" steam into the exhaust system, It 
should be pointed out that this exhaust-steam pressure controller should be so set 
that the live-to-exhaust steam make-up valve will close below the pressure setting on 
the exhaust steam relief valves to atmosphere. 

Heat Transmimion 
In studying the transmission of heat from one substance to another in various 

t p e s  of apparatus, valuable use is made of the overoil c o e - c i m t  of heof tran;lcr, 
which is defined as the heat transferred per unit of time, per unit area, per degree 
overall temperature difference. In engineering units it is the number of Btu which 
will pass in one hour from a wanner to a colder fluid through one square foot of 
surface, when the temperature difference between the warmer and colder fluids is 
one 'F. The usual English units of the overall coefficient of heat transfer are Btu 
per hr per sq ft per "F. The overall temperature dilference in the evaporator effect 
discussed above was 231.8 - 217.9 or 13.9OF. 

The area of heat transfer surface is rather difficult to determine precisely, 
when the surface consists of tubes. If the tube walls are datively thin, the area of 
surface C M  be closely approximated by calculating the surface on the liquid side. 
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For the horizontal-tube evaporator this is the outside surface of the tubes; for the 
calandria evaporator and the lonrtube vertical film-type evaporator this is the in- 
side surface of the tuhcs. 

The capacity of any given Set of evaporators. or quantity of water that can be 
evaporated, depends almost entirely on how rapidly the heat can he transmitted 
thmugh the tubes; or, in other words, depends upon the overall coefficient of heat 
transfer. Consequently, anything which affects this overall coeffcient aNects the 
capacity of the evaporators. 

Factors aNecting the overall coefficients of heat transfer and the capacity ofthe 
evaporators are: vapor velocity, air and noncondensahle gas removal. steam or 
vapor superheat, condensed water removal, surface cleanliness, tube composition, 
juice height in body, juice viscosity, temperature diNerence. boiling-point 
temperature, surface tension of juice, and others. 

The overall coeffcient of heat transfer is composed of three or more in- 
dividual coeficients which exist in every heat transfer surface. In a beet-sugar fac- 
tory evaporator the first resistance met is that o h e d  by the film of steam and con- 
densate on the steam side of the tubes, involving the steam-film coefficient of heat 
transfer; the second resistance met is the metal tube wall, involving the coefficient of 
heat transfer for the metal tube wall; the third resistance met is the scale on the tube, 
involving a coefficient of heat transfer for the scale; and the fourth resistance met is 
the juice film adhering to the scale, involving the liquid film coefficient. Each ofthe 
factors listed above aNects one a f the  individual coeffcients and in so doing affecrs 
the overall coefficient (6,l0,13,16). 

Vapor Velocity 
In theory, the transmission of heat will be better, the greater the velocity with 

which the steam passes over the heating surface. In practice, unless the overall coef- 
ficient is very high, the vapor velocity over the heating surface has hut little effect on 
heat transmission. I t  has been shown that the vapor velocity against a heating sur- 
face caused by condensation alone is sufficient for most conditions met in practice 
(3.7). In general, there is little that can be done to improve conditions on the steam 
side except in two cases: 1) changes in the coefficient due to a change from film-type 
to dropwise condensation, and 2) changes due to a change in the amount of non- 
condensahles. 

In 1930 it was discovered that there arc two types of Condensation: film-typc 
and dropwise. In f i h t y p e  condensation the steam condenses in a continuous film 
over the heating surface, and in dropwise condensation the steam condenses in 
drops which grow rapidly and run down the heating surface. A change from film- 
type to dropwise will, in certain cases, double the overall coeffcient afheat transfer. 
A very slight amount of oil or grease promotes dropwise condensation. 

Air  a n d  Noncondemable Gas Removal 
Beet juice contains certain compounds of nitrogen, and the carbonation pro- 

cess leaves some free and combined carbon dioxide in the juice. When the juice is 
boiled, some of the nitrogen compounds break down into ammonia and most oftbe 
carbon dioxide is driven off. In the evaporators these two gases, carbon dioxide and 
ammonia, as well as air and other gases, leave the bcet juice, and mingle with the 
vapor. These gases will not condense along with the steam or vapor and so they are 
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termed noncondensables. As such they interfere with and slow down the condensa- 
tion of steam or  vapor. Since "e7 little of these noncondensablcs can leave the 
evaporator with the condensate, they tend to collect in pockets which will blanket 
off a portion of the  heating surface and interfere with heat transfer through that sur- 
face. T o  prevent theae pockets from forming, the noncondensables must be bled off 
to a lower pressure. 

As a stream of steam or vapor passes over a heating surface, it tends to sweep 
the noncondensables along with it, and as the steam condenses, the mixture that is 
left becomes richer and richer in noncondcnsables. This means that in an evaporator 
or heater where the steam has a definite path, as in horizontal-tube evaporators or in 
lonrtube film-type evaporators, the noncondensables will be swept to the far end of 
the path and can be removed there quite completely. 

Noncondensables in a steam chest separate out as described above, rather than 
by gravity. A common example is the fact that water vapor in air does not rise to the 
top of a room but stays thoroughly mixed with the air even though it is lighter than 
air. In other words, a gas mixture consists of a mixture of molecules of each constit- 
uent, the molecules of any single constituent being distributed uniformly through 
the entire space and also acting or moving quite as if they occupied the space alone. 
This statement follows from Dalton's law, which states that eve7  portion o f a  mass 
of gas enclosed in a vessel contributes to the pressure against the sides of the vessel 
the same amount that it would have exerted by itself had no other gas been present. 
Hence, these pockets of noncondensables have a continuous tendency to diffuse 
back into the vapor. 

So, in the horizontal-tube evaporator, the vents can be located anywhere past 
the ends ofthe last tube pass. In the long tube vertical rim-type the steam should be 
admitted at one end of the tube bundle and the noncondensables removed at the 
other end, In calandria-type evaporators the steam path is not well defmed. Conse- 
quently, most calandria designs include vertical bames for the purpose of creating a 
steam path, so that the noncondcnsables can be successfully vented from the end of 
the stcam path. Unfortunately, the steam now in many calandrias is not completely 
positive from the stcam inlet to the vents, and so dead spaces or pockets tend to 
form where there is very little flow or sweeping action of the steam. In these dead 
pockets noncondensables will collect as the steam which brings them is condensed. 
Laboratory tests have shown that these pockets may be merely v e 7  thin layers of 
noncondensables on the heating surface, and yet these layers effectively prevent the 
transfer of all but small amounts of heat through the surfaces blanketed. 

Usually, high concentrations of noncondensables against the heating surface 
produce accelerated corrosion at that point. In such a case. an extra vent can be in- 
stalled. 

Vent lines from the evaporator effects can be connected to discharge to 
various points. Noncondensables can be bled from a steam chest to the vapor dome 
of the same or any following effect; however, where the steam or vapor pressure is 
above atmospheric pressure it can be vented to the atmosphere. Venting can be to 
the evaporator condenser or even to a vacuum filter condenser. Steam in the first ef- 
fect chest usually carries ye7 few noncondensables and is frequently vented to the 
atmosphere. The vent from the second-effect steam chest receives all of the non- 
condensables boiled off in the first effect, which forms the largest portion of non- 
condensables to be vented. If these are bled to second vapor, they will materially im- 
pair the overall cocllicient of heat transfer in the third effect. so the best practice is 
to vent them to the atmosphere. If the second-effect steam chest is below at- 
mospheric pressure, it can bc vented to the evaporator condenser, although this will 
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impose more load on the condenser. Remaining effects may he vented to any of the 
points mentioned; however, venting an effect to its own vapor should be done with 
discretion. At times it can be economical to vent to a surface or contact heat ex- 
changer on another service. With a surface heat exchanger the coefficient of heat 
transfer is likely to he low and the unit can be subject to corrosion. With a contact 
heater the fluid absorbing the heat is likely to absorb considerable nonconden- 
sable gases 2s  well. Similar principles for venting noncondensahles may be applied 
to other heat exchangers in the beet-sugar factory. 

Too much venting wastes steam. Too little venting reduces capacity. I t  is best 
to vent a little more than is absolutely necessary. An open bleed to atmosphere can 
be regulated by adjusting a throttle valve to give a small visihle plume of condensed 
vapor at the outlet. A closed bleed can be adjusted to give optimum operation of the 
evaporator or heat exchanger as indicated by the instrumentation or as determined 
by a heat balance. 

Steam and Vapor Superheat 
Superheat in the steam or vapor may reduce the overall coefficient of heat 

transfer. The exact amonnt of superheat necessary to materially affect the overall 
coefficient of heat transfer is indefinite. A test of a horizontal-tube evaporator with 
saturated steam and steam superheated 25 "F, showed no change in the overall coef- 
ficient of heat transfer. A test on a vertical-tube evaporator with 40 'F superheated 
steam also showed no difference (4,8). Operation of a long-tube vertical evaporator 
using I80 "F superheated scam showed no appreciable difference at the Woodland, 
California factory. It is likely that superheat has but very little affect on the overall 
coefficient of heat transfer in beet-sugar apparatus. 

Condensed Water Removal 
Condensed water should be removed from the evaporator as it is formed so 

that it cannot cover the heating surface and impcde heat transfer. In horizontabtube 
evaporators the tubes should be slightly inclined, so that the water drains to the 
steam chests. from which it can be removed by pumps or through traps. In 
calandria-type evaporators, several condensate outlets from the bottom tube sheet 
are usually provided. In the long-tube film type one design allows the condensate to 
run over the edge of the bottom tube sheet into a condensate chamber from which it 
can be removed by traps or pumps. Condensate from the evaporators. vacuum pans, 
and heaters is quite valuable because it is hot and contains very few impurities. Its 
high temperature and purity enables some of it to be used as boiler feed water and 
press wash water. The remainder can be used in diffuscr supply water and for 
general washing up. From the standpoint of heat and fuel economy, live and cx- 
hauat steam Condensate arc best for boiler feed water and first vapor condensate x c -  
ond best. Juice heater condensate is not normally u x d  in boiler fwd water since 
the juice pressure is usually higher than the vapor pressure, hence any leaks will 
allow juice to contaminate the condensate. 

Gauge glasses should be provided on all stcam chests to indicate the lcvel of 
condensate and should be watched carefully to see that the condensate is being 
removed as rapidly as it is formed. In some types of apparatus, condensate ac- 
cumulation will cause water hammer, which can produce dangerous s t r c s x s  in the 
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apparatus. I f a  heater has ample capacity, a high condensate level does no particular 
harm as long as it does not cause water hammer. A properly designed heater and 
condensate system is not subject to water hammer. 

There are many different arrangements for condensate removal. It is not 
within the scope of this chapter to discuss all the various condensate systems, excep- 
ting perhaps one type which is particularly economical of heat and fuel. This type 
successively bleeds the condensate from one effect to the next, and in so doing, 
recovers heat from the condensate. For example, if condensate comes from an effect 
at 220OF and is bled into a chamber connected to saturated Steam or vapor at 
210"F, the condensate will flash down to 2 1 0 T  The IO'F the condensatelast will 
he converted into saturated steam or vapor. Hence, we can successively flash first- 
effect condensate to first vapor. second vapor. third vapor and fourth vapor in a 
quintupledTect evaporator. In a like manner, second-effect condensate can be flash- 
ed to second vapor, third vapor and fourth vapor. This system is usually only par. 
tially carried out because of boiler-feed water economies which were discussed 
above, and because a certain volume of high temperature water is required for use 
in the factory. 

Surface Clcanl inas  
Scale on the liquid side of tubes is the largest and most important factor 

retarding the transfer of heat in beet-sugar factory evaporators. Even exmmely thin 
scales can be very detrimental. One writer (5)  reports that the removal of a scale so 
thin that it could be easily rubbed off leaving only a greyish stain on the finger rais- 
ed the overall coefficient from 1100 to 1600 Btui(hr) (sq ft) ('F) with a constant 
temperature drop of 40 OF. While commercial evaporators and heat exchangers 
seldom show heat transfer caeflicients as high as these, the important effect of scale 
is illustrated. 

If the tubes become covered with scale, their heat conductivity is F a t l y  
reduced and the capacity of the evaporaton is lessened. There are certain salts 
which are forced out of solution as the juice is concentrated. A further requirement 
for a true scale-forming substance is that its solubility decreases with increasing 
temperature. As the juice thickens in the evaporators, some of the substances 
deposit on the tubes, producing a h e a t h d a t i n g  scale. The rate of scale formation 
can be minimized by proper treatment of the juice in carbonation and sulfitation 
before it enters the evaporators. 

Scale is usually of such a nature that dilute hydrochloric acid alone will not 
dissolve it, and so the ordinary procedure is to boil first with a solution of soda ash 
and caustic soda, which changes the nature of the scale so that acid will attack it, 
and then to boil with the acid. In some cases ammonium bifluoride [NHIHF~J  has 
been used. Boiling out is usually accomplished without shutting dawn the 
evaporators. The juice is bypassed around the body which is to bc cleaned and the 
body emptied. The soda solution is introduced and boiled the soda is drained out, 
and the acid introduced and boiled. In this procedure the hoilout solution must be 
boiled at the same rate and at the same temperature as the juice it displaced. As 
high-pressure evaporators have come into use, such a procedure causes difliculty 
because of the high boilout temperatures required, which cause a portion of the acid 
to vaporize and enter the vapor system. To overcome this problem, vapor bypasses 
Can be installed 80 that any body can be isolated. Arrangements can then be made to 
boil out at any desired temperature and rate. Much better boilauts result. 
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Deposits on the steam side ofthe tubes are not ordinarily important. However, 
any such deposits should not be overlooked ifan evaporator is not performing up to 
capacity. 

It is desirable to have a measurement of the capacity of each evaporator effect. 
This will indicate: the proper times to boil out; operations that cause rapid scale for- 
mation; the value of scale preventatives: and the thoroughness of each boilout. A 
good measure of capacity can be obtained by charting each day the difference in 
temperature between the steam side and the juice side of each effect. 

Tube  Composition 
Different metals conduct heat at different rates. The rate of conduction is 

usually expressed in the units Btu/(ft) (sq ft) ( O F )  Pr). The rates of heat conduction 
or thermal conductivities for several metals follow: silver 243, copper 222, 
aluminum 118, red brass 89, Admiralty brass 65, yellow brass 63, mild steel 35, 
302 stainless steel 17. 

A metal tube wall normally offers only a small portion of the total resistance 
to the flow of heat from the steam side of an evaporator to the juice side. Conse- 
quently, the type of tube metal used is usually of minor consequence for the overall 
coefficient ofheat transfer. For example, if an evaporator has 1.25 in. od steel tubes, 
0.14 in. thick, obtaining an overall coefficient ofheat transfer of 207 Btu/(sq ft) (OF) 
(hr), and a change is made to copper tubes only 0.067 in. thick, the overall coeffi- 
cient will be increased to 22 I Btu/(sq ft) ( O F )  (hr). The influence that a tube metal 
has on the overall coCflicicnt increases as the overall coefficient increases, so with 
very high overall cocfficicnts tube metals can be imponant. 

Corrosion is another factor dependent in some cases on the typc of tube metal 
used. Copper is attacked by ammonia, and steel will N S ~ .  Bimetallic tubes are 
sometimes used to counteract corrosion. The products of corrosion are often much 
like scale and similarly retard heat transfer. 

In applications where it is necessary to clean tubes mechanically, the tube 
metals should be suitable for this operation. 

The rate of heat transfer in evaporators of the horizontal tube and calandria 
type is a function ofthe celerity with which the steam bubbles leave the heating sur. 
faces and are removed from the juice. The level of the juice in the evaporator is im- 
portant in this regard, as the lower the level, the quicker the bubbles are removed. 
This explains the fact that it has been found advisable in these types of evaporators 
to keep the juice level inside a body just over the tops of the tubes for maximum 
capacity. 

The gauge glass on the body docs not show the vue height of the boiling juice, 
which is expanded and raised by the steam bubbles. If the juice should cease boiling 
and the bubbles subside, the level inside would comspond approximately with the 
lcvcl shown on the gauge glass. It is advan tapus  to run a few tests to fmd the op- 
timum juice level for maximum capacity because the general NIC given here is 
modified by the specific design. 

not subject to hydmstatic head except in 
the rising film version where juice mters a body below boiling temperature. 

Long tube film-typc evaporators 

Juice Visar i ty  
The rate of heat transfer is dependent to a high dcgrrt on the viscosity of the 

juice, bccausc a more viscous juice is less easily pcncuavd by steam bubbles. 
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Viscosity increases with increasing concentration and with decreasing temperature. 
Since both these changes occur with forward feed as the juice passes from one 
evaporator body to the next. the juice becomes more viscous, and the rate of heat 
transfer decreases in the later effects. Note that in a backward fed evaporator the ef- 
fects of concentration and temperature on viscosity operate in opposite directions 

Temperature Difference 
When the temperature difference increases between the steam or vapor used 

for heating and the juice to be heated, the amount of heat transmitted increases and 
consequently the amount of evaporation. This statement is only true, of course, 
when there is no change in other factors. Increased temperature difference means 
there will he more steam bubbles rising and consequently greater circulation in the 
evaporator effect. This will increase the overall coefficient of heat transfer. 

It is well to point out that the overall coefficient of heat transfer is markedly 
influenced by circulation. Circulation, in turn, is almost entirely determined by 
whether or not forced circulation is used and many of the  factors under discussion. 

Boiling Point  Temperature. The higher the boiling point temperature, the 
lower the viscosity and the better the circulation and the overall coefficient of heat 
transfer. 

Laboratory and pilot plant experiments have 
shown remarkable increases in the overall coefficient of heat transfer by the addi- 
tion, to the evaporator feed, of very small amounts of wetting agents or materials 
which reduce the surface tension. The main difficulty in the beet-sugar industry is to 
fmd one that is nontoxic, that is not too costly, and that will not distill over into the 
condensate to cause trouble in the boilers. 

Several other quite minor factors affect the overall coefi- 
cient of heat transfer. Some of these are pH ofjuice, density of steam or vapor, den- 
sity of juice, condensate temperature, and thermal conductivity of the liquid. 

A water solution such as beet juice boils at a 
higher temperature than pure water. The increase in the boiling point over that of 
pure water is called boiling-point elevation, or boiling point rirc. The boiling point 
elevation varies with the concentration of the juice or syrup, its purity and the 
pressure under which thc juice is boiling (12,14). 

It has been proved experimentally and in practice that vapor leaves the boiling 
juice at the temperature of the juice, This means that the vapor leaves the juice 
slightly superheated by the amount of boiling-point rise. This small amount of 
superheat is quickly eliminated by radiation or upon entering the next evaporator ef- 
fect. 

The total tcmpcrature drop across a set of evaporators is equal to the sum of 
the temperature drops across the heating surfaces, plus the sum of the boilingpoint 
elevations. That boiling-point elevations absorb some of the total temperature drop, 
is demonstrated in the following example: A particularjuice boiling at I93 'F. has a 
bailing-point elevation of 2.2'F. Hence, the vapor from this juice will be 
superheated by the boiling-point elevation of 2.2 "F. This vapor at 193 "F upon 
cntcring the steam chest of the next effect. immediately loses its superheat and 
becomes saturated at 190.8'F. Hence, this vapor chest bas a temperature of 
190.8'F rather than the juice temperature of the preceding effect at 193°F. and 
2.2 'F is lost, in that it is not available as a driving force for evaporation, although 
the energy released contributes to the evaporation. 

Surface Tenaion of Juice. 

Other Factors. 

Boiling Point  Elevation. 
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When dry, saturated steam is throttled it becomes superheated. If vapor is 
throttled between evaporator effects by a valve, by too small a pipeline, or any other 
restriction, it becomes superheated. and evaporator capacity is lost in a manner 
similar to that due to boiling-point elevation. It is desirable to have vapor lines of 
adequate size. 

Total or Overall Temperature  Difference. The difference in temperature 
between the condensing steam in the first effect and the vapor from the last effect is 
defined as the “total temperature difference.” if this difference is increased in any  
way, as by increasing the first-effect steam pressure, or by reducing the pressure of 
the final effect vapor, the capacity of the evaporator will be increased. 

All beet-sugar factories have a limit on the pressure of the steam entering the 
first effect, which is set by the physical limitations of the equipment installed and 
cannot be exceeded. Some of these physical limitations are: the maximum-allowable 
back pressure, or exhaust pressure ofthe turbines; the maximum-allowable pressure 
on the first-effect steam chest; and the maximum-allowable pressure in the first- 
effect vapor dome. If none of these physical limitations has been reached it still may 
not be economical to raise the exhaust steam pressure, if by so doing the steam 
(water) rate on the turbines is increased to such an extent that excess exhaust steam 
is produced which must be relieved to the amosphere. Pressure and temperature of 
the vapor leaving the last effect are governed by the condenser and noncondensable- 
removing apparatus. 

The best operation from the standpoint of fuel economy maintains the 
pressure in the first-effect steam chest at a maximum. and regulates the fmal vapor 
pressure in accordance with the vapor capacity desired. This method of operation 
has two objectives: it keeps the vapor pressures at a maximum, thus benefiting pro- 
cess heating; and it keeps the thick juice leaving the last effect at a maximum 
temperature, thus reducing the amount of thick juice heating necessary. It should 
not be forgotten that higher temperatures increase the rate of sucrose destruction. 
Increased detention time also will increase the amount of sucrose destruction. For 
these reasons many high temperature evaporators are designed to retain the juice at 
higher temperatures for only a very short period of time. 

Another method of increasing the total temperature drop, and hence the 
capacity o f a  set ofevaporators, is to superimpose a new high-pressure first effect on 
an existing set of evaporators. Sometimes, in so doing, it is necessary to rearrange 
the old bodies or perhaps to discard one of them. 

Still another method of increasing evaporator capacity is to install a stcam-jet 
thennocampressor. These machines take live steam that would otherwise be bled in- 
to the exhaust steam system by entrainment. This reduces some of the intermediate 
vapor prcssures and thus increases evaporator capacity. They also increase 
evaporator economy and reduce one or more of the vapor pressures. unless they are 
installed to compress vapor going to the condenser. Thermocamprcssors can be in 
the form of steam jet pumps or centrifugal compressors driven by steam turbines or 
electric motors. 

Sugar losses in the evaporators should be small. Loss by decomposition can be 
minimized by short retention time, low temperatures, and proper processing of thin 
juices. Entrainment loss rcsults fiom particles of juice being carried over 
mechanically with the vapors; it is aided by high juice levels and foaming. To pre- 
vent this, bamcs. catchalls, and demisters M installed to separate the juice particles 
from the vapor, and the juice should be kept at the c o m a  level. Where foaming oc- 
CUTS. a nontoxic foam breaker can be added. 

I 
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Fuel and Energy Economy 
As with most commodities the cost of fuel and energy has been rising for many 

years. However, in the paot several years fuel and energy costs have undergone ma- 
jor increases. Future prospects point to further major increases. Thus fuel and 
energy usage in the beetwgar factory has become even more important than before. 

Fuel economy in a sugar factory depends upon a great many factors, such as 
the eficiency of the boiler house; the proper balance of steam used in turbines with 
respect to power requirements and exhaust steam requirements; the amount of 
water used for sugar extraction in the diffuser; the amount of filter wash water; the 
dilution of massecuites and SYNPS and the amount of reboiling done in the sugar 
end; the manner and extent of vapor usage from the evaporators; the amount of 
molasses dilution in the Stcffen process to produce molasses solution; and the in- 
herent quality of the beets. 

Fuel economy can he measured by several standards or units, None of these 
standards is a perfect criterion. Some of the standards in use are a) weight of fuel to 
boilers, percent on beets sliced; b) weight of fuel to boilers, percent on sugar produc- 
ed; c) weight of steam from boilers, percent on beets sliced; d) weight of steam from 
boilers, percent on sugar produced; e) Btu in fuel to boilers, per ton of beets sliced; 
r) Btu in fuel to boilers, per bag of sugar produced. 

The first two of these standards would he satisfactory if every beet-sugar fac- 
tory used exactly the same fuel. As it is, beet-sugar factories use a variety of fuels, 
such as coal, oil and natural gas so the fuel weights are not at all comparable, Fur- 
thermore, the heating value of any one fuel such as coal will vary widely from fac- 

Standards c) and d) would be satisfactory if every beet-sugar factory boiler pro- 
duced steam at identical pressures and temperatures and every boiler had the same 
efficiency. 

The last two standards, e) and f) have none of the disadvantages outlined for 
UBL U S .  f w x  stmdards. These standards have h e n  coming into more general use. 
One of the two, I) is the more valuable because it refers to the product, and because 
it reduces inconsistencies caused by changes in sugar content of the beets, Stefi.cn or 
non-Steffen operations, etc. The eficiency of the boiler house is treated in Chapter 
xx. 

It is important to maintain the proper balance between live steam usage in the 
prime movers, power needs, and steam requirements for the process. The turbines 
should produce suficient power for the factory, hut in so doing should not produce 
more exhaust steam than the factory demand. T o  achieve a satisfactory balance one 
or more of the following can he done: live steam pmsure, or boiler pressure, can be 
increased; live steam users, such as coil vacuum pans, can be changed to exhaust 
steam users, such as calandria pans and exhaust steam pressure can be reduced. 
This will likely require more invesrment in larger evaporaton and more eficient or 
lower water rate turbines. A corollary here is to use an electric motor rather than a 
small turbine having a very high water rate. 

The inherent quality of the beets influences fuel economy, and the operator 
has no control over this factor. For example, an increase from 17 to la% sugar in 
beets will reduce the fuel requirement a b u t  25 000 Btu per bag of sugar produced. 

The manner and extent of vapor usage from the evaporators is extremely im- 
portant. The beet-sugar industry discovered and developed long ago the principles 
of multiple-effect evaporation and the economy resulting from v a p r  heating. Four 
general principles to be followed for maximum fuel economy may be stated: 

tory to factory. 

.Le c_ . 
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I )  Expand all high pressure steam from the boilers to exhaust steam pressure. 
either through turbines, which is preferable, or through reducing valves. All other 
uses of live steam, such as in vacuum pans, heaters, and Steam injectors, should be 
eliminated. A number of factories have achieved almost complete conformance to 
this principle. 

2) Use all exhaust steam in the first-effect evaporator. All other uses ofexhaust 
steam such as in vacuum pans and heaters, except far the final thin-juice heater, 
should be eliminated. This has been practically realized by several factories. 

3) Do all possible evaporation in the evaporators to reduce the load in vacuum 
pans, and in juice boilers to a minimum. Concentrators is an an expedient and a 
half measure because they are not as economical in fuel as the multiple-effect 
evaporator. In other words, control the thick juice densities so that the optimum 
standard liquor density will be obtained, Many factories achieve this. 

4) For all factory heating, such as vacuum pans, heaters, and melters, with the 
exception discussed below, use the lowest pressure vapor possible. This is the vapor 
from the last effect. As yet no scheme has been devised whereby all heating or even 
a large portion of the heating can be done by the last vapor because it has a low 
temperature level. Also a theoretical consideration enters to modify this principle. 
The evaporator feed in a forward-fed evaporator, for maximum fuel economy, 
should theoretically be heated in a series of heaters; the first heater in the series be- 
ing on the last vapor and the last heater in the series being on first vapor. 

In practice this is adhered to rather well. For example, with a quintuple-effect 
evaporator. diffusion juice may he heated with fourth vapor and then third vapor, 
juice after carbonation with second vapor, and thin juice on its way to the first cffcct 
with second vapor and then with f is t  vapor. It is evident that this exception to the 
general principle OCCUIS when the evaporator feed temperature is lower than the first 
vapor temperature. 

The above four principles have been evolved from the fact that one pound of 
steam from the boiler may be used as many as seven times; in the steam turbine, first 
effect, second effect, third effect, fourth effect, fifth effect, and a heat exchanger on 
the fifth effect vapor ahead of the condenser. Of course, it is not feasible to use all 
steam from the boiler seven t i ies ,  but it follows that the more times it is used the 
more work will be obtained from each pound of boiler steam and hence the greater 
the fuel economy that will be achieved. 

The extent to which these four principles can be applied by an operator is 
limited by the equipment he has at hand. It is the operator's job to use this equip- 
ment to the best possible advantage. In doing so it will probably be necessary for 
him to strike a balance between capacity and fuel economy, and to end up with 
neither maximum capacity nor maximum economy. To accurately calculate any 
fuel saving, complete heat balances should be made. In many cams it is possible to 
use approximate formulas and calculations. 

The difference in fuel costs between using live steam and exhaust steam 
depends upon the respective properties of the two steams. This difference in cost is 
usually quite small. 

When a process water heater is changed from exhaust steam to a vapor, the 
reduction in exhaust steam usage can be approximately calculated by the formula: 

! 
i 

s = Y Q  
N 

where S is the exhaust steam saving, V is the kind of vapor proposed (for third 
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vapor, V = 3, etc.). N is the number of evaporator effects in use, and Qis the quan- 
tity of exhaust steam or vapor usage in the beater. For example: If a beater con- 
denses 1000 pounds of exhaust steam per hour, what would be the exhaust steam 
saving if the heater was placed on first vapor from a quintupleeffect evaporator? 
Third vapor? Exhaust steam saving with first vapor = 115 x 1000 = 200 pounds of 
exhaust steam per hour. Exhaust steam saving with third vapor = 315 x 1000 = 
600 pounds of exhaust steam per hour. 

This formula can be deduced as follows: If the heater in the above problem is 
changd from exhaust steam to first vapor, it will still take 1000 pounds of steam an 
hour, only it will be 1000 pounds of first vapor rather than 1000 pounds of exhaust 
steam. This 1000 pounds of first vapor will require 1000 pounds of additional ex. 
haust steam to enter the first-effect evaporator and will there evaporate 1000 pounds 
of water from the first-eNect juice. However. the overall amount of water to he 
evaporated from the juice will remain constant, the original exhaust Steam to the 
first-eNect will have to be reduced by the amount equivalent to 1000 pounds of 
evaporation, and since this original exhaust steam is giving five pounds of evapora- 
tion for each pound entering the first eNect, the original exhaust steam will be 
reduced 115 of 1000 or 200 pounds per hour. So there is a saving of 1000 pounds of 
exhaust steam to the heater and 200 pounds of exhaust steam to the evaporators, 
and a further cost of 1000 pounds more exhaust steam to the evaporators: giving a 
net saving of 200 pounds of exhaust steam per hour. This exhaust steam saving can 
easily be converted into fuel saved and then evaluated as money saved. 

Although the overall use of exhaust steam in the factory was decreased 200 
pounds per hour in the above example, nevertheless the exhaust stcam to the 
evaporators was increased 800 pounds per hour. This illustrates the gxater load 
that vapor heating places on the first few evaporator effects and means that these 
must now be larger than the latter eNects. 

So that these four principles of fuel economy can be put into greater effect, a 
grdna! c k q e  ia taki-g p ! ~ ;  in the bee:-sngu indwtry. S t e z r  and sapor press~res 
are being increased, and apparatus design is changing to allow the use of evaporator 
vapors in place of exhaust or live steam in heaters and pans. 

Calandria-type vacuum pans are replacing coil pans because calandria 
vacuum pans can operate on much lower steam pressures than coil pans. Closed 
heaters are being substituted for open injection heaters because a closed heater will 
operate on a lower vapor pressure and because a closed beater prevents the conden. 
sate from diluting the sugar liquor. Also the recovered condensate is valuable for its 
heat content and purity. Furthermore, some waste heat is being regained from Stef- 
fen waste and condensate. Thermocompressors are being used, difiuser draft is be- 
ing reduced by better diNusers, the amount of filter wash water is bcing reduced, 
and modem centrifugals require less wash water. 

In order to raise the vapor pressures so that equipment can be operated with 
vapor of a lower order and a fuel saving effected, either the exhaust stcam pressure 
must be raised or the size of the evaporators be increascd, or both. When the ex- 
haust steam pressure is raised the live steam pressure must be raised, in turn. This 
will reduce the stcam rate of the turbines so that the exhaust stcam production can 
be maintained lower than the demand. 

With vapor instead of exhaust steam heating on batch users such as vacuum 
pans, it is highly desirable to integrate the operation of the pans and evaporators 
because large changes in vapor withdrawals from the evaporator will change its 
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capacity. By installing two pans on each boiling, and with simple scheduling, 
datively uniform vapor withdrawals can be obtained. 

Bypawing of Steam or Vapor in Evaporators 
In many evaporator installations it is necessary that provision be made to com- 

pletely isolate any evaporator body so that repairs, such as retubing. may be done 
without shutting dawn all the evaporator bodies and consequently the factory. The 
vapor piping arrangement necessary to effect the isolation of an evaporator body 
from steam or vapor will very probably be equivalent to a bypass between the vapor 
chest and the vapor dome of the evaporator body. Consider a third effect evaporator 
having one body. The vapor chest contains second vapor from the second effect and 
the dome contains third vapor on its way to the fourth-effect vapor chest. T o  isolate 
this body second vapor must be sent to the fourthdTect vapor chest. In effect, this is 
bypassing second vapor to third vapor. 

Table 11.1 Throxtirsl Material Balance 
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With the third body in operation what happens when second vapor is bled into 
third vapor through the bypass valve or through leaky evaporator tubes? It has 
previously been pointed out that with a quintuple-eNect evaporator. any steam 
bypassed does only about 415 the normal amount ofwork. Bypassing stcam does not 
alter the amount of work to be done, so for every five pounds of steam bypassed the 
evaporators must be given an extra pound of exhaust steam, and, in turn, the boilers 
must generate an extra pound of steam, which takes more fuel. 

With these considerations in mind it can be seen that if second vapor is by- 
passed into third vapor the load on the third eNect will be reduced while the load on 
all other effects will be increased. This means that the first and second vapor 
temperatures and pressures will be reduced and that the third and fourth vapor 
temperatures and pressures will be increased. The evaporator capacity change is a 
complicated and particular problem for each case in each factory. Usually, but not 
always, the evaporator capacity will be reduced. 

Bypassing in any form is expensive practice, although at times it may be thc 
lesser of two evils. 

Evaporator Calculations 
It is fortunate that the practical theory of evaporators is rather completely 

developed, and can be used accurately as a practical basis of operation. Evaporators 
can be subjected to almost exact calculations which can bc used to locate the weak 
points in any installation, paint out the improvements that can be made, and show 
how much these improvements are worth in dollars and cents. 

A theoretical material balance, a theoretical overall heat balance, and a 
theoretical evaporator heat balance for a modem beet-sugar factory are given in 
Tables 11.1, 11-2, and 11-3. These balances illustrate in detail the manner in which 
economy can be obtained. 

(3) 
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Capter XI1 

CRYSTALLIZATION * 

A Driving Force 
An earthen kettle with a wood fire below, a long handled, wooden ladle, and 

great patience have heen the tools of some boilers of sugar (191a. 303a). 
A controlled papulation, salt-out seed continuously flowing into a multi- 

compartment, forced circulation. continuous crystallizing pan, heated with an 
economical third vapor, and fed with a regulated purity and constant high density 
syrup, all at steady rates and steady equilibrium states, are the tools of other sugar 
boilers. 

This range of crystallizing capability is indeed the result of dissatisfaction and 
ingenuity of skilled sugar boilers, engineers, and researchers in all parts of the 
world. 

Bit by hit, hatch-boiling systems have been perfected to yield more uniforni, 
reproducible crystal crops. A basic technology has evolved. A better understanding 
ofthe fundamental chemistry of condensed systems is, however, essential to the con- 
tinued improvement of hatch crystallization and more particularly of continuous 
crystallization. 

The impact of fuel cnsts has imposed a new economic philosophy in all in- 
dustries. Much progress has been made ( 7 5 4 ,  hut still more is needed. Fortunately, 
a new technology in sugar crystallization has been slowly evolving-continuous 
sugar boiling. With a steady process flow. the heat flow is smoothed. With impend- 
ing equipment design, continuous crystallization becomes a means for significant 
fuel savings. 

A treatment of continuous crystallization thcory and practice has been hlend- 
ed into the following descriptions of hatch technology in generous measure. 

EnergcticsMacro and Micro 
Chemical change in a condensed system is possible ifit results in a new S~TUC-  

ture of lower energy than the original structure. 
Our boiler of sugar with the open pot and wood fire knew that if he boiled and 

evaporated long enough. crystals would suddenly appear; and with a little more 
slow boiling, these crystals would grow to a useful size. 

Without realizing it. our sugar boiler had surmounted an energy harrier in the 
syrup, which led to the formation of crystal structure having a lower energy level, 
Figurn 12.1 and Figure 12-25. 

In many research laboratories. skilled investigators have been able to deter- 
mine these respective energy levels under a variety ofmacro conditions. In these and 
other laboratories, the nature of the chemical hand, along with the rapidly fluc- 
tuating thermal energy conditions, and the wide variance in degree of energy fluc- 
tuations evident in each of the molecular and ionic species present, has been ex- 
plored in the micro sense and, in pan,  has been defined. 

* by G.W. Cossairt 
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Figure 12-1. Energy barrier iurmounted in 
boiling.togrrin. The energy 1-1 in the final 
crpatals ia at s ai nificanily lower 1e.d than in 
the uturrtrd m h m .  
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While our sugar boiler sees a gently boiling pot of syrup, our inquisitive, prob- 
ing, crystal chemistry investigators open the door for all to see an amazingly active, 
dynamic equilibrium in this molecular soup: the genesis of nucleation and growth of 

To better appreciate the contributions of the molecular activity of the solute, 
the solvent, and of the interfcring impurities. they will now be examined individual- 
ly and then collectively. 

crystals. 

Properties of Solute and Solvent 
Crystal Chemistry. Initial chemical studies define sucrose as C12HxOn. 

Structural chemists resolve the molecule into two-dimensional structural groupings, 
as notcd in Figure 2.9 (left), to help identify locations of functional groups. The 
energetics of reactions require the introduction of the third dimension [Figure 2-9 

Many of the properties of solids and solutions are dependent on the individual 
molecular configurations. A space model (316) has been beneficial in giving a 
clearer visualization of the molecule of sucrose (Figure 12-2). This style of 
molecular representation stresses the space occupied by each atom, 

The "fit" of molecules, one beside another. establishes many of the properties 
and the shape of the crystalline solid. The determination of inorganic molecule fit 

(ri8ht)l. 
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was among the earliest of the many successful X-ray diffraction studies. Organic 
molecular crystal studies were much more difiicult. Neutron diffraction studies 
(30,43) have since provided a rather precise location of sucrose molecules in the 
crystal Structure (Figure 12-3). In this instance, the ball-and-stick method of illustra- 
tion permits stress of bonding angles and interatomic distances. 

Crystal Systems. As an aid to the understanding of crystallization, a brief 
review of crystal systems is given. There are many excellent references in the 
literature.' 

Crystals occupy space which can be identified by the plane surfaces enclosing 
them. A simple three-axis system is useful to identify each plane. Seven basic crystal 
systems have been established. 

Cubic and monoclinic systems and a typical sucrosc crystal are illustrated in 
Figure 12-4. While the right-hand pcripective is normally used, some authors prefer 
the left-hand perspective when considering sucrose, as the -B end usually exhibits 
the greater number of faces (406). 

The shape of the geometrical unit representing the crystal system is a reflec- 
tion of the shape of the ionic or molecular "building block." For sodium chloride 
this unit is cubic and is ionic in nature. The unit for sucrose is monoclinic and 
molecular in nature. For simplicity of illustration, cubic "units" will be used in 
development of most of the concepts in this chapter. 

The crystal lattice can he considered as an orderly grouping of the building 
blocks into a three-dimensional array. As an example, Figure 12-4(b) suggests a sim- 
ple cubic arrangement. Modification of the basic cubic stacking of lattice units will 
yield new planes of crystal surface, as shown by the heavy dotted lines of the other 
array8 in Figure 12-23. 
- 
See refs (249, 276, 383, 405) 
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Figure 124. Monalinic spwm of SYCIOT. 

If it is kept in mind that these building blocks are in the one-to-ten range, 
the molecular roughness will have no significance in the rnacrorcopic consideration 
of the surface, and it will appear as smooth as any of the prime cubic faces. 

In the study of the influence of various impurities upon the shape or mor- 
phology of product crystals and upon the nature ofthe inhibition ofgrowth rates on 
the various crystal faces (213a, 343.3, 188a), a positive identification of those faces 
is by Miller indices, 

A tabulation of probable faces is contained in "Atlas of Sugar Crystals," 
(404), Bureau of Standards Circular C-440 (la),  the text of Honig (284). and a 
private publication of Powers (288). Bloss (35a) provides a detailed description of 
crystal geometry and of Miller indices. 

Crystal S t u d i a .  For those interested in the artistry of crystals, 
crystallography has provided an organized hasis for better undertstanding (9 1,283). 
Recently visual observations have been enhanced by still and lapsed-time 
photography, through the microscope (285). For an introduction to this avenue of 
study. the suggestions of Powers are recommended (279,288). 

X-ray diffraction provided the initial tool for crystal structure determination.' 
X-ray studies have been limited, however, as only carbon and oxygen atoms of 
sucrose could be identified spacewise. with certainty. The newer tools, including 
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neutron diffraction (3 I ) ,  have permitted more refined S ~ N C ~ U K  studies including 
quite precise location of the hydrogen atoms. Electronic images with a resolution of 
3.41( have been achieved with improved scanning electron microscope techniques 
(179, 258, 271). These "micro-micro" studies have been quite productive. 

Water, the Solvent. The behavior of water has been noted earlier with various 
impurities and their removal. In the beet end of the factory. there are relatively 
dilute solutions in which chemical rejection is the major mechanism of impurity 
removal. In this environment, the ratio of water molecules to sucrose molecules is 
quite high. 

In sugar crystallization, the same properties of water are again important in 
the final "squeezing out" and rejection of impurities. The dipole and hydrogen 
bonding attractive and orientative forces present between water and sucrosc, and 
between sucrose and sucrose molecules, make water a particularly fitting solvent in 
sucrose purification. The solvent capabilities of water and its thermodynamic prop- 
erties are defined by its molecular structure (216) (se t  pp. 159, 160). Ita unsym- 
metrical shape is illustrated in Figure 12-5. 

- - x- 

S t l c k  Model S p a c e  H o d e l  

An overlap of atoms is noted in the space-occupying model. tp ica l  of covalent 
bonding. However, as with an ionic bonding, the electrons are shared unequally. 
This unequal distribution of charges produces a dipole or polar molecule. 

Part of water's unusual success as a solvent lies in association and attraction 
pm@a through the -0- - H - 0 -  hydrogen bonding (21 7,262). Just a# hvo water 
molecules, if properly oriented, will bond together, a third, fourth, and more 
molecules can bond together as a chain, a branched chain. a looped chain, and as a 
three-dimensional cluster (IC, 81). 

The banding of the first pair is more dificult as compared to the second and 
additional hydrogen bonds. As a consequence, once a few molecules have bonded, 
the formation of large clusters becomes easy, Fig. 12-6. A subsequent energy pulsa 
tion in that micro volume o f  water probably will cause the clusters to hrcak up. As 
these energy pulsations are localized and random, while one cluster is breaking 
apart, other clusters are farming. Dielectric studies suggest a short life span for such 
clusters - I O - l Q  second - thus the term "flickering clusters." These clusters may be 
50 to 100 molecules in size and may endure as many as 1,000 fluctuations before 
breaking up. 



376 BEET.SUGAU TECHNOLOGY 

Although the micro structure is one of fluctuations, the macro properties 
reflect stability and average values of energy. consistent with bond-making and 
bond-breaking. 

Molecules in a liquid are separated ahout 10% as compared to the locations of 
molecules in a crystal. This minor amount of looseness imposes a constraint on 
molecular movement. Surrounding molecules create a restraint or a soluenl cage e$ 
fed. Fig. 12-7a. 

The vibrating molecules bounce against one another (statistical probability of 
about 150 times during that 10-'0 sec interval) until there is an instantaneous 
energy sufficient to break through and escape into another cage. The activation 
energy of diNusion has been exceeded and an escape or molecular jump occurs. Fig. 
12-7b becomes a theoretical model for viscous flow (IC). 

The frequency ofjumps is related to temperature through the Boltzman func- 
tion. In a solution at na t ,  the jump will bc random in dircction, Fig. 12-7c. With Liq- 
uid in mechanical or chemical stress, the jumps will bc more frequent in the direc- 
tion of stress for a net directional diffusion. 

The mechanisms of both diNusion and viscosity are directly attributable to the 
liquid structure. One also can sense the fluctuating nature of bondine with solute 
molecules. 

Impurities. The influences of nonsucroses in the sugar-end syrups become 
evident all through the boiling and crystallization systems. Fluid properties, 
crystallization kinetics, and final product quality are all affected. 

Various investigators' have demonstrated the variance in factory juice quality 
as related to growing area, cultural practices, and climatic conditions. 

Beet-end processes eliminate many nonsucroses, hut they have their physico- 
chemical limitations. Fortunately, crystallization is also an impurity-rejection 
mechanism. Unfortunately, those same soluble impurities affect the ease or difficul- 
ty of crystallization of an acceptable product (213h). 

Resonant destruction moieties, alkali ions, neutral amino bases, spoilage 
substances characterized by dextran and weak acid anions are among the non- 

'(Snrefs. (51 ,  224a, 254a, 328, 409a, 411c) 
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sucroses affecting such solution properties as viscosity, solubility, conductance, 
nucleation kinetics. growth inhibition, crystal habit. crystal color, and others. 

Solution P rope r t i a  
Solution Structure. The structural formula of sucrose. Fig. 12-8, shows the 

eight cationic sites for hydrogen-bond attachment. Allen (Sa) reports that three of 
the sites become internal or intramolecular and five are exposed sites for attachment 
to other molecules. 

Surrounding the solute molecules in solution, the polar water molecules will 
associate or hydrogen bond to the exposed sites of these sucrose molecules. A 
typical site and two bonding possibilities are shown in Fig. 12-8 a); chains of suc- 
cessive water molecules and b) a nonrepeating bonding. 

This water sheath contributes to the structure of the solvent.solute system. 
Just as in the water system, localized energy fluctuations will affect the extent of the 
chain formation, its breakup, and re-exposure of the primary cationic sites. 

Below 30% sucrose concentration, the system is reported' to be a water struc. 
ture, reenforced by the presence of hydrated sucrose molecules. 

! 

'See refs. (2 I5b.32 I,322,323,410) 
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Figure 118. Typical bonding dies ex& LO a h l i o n  for hydrogen bonding: 

c h i n  or )heath. 
A) Wamrilcoholic h y d m q l  #ingle hidmgen bondin6 hmring pmhahiliv of extendcd rater 

a) Wslerrkoholic hydroxyl dovblr bonded, having l o x  probability of cxsruion. 
C) Impmp,l aIcohol--.Loholic hydro=yl to aLoholic.h,droxyl b T d w n  boodingforming. 

"rsierpnaP. shuth. I A f m  A l k n  (84 B m m  and LNy (43h end Mok ond Kelly (Z&)) 

If the sites are filled with the nonrepeating. double-bonded configurations. 
Fig. 12~8b. the sucrose molecule and its associated water molecules become a more 
defined structure within the solvent. 

As the ratio of solvent to solute is modified. the number of "free" water 
molecules decreases until still further evaporation leads to a reduction of the 
number of water molecules "bonded" to each sucrose molecule. The macro proper- 
ties ofthe fluid change. The fluid structure is more resistant to shear, thus viscosity 
increases. The  solution vapor pressure is lowered, thus the solution bailin!: point is 
raised @oiling point rise, bpr). The refractive index of the solution increases. 
These fluid properties are all useful for understanding and manipulating the 
rytallhaticr? pncess. 

Solubility. Solubility is an equilibrium mechanism. Molecules must he held 
in rather rigid locations in the lattice. Freedom to wander would destroy the lattice 
structure. Two opposing forces are in operation: a) the attractive farces between the 
molecules and b) the thermal energy of the molecules themselves. 

In a solution, the water molecules surround the crystal lattice. The crystal lat- 
tice bonds are the result of sucrose-sucrose dipole and hydrogen-bond attractions. 
Water is also a dipole and has hydrogen-bond attraction. The  relative values of 
these two forces determine crystal growth or crystal dissolution. 

Not all hydrogen-bond attractions are of the same magnitude. There is 
evidence (Sa) that hydrogen hands between alcohol hydroxyl groups and water are 
stronger than between alcohol-alcohol and between water-water complexes. 

Obviously, a multitude of interactions are at work. However, some conclu- 
sions can he drawn to bring a macro sense of order. In  the solution, the relative  con^ 

centration of solvent will identify the relative sucrose bonding potential of the liquid 
phase as compared to the sucrose bonding potential of the lattice. Localized system 
fluctuations shift the magnitude of the two potentials such that same sucrose 
molecules find a more energetically favorable "home" in the solution. while in 
other micro locations. the more energetically favorable "home" is in the lattice. 
When the "escape" and "capture" rates in the micro sense are in equilibrium. the 
solutinn is defined as saturated. 
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This is an equilibrium obviously in the presence of an excess ofsalute. As the 
system temperature directly influences the vibrational energies of the molecules, the 
solubility equilibrium changes for each temperature change ofthe system. Tables of 
solubility at various temperatures are a basic tool for crystallization studies. 

Agitation of a surplus of crystals in water solvent at a convolled temperature 
for a fixed period of time will establish equilibrium of the various force energies and 
will thus permit the determination of sucrose solubility in water (188). 

A similar procedure using molasses (224a) or a process syrup is the basis for 
determining the sucrose solubility in an impure solution. 

The Herzfeld (1892) values of solubility of pure sucrose in water were general- 
ly accepted for many years (21). Grut's tables of solubilities (65, 13th) at various 
purities for beet syrups have been convenient and representative ofplant operations 
in many locations. Refer to Appendix for the Grut tables. 

Through statistical analysis of the available data of many investigators, 
Vavrinecr (408) prepared new tables of solubility ICUMSA (1974)  tentatively 

Table 12-1. S u c m r  Solubility in Water 
Valucs 01 VarMcn lor the solubility o l i v r r o v  in pure wakzr. Tmradrrly approved by ICUMSA (177.). 

. _  I . Y  .I 1 

- 4  178.89 31 217.07 66  309.66 
- 3  179.44 32 218.82 67 313.43 
- 2  180.03 33 220.62 68  317.27 
- 1  

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I I  
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1  
22 

180.64 
181.27 
181.93 
182.62 
183.35 
184.11 
184.89 
185.70 
186.54 
187.41 
188.32 
189.26 
190.23 
191.23 
192.27 
193.33 
194.44 
195.58 
196.75 
197.95 
199.19 
200.47 
201.79 
203.13 

34 
8 5  
36  
37 
38  
39 
4 0  
41  
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56  
57 

222.46 
224.36 
226.29 
228.27 
230.28 
232.37 
234.50 
236.68 
238.90 
241.18 
243.50 
245.89 
248.32 
250.82 
253.37 
255.97 
258.63 
261.34 
264.1 I 
266.96 
269.86 
272.81 
275.84 
278.92 

69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80  
81 
82 
83 
84  
85 
86 
87 
88 
89 
90  
91 
92 .. ~~ 

23 204.52 58  282.07 93 
24 205.94 59 285.28 94 
25 207.43 6 0  288.56 95 
26 208.93 61 291.90 96 
27 210.47 62 295.32 97 
28 212.06 63 298.82 98  
29 213.68 64  302.36 99 
30  215.35 65 305.96 IO0 467.34 

z = w.m* .YCrn,C pIT 100 -, ...e,. .I ",""YO" 

321.17 
325.15 
329.20 
333.33 
337.52 
341.79 
346.15 
350.58 
355.08 
359.64 
364.27 
368.99 
373.78 
378.65 
383.58 
388.59 
393.68 
398.82 
404.01 
409.28 
414.64 
420.04 
425.49 
430.96 
436.51 
442.12 
447.75 
453.40 
459.09 
464.84 
470.59 
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recommended adoption of these values for pure sucrose-water systems, Table IZ-Ia. 

The inhibiting effects of impurities become particularly important in the lower 
purity crystallization processes discussed later in this chapter. Through the combin- 
ed efforts of Wiklund (425a). Wagnerowski (41 ld,41 le), and Vavrinecz (409a), a 
correlation was dcvelopcd between the saturation coefficient and the nonsucroses 
present, Fig 12-9 and Table 1 2 - 1  

Figure 128. Dcpcndcnc. of alvbili ly 
Ihr n o m ~ c r o y ~ ~ t ~ r  ratio. Data from Gvut's 
table s i  p l m d  by Vnvrinczz (4m) [Cvurrery 
of C.D. Rholan (24#4] 

P ''OD 

! 8 s ,-arn ::I&!!! -0" I w.2- mn3 

The inhibiting effects of impunties become particularly important in the lower 
purity crystallization processes discussed later in this chapter. Through the combin- 
ed efforts of Wiklund (425a), Wagnerowski (41 Id, 41 le), and Vavrinecz (409a), a 
correlation was developed between the saturation coefficient and the nonsucroses 
present, Fig, 12.9 and Table 12-1. 

The influence of impurities upon sucrose solubility can be expressed as: 

Z ' = C . Z  (1) 

( 2 )  
Z' or C =- = saturation coefficient 
Z 

where Z = solubility of sucrose in pure 
solution, grams sucrose1100 g water 

solution. grams sucrose1100 g water 
2' = solubility of sucrose in impure 

A valid and useful relationship has k e n  carefully and extensively investigated 
for the saturation coefficient and the nonsucroses concentration, (NIW): 

C = m.N/W+b+(l-b)*e~'""' (3) 
For a given beet quality and plant processing capability, a relationship be- 

tween C and N/W can be plotted as in Fig. 12-9. From such a plot, the consfants m, 
b, and c can be determined. 

McCinnis (224a) reports that the Grut data of impure solution solubilities are 
satisfactory for many beet growing areas and normal process molasses. Equation 3 
then k a m e s :  

C = 0.178(N/W)+0.820+0.180e~*'""' (4) 
Wiklund recommended that this solubility equation be used only in the range 

of N/W = 1.7 to 3.5 on the linear portion ofthe plotted curve. Vavrinecz, however, 
demonstrated the excellent fit of Grut's data in the ] to 1.7 NIW range. The careful 
investigator will redetermine the constants of the Wiklund relationship for his own 



SUPERSATUNATION 381 

beet growing area and for his awn plant's process, i e . ,  straight house, Steffen, 
Quentin, etc. 

However, far those who find solubility tables other than Grut's better fit the 
nonsucrme compositions of their molasses, Vavrinecz has furnished values of the 
constants of his equation, as follows: 
Table 12.1. Cocfficicnu for d u b i l i q  rqustioni for IYI- in k t  moh- for data of various in. 
rostigators. a, dctcrmimd br Vnrrinmz (ma). 

investigator rn b c 

Schokow 0.234 0.752 2.85 
Gru1 
Nces. Hunzeerford 

0.178 0.820 2.1 
0.322 0.563 1.6 

Y 

D'Orzi 0.271 0.767 1.5 

Silin 0.354 0.516 2.0 
Wagnerowski, et al 0.200 0.750 I .69 

Schwcrbijanski 0.287 0.797 2.1 

Supersaturation. Crystallization is a two-step process: Nucleation and then 
growth. In the previous section it was noted that the hydrogen bonds between 
alcoholic hydroxyl groups (-OH group attached to a ring or methyl carbon of the 
sucrose molecule) and water. are stronger than alcohol-alcohol (sucrose OH to 
another sucrose OH). This would suggest that by evaporation removal of water, the 
solution energy level more and more represents that of sucrose-sucrose groups, a 
prerequisite to nucleation. 

Supersaturation can be used as a measure of that solution energy level and of 
the concentration necessary to exceed the energy barrier for nucleation. 

Crystal growth is a mass transfer operation. i.e., a transfer of sucro~e 
molecules from the solution phase to the solid phase. A concentration difference is 
the driving force that causes the transfer of mass to take place. A negative concen- 
tration difference would imply that the solid will dissolve in the surrounding solu- 
tion. A positive difference - supersaturation - identifies crystal growth. 

Ostwald (259b) is generally credited with the concept of supersaturation and 
its distinctive regions of "metastable" and "labile." Miers (240b) formulated a con- 

Figure 12.10. Mien'  clrsaitsl diagram 
of thc rcgianr of uturaiion for p r c  
SYCTOY. 

1 
3 0  60 90 

Temp. - 'C 
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cept diagram, which is very  useful in visual understanding of various pan boiling 
and crystallizer processes. 

The identified regions of Fig, 12-10 have the following significance: 
Labile 
Metastable 

nucleation can take place in the absence of seed. 
nucleation can take place only in the presence of seed. 
Growth can take place in both the metastable and labile 
regions. 

Unsaturated neilher nucleation nor growth can occur in the un- 
saturated region. 

Studies of crystalhadon of many subsrancec in a wide rans of environments and 
equipment have demonsmted that the m e  picture is much mom complex. The regions are 
indeed present. hut the sepantions between regions are diffused, depznding upon the 
substance being crystallized. the population or density of seed present, the size of the seed, 
the rate of saturation change, agitation, and, of COUISC. the nature and amount of 
soluble impurities.' 

The difTuxd nature of the metastable region. as it blends into the labile region, has 
led some investigators to expand the Mien' chart with an "intemediate" region, Fig. 
12~11.  

I 
Temperature- 

Modern day batch sugar boiling (if well done with full seeding) operates in a limited 
region: totally metastable. 

Some continuous boilimg pmcedum may operate e n h l y  in the intermediate region. 
Other continuous sugar boiling procedures are designed for totally metastable con- 
ditions. Still other systems make use of the mechanisms of two regions. 

The very nature of the micro conditions 01 nucleation and growth demands a 
probability perspective in visualizing these regions of supersaturation. The macro 
properties are time averages. 

A deliberate state of disequilibrium is induced in the s y p s  on pan f lwr  by the 
s u p  boiler to bring about o y s t a l  formation and god. The measure of this nom 
quilibrium is generally termed, "supersaturation." a condition which cannot be measured 

'See refs. (292a, 369a, 392a, 403, 422a) 

______ ~~~ 
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dimdy. However, a number of solution physical pmpemes can be measured and the 
relative amount of disequilibrium can be mlculatcd. 

Supemturntion is defied in many ways, depending upon the needs of the in- 
vestigator-dirrerences, ratios, log functions. etc.1 These “tools” and many tables of 
physical data are available to the rescarcher. 

For the sugar boiler and his supenisor. twu expressions suffice-first. as a dinerencc 
for basic mass transfer and reaction mtc studies. and second, as a simple ratio ttr quickly 
assess the ongoing, dynamic pmduction nucleation and gmwth environmenb. 

Symbols: (Based upon the raw data of the factory control laburatory to the 
sugar boiler). 

rds 

W = 100 - rds = water content, % 
P 

= refractive dry substance or “Brix” determination of % total 
soluble solids in the solution 

= purity = 96 ratio of sucrose solids in the rds total solids 

s = = sucrose content. % 
IO0 

N = rds - S = nonsucrose content, % 
SIW 
NIW = nonsucrose-water ratio 
0 = oversaturation 
SS = supersaturation 

= sugar-water ratio, grams sucroselgram solvent water 

For clarification of the conditions of the saturation comparisons, the following 
subscripts are definitive: 

E 

B 

o 
P 

NIW 

= equilibrium saturation (given temp) 
= instantaneous saturation (same temp) 
= saturation comparison of pure solution 
= saturation comparison at identical purity 
= saturation comparison at identical NIW 

Far mass transfer, growth rate and nucleation rate~order studies: 

0 = C” - CE ( 5 )  

For pan boiling, the values of S, W. and N are all rapidly changing. Corn. 
parison of saturations of an instantaneous condition of the syrup is adequately ex- 
pressed by the rds, purity data: 

ISee refs: (58, 182, 191b, 224b. 343a, 394a) 
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In this instance, the saturation data of the Grut's table are totally satisfactory. 
Most BPR instruments have been calibrated to this relation. 

For control of crystallizer operation (where there is a rather considerable 
dynamic time lag) and for the precision studies of investigators of growth rates, etc.. 
the constant N/W basis is officially preferred. The equations of Vavrinecz are ap' 
plicable. 

McGinnis has illustrated the wide variety of numerical values of supersatura- 
tion that are possible, using the same basic data in the several equations for expres- 
sing supersaturation (224b). Before published saturation data are compared, the 
author's data should be examined as 10 thc mcthads of expressing supersaturatiu~~ 

V i D c O I i f y  / n  r . . , l s D / . I  3C.c 

l 
0 *o  .o 6 0  8 0  , 

B r i x  

Viscmity. The structural nature of the sucrose-water solution has been 
shown on previous pages to range from that of pure water to that of sucrose a g  
gregations having only a part of the normal water of hydration, Fig, 12-12. 

Fig. 12-7b was referred to as the model for viscous flow. From this is derived 
the relation 

(9) 

in which viscosity 'I is proportional to the molecular concentration n, and is ex- 
ponentially related to temperature. €'is the activation energy required fora jump. 

7 = n .  h e€''' 
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The structure of the fluid (polar and hydrogen bonding) influences the probability 
of a jump, With added solution structure (sucrose-water and sucrose-sucrose bond- 
ing into larger structures), viscosity increases. 

This structural fluidity or rigidity is reflected in the degree of shear stress or 
resistance to fluid flow. This shear stress is measurable and is expressed as viscosity. 
It becomes important that this solution property be fully appreciated, as it  is the 
basis of management and control of several aspects of the total crystallization and 
separation system. 

As shown in Fig. 12-20, viscosity is related to sugar concentration and temper- 
ature. The influence of impurities (additional solute having varying solution struc- 
tural properties) is also evident, Fig. 12-13, 

Figure 12.13. Rducrion of rnolaaacs r i x a i t y  
due to prcxncc of normal bml impurilin. 
Dnin of Bennett and N r s .  (Sm Chspr 19.) 

Tables of viscosity of pure sucrose solution are available in Circular C-440 
(20). The 14th ICUMSA adopted the data of Schneider in the range of 75.86% con- 
centration as supplementary to the NBS tables. Typical viscosity values for beet 
sugar syrups were measured and reported by Bennett and Nees (3 la), Table 19-1. 

Boiling Point Rise. Certain properties of solutions relate to the concenlralions of 
the solute molecules rather than to the nature of the molecules. Among these col- 
ligative properties is bailing point rise. 

A solution of a nonvolatile solute always boils at a higher temperature than 
that ofthe pure solvent. In dilute, ideal solutions, the difference in temperatures (the 
boiling point rise) is proportional to the concentration of the solute. 

Adamson (IC) reports the relation to be: 

R(Tob. 1)2 M1 

1000 * AHoV,, (10) A T b  = * m  

Where: A T b  

TI, 
T;. I = normal boiling point of the pure solvent 
R = gas constant 
M I  

= normal boiling point elevation of the solution, T b  - TC., 
= normal boiling point of a solution of solvent activity ai. 

= molecular weight of the solvent 
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m = molality of the solute 
A H ,". , = standard heat of vaporization of pure solvent 

With ideal solutions, equatiun 10 reduces to 

A T b  = Kbm 0 1 )  

Where KI, = boiling point constant 

and Kb depends only upon properties of the pure solvent. The value for water as 
solvent is 0.514. 

2 . 6  

1.. 

. - 
I 
D Figure 1244. Boiling point cleration cum 

s U n l  8% modiIied by brrr ~ O N Y C ~ O W .  [Aflcr ? 2.2 e ZiC& (4*)/ 
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Y 
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Purity 
For the practical conditions of sucrose crystallization, the solutions deviate 

considerably from ideality. Sucrose tightly binds about six molecules of sugar - a 
compound formation between solvent and solute. 

For impure solutions, the ionization of the solute salts present, binds an addi- 
tional numher of solvent water molecules for still mure departure from ideality. 

As several of the saturation-supersaturation expressions are in terms ofgrams 
solute per gram water, it is convenient to express 'h*' in grams dry substance per 
gram water solvent. The  boiling-point elevation constant is then not only modified 
to accommodate the concentration conversion but also to accommodate the shift in 
average molecular weight of the solute - in this case dry-substance, Kb becomes &a 

(Table 12-2). 
Table 12-2. Boiling Point Elevation 
Conatants for Beel Svruar s t  7 5 T  

P"",) a, 
100 1.90 
95 I .95 
90 2.03 
85 2.13 
80 2.25 
7 5  2.37 
70 2.52 
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Refractive Index. Light refraction in sugar solutions has a direct relation to 
the sucrose solids present. In 1966 ICUMSA adopted an "International Scale of 
Refractometer Indices for Sucrose Solutions." 

Far factory juice and syrups. refractometers are used in most US .  beet~sugar 
laboratories and attest to h e  usefulness of this property of sugar solutions. While 
laboratory measurements are related to 20' C, special refractometers are available 
for on-line measurements at normal pan-boiling temperatures. 

Conductivity. Salutes may he classified as to their ability 10 conduct electrici- 
ty when dissolved in water. Some substances, such as sucrose, dissolve as electrically 
neutral molecules, and form a nonconducting solution. Other substances dissolve as 
ions in the water and can conduct electricity. Each solute has its own degree of con- 
ductance, thus the measure of the solution conductance hecomes a measure of the 
concentration of that substance. 

In those solutions where one of the solutes present contributes to the solution 
viscosity, the mobility of the ions in the solution becomes related to the solution 
viscosity. For sugar solutions o f a  given purity. a conductance measurement can he 
related to the solution viscosity. 

For a given pan feed syrup, a typical pattern of conductance will he establish- 
ed from which concentration or supersaturation can be estimated ( I  62, 207a). With 
proper circuit design. the measurement can be "tuned" to the feed syrup at hand. 

Crystal Slurry Properties 
Crystal Population. For hatch pans the number of crystals in the batch as 

dropped is equal to the number of crystals in the seed slurry or to the number 
generated by nucleation. In only a few seconds of the total boiling time. the crystal 
crop is established. The need is then to maintain and protect that initial population, 
a critical bailing syrup's specification. 

For nonseeded, single-tank, hack-mixed crystallieers. Fig. 12-73, the crystal 
nucleation rate ofgeneration must equal the rate of product population removal. As 
will he developed in a later section. the nucleation rate is dependent upon super- 
saturation. Growth is area-dependent and saturation-dependent. In this type 
crystallizer, operating in the intermediate saturation zone, crystal slurry density 
must be stabilized. 

In a batch boiling, the number of seed initiated will determine the final crystal 
size as the crop is completed and dropped to the centrifugals. In Table 12-3, Gillett 
illustrates the effect of MA-crystal size-with respect to relative surface area for 
growth and exhaustion and also the effect with respect to free drainage of the 
mother liquor from the crystals in the hatch centrifugals. 

Table 12.3 E f f r c ~  of CrpmI Sire 

5% Relalirc 
Rclarirc POrC 

Mesh S i l C  S"rfaCe CWW%¶XiO" 
S i l <  Mi<*OlU Area A m  

65 208 200 100 
60 246 170 140 
48 
42 
3 5  

295 
351 
417 

142 
119 
100 

200 
280 
400 

Aflcr Gdlett (124a) 
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Crystal Size Distribution (CSD). Paniculate processes have been intently 
studied and described with suitable mathematical models. Among these processes. 
crystallization, and more specifically sucrose crystallization, the characteristic sizes 
and shapes may have an inlluence on the processes from which they were produced. 
The average size, and the variance in sizes can be modeled for one dimensional and 
multi-dimensional crystal size distributions. These distributions may be better 
known as MA-CV and CSD. McCahe's AI. law stales that all crystals in a given en- 
vironment will individually grow in equal amounts within the same time interval 
(215d,292b). 

A carefully performed, uniforn-size seeding of the syrup at the lirst of the 
boiling will yield a reasonably uniformly-sized final crystal crop, but, of course, ofa  
much larger size. T h e  CSD or CV at lhe end will he the same as the seed or slightly 
greater. As growlh is the objective, the MA will he much larger, Fig. 12-15, 

Figure 12.15. Ideal Batch Crystal Gmrrh. For 
nuclei of uniform mire and under conditions 
d m  M r G h ' s  A L  Law p m b  then Ibc final 

"It <ry#tdI r i l l  all bc of " d o r m  *i.c. P" Aflrr Sarmon (3w.1 

Time- 

If, however, the initial seed is widely variant in size (high CV), ~lirii one can 
expect an equally high CV in the product, Fig. 12-16, 

Seed Product 

- . 

CV-50 
Time- 

Figurc 12.16 Product CV as inflvrnrcd by 
xd CV. McGah'i A L  Law prevail. 

In condnuous, singlestage pans, an equilibrium condition is established with 
respect to saturation and the crystal slurry properties. Ideally, a slurry of uniform 
population and of similar size distribution is generated and maintained in all parts 
of the pan volume. The product crystals leaving the pan a~ of the same size and size 
distribution as in the slurry in the pan. Such crystallizcrs of the continuous. mixed- 
suspension, mixed-product-removal type (MSMPR) are widely used in continuous 
chemical and continuous sucrose crystallizing systems. 

In the higher saturation environment for secondary seeding, as found in a con. 
tinuous, single-stage pan, the C V  would normally be 50%. As discussed later, this 
can be modified with product slurry classification and other techniques. 
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In a stabilized, MSMPR crystallizer, the crystal surface area for growth is: 
A= N *f(S) (12) 

when A= total area 
N = total crystal papulation 

f (S)= characteristic surface area of a crystal. 

The factor f(S) is a function of the variance in sizes of the crystals (CV) and of the 
average size (MA). 

The total crystal area, in part, identifies the rate of supersaturation decay. As 
nucleation rate is highly dependent upon supersaturation, slurry population is a 
function of supersaturation. 

I n  hatch systems, the pmboble final product MA-CV will he established 
within a few seconds or minutes of the pan seeding. 

In  continuous MSMPR systems, a long-term balance among several factors in 
the crystal slurry influence the final product MA-CV. Both nucleation and growth 
can be shown to he dependent upon supersaturation, hut each responds in a dif- 
ferent manner (292, 292a. 292h): 

Growth rate = lengthitime = (supersaturationr 

Nucleation Rate = nmberltime = (supersatura6on)Y 

(13) 

(14) 

(15) Growth Rate = b!!.%!k = an index of crystal size 
Nucleation Rate number 

Since: y > x 

Then crystal size index decreases with increasing supersaturation. 
Crystal Slurry Bulk Viscosity. The  viscosity of the syrup in a pan helps to 

identify the concentration of that syrup. Upon seeding, a crystalline slurry is 
established. Initially. the suspended. tiny crystals offer little interference to the nor- 
mal viscous flow of the syrup. As these crystals grow and evaporation brings the 
crystals closer together, a structural interference to liquid flow becomes evident. 
The apparent viscosity of the slurry becomes the sum of the normal syrup viscosity 
plus the hindrance to the normal flow character of the syrup. due to the added 
crystalline particles. 

As crystallization pmceeds, h e  hulk viscosity or fluidity changes to one of s f l -  
ness. and a limiting condition develops. In a thin slurry there is a large excess of 
fluid between the crystals. As sucrose is taken up by the crystals and as evaporation 
removes the water, the volume of liquor between crystals is reduced to the extent 
that only enough remains to “lubricate” the crystals as they are discharged from the 
pan or crystallizer. 

As in Fig. 12-17, Gillett (124) noted the % true crystal volume and % appaxnt 
crystal volume for low raw crystallizers. The difference between the 96 apparent 
volume and 100 is the volume of lubrication syrup. For best process yields and 
economy, this must be low 01 pan drop. 

Practical system operation dictates that the final crystal slurry must he able to 
flow from the boiling pan and must not be so stiff that the cwstallizers and mixers 
are mechanically damaged. 
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- C r y s t a l  Growth- 
Silina (340a) has shown the relation between slurry viscosity and syrup viscosi- 

ty, Fig. 12.18. A practical limit to crystal growth in any given slurry is suggested. As 
will be developed later, this limit can be circumvented to a degree. 

11". 30 
Figure 12.18. Silinr mtioofviwairin. viuoli. 
ty of cvrtsl durly si compared r i i h  riuasiq 
of the mothrr liquor: - t  nr. "'1 x 

9: i r y s t o i r  

Silina also developed the relationships between final slurry ds and % crystals 
and limits of 96 crystals for various temperature and purity conditions. 

The small crystal sizes and low punty SYNPS of low-raw massecuiteq relate to 
a crystal limit of 40 45%. The larger crystals of high purity slurries, along with the 
lower syrup viscosities, permit crystal yields up to 55.60%. 

IO 31 .o ., 
XC.yltol* 

Supersaturation Estimation by Viscosity. For a given syrup temperature, 
the viscosity of the syrup can identify the degree of supersaturation. The initiation 
of a crystal crop can be reproducibly performed during each batch. 
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The usual laboratory viscosimeter depends upon a small rotating cylindrical 
surface immersed in the fluid under study. The viscosity or liquid shear stress is 
measured by the torque required to rotate the surface. 

In a similar manner, the Siemens viscosity measuring device (330a) has a cylin- 
drical element which is mounted through the pan wall. The torque necessary to 
maintain a constant rpm is the measured value and relates to viscosity and indirect- 
ly to supersaturation of the syrup (13 I ,  307). 

Measurement of fluid shear by a wobbling element in the fluid is the hasis of 
the P & L Rheometer (370a). 

Following seeding. the presence of a fine, well-dispersed seed crystal has little 
influence on the viscosity measurement. As the crystals grow and the slurry density 
increases, the hulk viscosity properties gradually dominate. The viscosity measure- 
ment degrades and is no longer a mraaure oE supersaturation. 

The Ultra-viscoson-Bendix viscosity sensor consists of a vibrating element in 
the fluid. the means ofinducing the element vibration (ZEKH,). and a transducer for 
measuring the degree of vibration dampening due to the viscous structure of the sur- 
rounding fluid. The device has been used for very accurate investigation of viscosi~ 
ty, temperature effects, impurity effects. crystal-slurry effects, and the indirect 
measurement of supersaturation.1 Fig. 12-20, 

B r i x  

SYPers.1YI.1IM 

Supersaturation Estimation By Boiling Point  Rise. Holven employed 
two resistance thermal elements in a characterized bridge circuit to measure "auper- 
saturation." One element was in a pot ofboiling water arranxed to yield a saturated 

IRef. (1.10.12,295) 
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vapor at the pan absolute pressure. The second element was located in the center 
well of the pan. The system provided a reproducible temperature differential, useful 
for seeding reproducible crystal crops.1 

The original thermal elements unfortunately exhibited an undesirable time 
lag. The hydrostatic head and the partial short-circuit flow introduced an increasing 
error as the massecuite level rose. 

A later system (452) involved the measurement of the temperature of 
superheated vapors leaving the massecuite and fixing the boiling at a constant ab- 
solute pressure. Unusual disturbances in the absolute pressure regulation bias the 
supersaturation, even with excellent regulation of feed by the single measurement of 
vapor temperature. 

A more recent unit (453a,453h) uses two lowmass thermisters to reduce 
measurement lag. One element is exposed to the superheated pan vapor, while the 
other is immersed in a tiny chamber of hot water continuously flashing down to 
saturation temperature at the existing vapor absolute pressure. The elements will 
respond well when exposed to a good vapor velocity and when the hot water feed is 
carefully installed. 

Solubilities of sucrose solutions, Table 12.la, are determined under nonboil- 
ing conditions (409a). Several investigators (22b, 32) have studied the effect of syrup 
superheat resulting from higher than equilibrium syrup temperatures. Such 
superheat is a normal action in creating a heat flux adequate for economical 
evaporation (ebullition) rates. Other factors of superheat are syrup level. crystal con- 
tent, circulation rate. and syrup purity. 

The lowest temperature in the syrup will be found at the top of the syrup, i.e., 
at the syrupvapor interface. Fig. 12-22 illustrates this temperature-saturation rela- 
tion. The highest saturation condition relates to thc temperature of the interface. 

The fixed thermal element in the well is subject to the syrup superheating er- 
ror. Measurement of the superheated vapor temperature minimizes this error. 

As evident In Pig. 12-14, the nonsucrom present infiuence h e  hpr. With high 
purity boilings, the change in purity is small. With low purity feed syrups. the purity 

Tl.C I 

Tcmptrature- 

'Ref. (1 22,130,IfiO. I6 1,233,306.4 14,422) 
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change during boiling is significant. If necessary, a purity change compensation can 
be a function of level. 

Temperature measurement of the superheated vapor can be erroneous if there 
are significant water leaks or poorly draining catchall systems, due to their desuper- 
heating effect. 

As with other systems, bpr can yield a useable, relative measurement. Each in- 
strument must he "tuned in" to its particular boiling system. As i t  is measuring the 
properties of the mother liquor, it is a useful indicator of saturation conditions dur- 
ing the final minutes of the boiling. 

Supersaturation Estimation by Refractive Index. The optical properties 
of solutions have long heen used to measure the concentration of soluble solids. A 
typical, very successful application of refractive index (RI) for measurement and 
control of supersaturation has been reported by Neilson and Blankenbach (59. 
254b). The usual requirement for rapid temperature Compensation was avoided by 
designing the pm~boiling scheme for a constant 80.0 "C temperature during the crit- 
ical graining and initial crystal growth period. 

The RI  measured is that of the mother liquor film on the prism surface. Thus 
we have a direct measurement of the solution properties. As crystals grow and the 
syrup film on the prism face becomes less homogeneous, the usual sharp refraction 
shadow becomes diffused and finally becomes unsatisfactory for control. 

The nature of the total batch~boiling control scheme would indicate if this is a 
deficiency. As the bailing proceeds, the supersaturation may "sag" below the target 
(limiting) value and thus eliminate itself as an operating criterion. Consistency be- 
comes the regulationdfeed control parameter for the balance of the boiling cycle, 

The boiling pattern of Neilsan and Blankenbach is typical of a process- 
engineered balance of evaporation rate and evaporation need - a programmed pat- 
tern of At for ability to evaporate and a fixed syrup feed rds for a fixed need for 
evaporation. As crystals begin to grow, supersaturation gradually slips below the 
limiting value, thus refractive index measurement of supersaturation fits the needs ideal. 

Other calandria pan systems with a generous ratio of heating surface per cubic 
foot of massecuite per strike. pans with a steam (vapor) supply at a pressure higher 
than needed, a steam valve which by hahit is "full open," a condenser system and 
water temperature permitting a high boiling vacuum (a large ~t and high heat 
transfer rate), and pans fed with very high density feed syrups, all tend to have 
evaporation capabilities that overrun the crystal growth rate. Supersaturation can 
become excessive all through the crystal growth period, thus there is the need in 
such boiling patterns to be able to measure and control supersaturation for graining 
and continuously on through the hrixing-to-drop period. 

For the pan floor that needs to push supersaturation to reduce boiling time as 
much as posible, refractive index would become inadequate as the crystal content in 
the massecuite increases. Many pans have been equipped with simple optical refrac- 
tometers to guide the sugar boiler through seeding and a few minutes into the crys- 
tal growth period. 

Far assurance that the syrup film on the prism will be constantly displaced by 
fresh syrup, the refractometer must be mounted so that the prism face projects three 
or four inches into the pan massecuite belt. 

Preventive maintenance of the RI  sensor includes a weekly (usually much less 
frequent) cleaning of the prism. 

I?. 
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Supersaturation Estimation by Conductance. As has been shown earlier. a 
conductance measurement can be related to solution concenvation of nonconducting 
sucrose. A factory syrup will normally have a typical impurity composition and thus 
will have a typical conductance fur a given syrup purity. Changes in conductance 
for that typical syrup can then be related to the syrup viscosity or concentration or 
supersaturation (72 ,  162). 

Typical conductance-purity determinations on local syrups become the 
foundation for designing the conductance bridge circuitry for the necessary compen- 
sation adjustments to "tune" the instrument to the local syrup properties. An ac 
bridge permits measurement of conductance without polarization of the electrodes 
in the massecuite. 

Supersaturation Estimation by  Dielectric Constant. With high purity 
syrups. the nonsucroses are present at relatively low levels and the changes in non- 
~ u c r o ~ e  concentration are also relatively small. Conductivity is not satisfactory as a 
control. However, the SIW ratio changes are rather large. 

The use of a high.frequency (150 MHz) transmitter, with its antenna in the 
massecuite, permits measurement of its dielectric constant. The measured value is 
the sum of the individual dielectric constants for water (constant = 80). sugar (3.85), 
and impurities (most organics in range of 1 - IO). Due to the large constant for water. 
the measured value is essentially a moisture measurement. 

I n  the 90.100 purity range, Madsen (207a) reports only minor changes in the 
dielectric measurement due to impurities. The unit does not discriminate between 
S U C ~ O S ~  in solution or as crystals. A level function compensation is needed. 

While process Stream measurement of dielectric consrant has lorig been used 
in chemical process streams ( I C ,  330b), its application to crystallization is relatively 
recent. 

Commeiit. To aclticvc reliable nucleation or seeding and to continue growth 
of the crystals at an economical level, an accurate measure of the solution ruper- 
saturation is needed from seeding lo pan drop, Regardless of the crystal slurry con- 
sistency, secondary grain can be induced by neglect of the supersaturation of the 
surrounding syrup. 

consistency Measurement 
Viscous Drag. As noted in the section on crystal slurry bulk viscosity. there is 

a decrease in fluidity of a slurry as water is evaporated. The syrup volume decreases 
and the crystals crowd together. The density of the crystal papulation per unit 
volume of slurry is of importance in avoiding or inducing secondary nucleation. In 
batch boiling and some forms of continuous crystallization. a high slurry density is 
desired. In other continuous crystallizing systems, the slurry density is maintained 
exceptionally low to induce secondary grain formation. 

In a prior section, the Siemens viscosity unit. the Rheometer, and the Ultra- 
viscoson were noted as being crystal dependent. The measurement was. in fact. bulk 
viscosity ~ the measure of the fluidity or the stiffnness of the slurry. 

In some series-continuous crystalhers, the mixing-coaling elements rotating 
through the slurry transmit a load to the crystallizer shaft. Motor load becomes a 
measurement of stiffness. In some mechanically agitated pans, the horsepower 
requirement of the impeller becomes the indicator of consistency. 
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Gamma Ray Densitometer. Many chemical process streams are being mani- 
tared for slurry density by the absorption ofgamma rays passing through the slurry. 
For some continuous crystallizing systems. the final crystal slurry density is 
measured by this absorption principle. The measurement is total solids concentra- 
tion (rds). One principal precaution is to sample the stream without incorporation of 
air bubbles. 

Crystal Formation. 
In  the first paragraph of this chapter. our sugar boiler knew that if the syrup 

were boiled and evaporated long enough, i t  would suddenly he full of crystals. He 
had passed over the energy barrier. He knew it only as "boiling to grain." 

The process technician (sugar boiler) of the second paragraph, carefully avoids 
the unstable boiling-to-grain condition. Nevertheless, he must scale a modified 
energy barrier where a more controllable crystal formation is performed. 

Six general systems far initiating crystals are recognized (193, 292a. 392, 
403a): 

1. Homogeneous - new crystal panicle formation as the rerulf of supersat- 
uration only - a specific solution energy level is reach- 
ed and exceeded 

2. Heterogeneous ~ new crystal particle formation as the result of super- 
saturation and the presence of foreign insoluble ma- 
terial which reduces the net energy requirement 

- new crystal particle formation as the result of super- 
saturation and in the presence of an ongoing, growing 

- crystal population increase due to the fracture or im- 
pact chipping or breaking of existing. growing crystals 
into smaller particles. each capable of growth 

~ preparation of seed crystals by salting-out. grinding, 
screening, or centrifugal separation, mixing as a 
slurry or magma; adding the mixture as a controlled 
population into a supersaturated liquor for growth 
only 

- liquid conditions similar to homogeneous except a 
much lower supersaturation. Ultrasonic irradiation 
creates mechanical perturbations adequate to exceed 
the energy harrier of homogeneous nucleation (385h). 

(Classical) 

(Classical) 

3. Secondary 

crystal crop 
4. Attrition 

Collision 

5. Full Seeding 

6. Ultrasonic 

T h e  Crystal Lattice. As molecules move close together, there is a tendency 
to seek the lowest level of energy. In organic compounds, covalent bonds are the 
predominant interatomic forces, establishing a relatively stable molecular architec- 
ture. The inter-molecular "glue" or forces holding carbohydrate molecules in their 
proper places in the solid structure are the intermediate strength hydrogen bonds 
and the much weaker van der Waals' forces. 

The shape and dimensions of the unit building blocks are resultants of the 
various forces at work in achieving the lowest system energy level. This shape and 
its dimensions define a unit lattice (398. 407). The stacked array of units is known 
as the crystal space lattice. 

In comparing a sugar crystal and its faces in the perspective view of Figure 
12-23 with the conceptual stacking of sucrose building blocks in the projection 
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views, a loscal development of faces is noted within the fundamental monoclinic 
system. 

-C 

Figurn 12-29. Stacking arrays and dcrclopmcnt of SYC- crystal faca. 

Figurr 12-24. Enern distribution 
among rnOleCYl". 

u i n l l i c  En.rgy 

Energy Barriers and Fluctuations. Kinetic molecular theory recognizes the 
variance of energy by each molecule and utilizes probability to express the average 
status as a Maxwell-Boltzman distribution, Figure 12-24. A few of the molecules 
will possess high kinetic energy. Temperature increases the energy of all molecules 
present. and thus the average kinetic energy is increased. There is also a con- 
siderable increase in the number of molecules having the high level activation. 

Reactions, whether physical or chemical, have energy harriers or levels which 
must he achieved before the reaction can proceed. Figure 12-25 is typical of many 
exothermic processes, of which crystallization is one. For the sucrose-water system, 
the energy level of the solution is increased by removal of water by evaporation. 

For equivalent degrees of supersaturation, the temperature will enhance the 
probability of a molecule having sufficient energy to reach the system-activation 
energy level, and to proceed with the reaction, - in  this case a phase change. 
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Figure 12-25. Encrgl barrier to c h a s e  in *we. 

Reaction- 

Wave mechanics provide another conceptual too1 - energy concenmtion prob- 
ability. In the rrpolted procedure for determination of solubility, q d i b l i u m  
establishment was stressed. While a macroscopic equilibrium may be established, 
the molecular equilibrium is still very active, with some under-saturated spaces and 
some over-saturated spaces in the system. 

Using a three-dimensional probability representation (92, 157), Figure 12.26, 
varying degrees of energy activation may be expected throughout the space of the 
system. If the sphere sizes are considered to represcnt the probability of energy 
levels, energy Concentrations suflicient to achieve the activation energy hump of 
Figure 12-25 are found. Increased supersaturation increases this probability. 

Hornogenmus Nucleation. As a result of these fluctuations. the individual 
hydrated sucrose molecules frequently enter the area of attraction and rejection of 
one another and usually join momentarily. Most of these kinetic units quickly 
separate. Others cling together and are joined by still other molecules to become 
ChSterS - typical of reversible chain reactions (86,193,385): 

AI + AI = A2 
A2 + AI == AS 

Am.1 + AI == Am 
where AI = an individual kinetic unit 

m = the number of AI units in a cluster. 
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When “m” is small, the cluster still has no defined boundaries and is still a 
part of the solution phase. With an increase in “m,” a new solid phase assumes an 
identity with boundaries, and is called an embryo. Being a reversible reaction, mast 
embryos revert to clusters and even to individual units. 

Some embryos in the supersaturated solution increase in size sufficiently to be 
in thermodynamic equilibrium with the solution. As an embryo reaches this critical 
size, it is called a nucleus. For sucrose. this critical size has been calculated to con- 
tain about 80-100 molecules (193, 292a, 403b). 

Embryo Critical Sire. Following the Gibbs deduction!, creation of a new 
surface area requires work, AG3, which is proportional to the extent of the new sur- 
face formed between the new solid phase and the parent solution phase. The volume 
of the new phase is at a lower energy level than the parent phase; thus there is a 
negative volume energy or work factor AG,.  Initially the surface work exceeds the 
volume work term, algebraically yielding a net positive system energy requirement 
A G as in Figure 12-27. As the size of the particle increases, the volume energy term 
becomes the larger factor and a system net energy maximum A G ~ ~ ~ ~  on the main 
line is passed. Any array of less than the critical size will probably dissolve. Any ar- 
ray of greater than critical size will continue to grow (28, 86). 
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Figure 12-27, Embvo size, rnrrgl SIP- 
LYS. and mbil i tv  for gmwth. (A@ 
M u l k n  (251) B i  courlcq of Butler. 
worth I%.) 

S i z e  o f  N u c l e u s ,  r 

This homogeneous nucleation model is a three-dimensional thermodynamic 
treatment of the molecular activity in the creation of a totally new solid surface. 
necessary for crystal growth. 

Nucleation by “Boilingtc-Grain.” Upon evaporation of a clean syrup, its 
viscosity increases rapidly. If a sample of the SYNP is accumulated between the 
thumb and forefinger, then by spreading the fingers, the length ofthe string of syrup 
can be tested before it breaks. Spontaneous grain will not appear until a “long- 
string” condition is reached. This condition relates to being well into the labile 
zone, area A in Fig. 12-28a. 

’see references (251. 359, 379, 385, 392) 
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Futtern- a. b. C. 
Once started, fine grain will appear and will rapidly increase in quantity. The 

proper ending of the nucleation period point B, Fig. 12-28a, is a matter of ex- 
perience and skill of the sugar boiler and his observations of syrup samples an the 
proof glass, of the splash on the sight glass, or better yet, by observations through 
the pan microscope. 

A rapid return to the metastable zone is effected by a change in temperature 
and a reduction in concentration, Vacuum is decreased and a heavy, short syrup 
feed is introduced into the boiling syrup. Further nucleation is ended. but the just- 
formed crystals will continue to grow, point C, Fig. 12-28a. 

Heterogeneous Nucleation. Heterogeneous nucleation occurs on flat sur- 
faces or in cavities, on foreign particles, and on crystal defects. Part ofthe surface of 
the newly forming embryo is not exposed to the solution phase. Thus a lower energy 
level is required to get "over the hump" (380). In practice, this is the mechanism 
normally found due to the localized concentrations of: 

1) The surface energy at rough or pitted surfaces of the equipment in use; 
2) the surface energy of sucrose crystals not removed by proper s tem-out  tech- 
niques; 3) the surface energy of centrifugal grain in the pan feed syrups; 4) the sur- 
face energy of foreign particles in the feed syrup due to poor filtration; 5 )  the induc- 
ed energy through mechanical perturbations. such as cavitation at impeller tips, or 
from sonic irradiation; 6) the surface energy by deliberately added "seed" crystals at 
the desired moment of nucleation; 7) or the solute in the solution due to nanunifor- 
mity of massecuite circulation or of temperature variances. 

The Volmer expression (403a,41 Ib) connects the two-dimensional 
heterogeneous mechanisms with three-dmensional homogeneous nucleatisn 
through surface tension and the angle of wetting: 

AG'~ . ,  = A G ~ ~ , , ,  ( z +  c o s e ) ( i - c o s e ~  (16) 
4 

8 = angle of wetting 
AG = activation energies of the processes. 

If sucrose seed crystals, having identical lattice parameters as the solute, arc 
the fonign surfacts introduced, and if metastable s u p a t u r a t i o n  ndsts, p w h  will 
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hegin immediately on the lattice fragments introduced. The  foreign particle will he 
considered completely "wetted" ( e=  0). A G'homo reduces to 0, a seeded nuclea- 
tion. 

energy particles, etc., - this condition would amount to an inellective nucleus. 

dimensional nucleation and growth is initiated. 

For complete repellency (0 = 180) - lattice misfit. smooth surfaces, low 

Far partial wetting. the free energy of the critical nucleus is reduced, and two- 

Nucleation By Shock Seeding. In  the search for a more reliable technique of 
initiating a crystal crop, a less drastic method of nucleation was introduced in the 
beet industry by Zitkowski (420a). A clean syrup is concentrated and string-proof 
tested until a short string (about an inch) is attained. This corresponds to the mid~to- 
upper metastable zone. Approximately a pound of powdered sugar is sucked into 
the pan and into the syrup. point D. Fig. 12-28b. 

Concatration continues until a crystal crop becomes visually evident. Again, 
the sugar boiler must judge the proper time tn end the nucleation, point E, Fig. 
12-28h. A short. heavy drink of syrup feed is usually enough to reestablish the 
metastable condition, point F, Fig. 12-28 b. Some boilers also feel the need for a 
change in vacuum. 

In formation of the new solid phase, the Gibbs relation is dependent upon 
overcoming the surface tension component of the energy requirement. Valmer 
(403a) defined the change in surface tension due to a "wetted surface" and thus ex- 
plained the lower energy level required for critical nucleus formation. The surface 
of the suspended particulate matter reduces the energy needed for two-dimensional 
nucleation and growth. 

VanHuuk ( 3 8 5 4  and Dunning (864 demonstrated thc time lag in cluster for- 
mation, particularly in viscous solutions such as sucrose syrups. The supersatura- 
tion level for "shock" seeding is still high enough to create 3-dimensional clusters. 
The introduction of particulate surfaces not only contributes to two-dimensional 
u u c l e a ; ~ ~ ~ ~ ,  but it1 J U ~ ~ O C  sata:yiii iiiamer, iedlices the h i e  lag in 3-D cluster forma. 
tion. 

The time-lag factor is important in the actual "shock-seeding" procedure. 
The number of crystal fragments in the powdered sugar introduced is only a small 
fraction of the total seed population needed. The powdered material should be in- 
troduced as soon as the upper metastable ranxe is reached. to have time for the 
nuclei to become visible and adequate before continued evaporation carries the 
supersaturation too high. An early seeding and a rapid return to metestable (less 
viscous) conditions, after grain establishment, are reported to yield fewer con. 
glamerates. 

The term "shock seeding" is generally misleading and creates confusion. 
Careful examination suggests that this procedure deliberately generates the condi- 
tions leading to "false grain" or secondary nucleation (215a,292a,292b,453c). 

Secondary Nucleation. Shock seeding and slurry seeding have often been 
performed with totally inadequate seed populations, but the final massecuite 
population has been near normal. T o  achieve this result, the sugar boilers often 
resorted to a short term, higher than normal, seeding saturation, Fig. 12-28h. 

In 191 1 ,  Miers (240c) observed that when a seed crystal is introduced into a 
solution having a supersaturation not high enough for homogeneous nucleation. 
that s e d  crystal itself begins to grow, and it also induces other crystals to form and 
to grow some distance from itself. The primary seed crystals have been observed 
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(2241) to "give birth" to large numbers of new, secondary nuclei. 
Almost immediately upon being immersed in the super~saturatcd syrup. the 

surface of a primary seed crystal becomes wetted with the hydrated sucrose ag- 
gregates of the solution. This surface layer (1,000 b; units ar mare. depending upon 
the degree of supersaturation) hecomes even more highly organized as growth 
begins. Powers (288) suggested that some of the clusters in the surface film could be 
loosely held and sheared away by agitation, and thus could became a stable cluster 
for new particle growth. The second alternative is that at high saturations, dentritic- 
growth structures on the primary seed crystals are suffciently fragile to he sheared 
off by the solution agitation and become secondary growth centers. These new 
nuclei can, in turn, become the initiators of further secondary nucleation. At high 
supersaturation. the secondary effect can proceed at catastrophic rates. 

Such nucleation is the source of "false grain" in the usual boiling procedures 
for sucrose. Secondary nucleation is also the mechanism used in many continuous 
evaporative crystallizers for continuous seed generation within the crystallizer.' Its 
use and regulation i den t ih  syston prductiriry (papulation) and pmduct quality 
(MA-CV). 

Attri t ion and Collision Nucleation. Very common in chemical industry 
crystallizations, the crystal structure is quite fragile and the solution viscosity is low. 
Agitation is necessary far uniformity of nucleation and growth conditions. Impact of 
crystals by the agitator impeller and impact of crystals against the crystallizer walls, 
in part, describe attrition ~ the mechanical degradation of crystals in the slurry. 
The fragments become growing crystals and become additions to the population. 

With sucrose solutions, the viscosity is high and impact is less severe. Also, the 
crystal sizes are relatively small and the inertial impact is less. With hatch boiling, 
the agitator systems are designed with ample clearances and relatively streamlined 
flaws. 

With continuous systems depending upon secondary nucleation, the greater 
the attempt at capacity-forcing by higher supersaturations, the greater will he the 
possibility of dentritic growth which is more fragile and might he a source of atiri- 
tion and collision fragments. However, at the higher saturations. it becomes more 
difficult to distinguish between secondary "breeding" and attrition effects. 

Nucleation By Full  Seeding. With the successful development of boiling 
point rise and other systems for estimating supersaturation, reproducible crystal 
crops are initiated at much lower levels of supersaturation. 

Large size specialty sugars have been produced by introducing several 
thousands of pounds of carefully screened and sized crystals into a vacuum pan con- 
taining a moderately supersaturated syrup, point G ,  Fig. 12-28c. Each individual 
crystal introduced was a "seed" which immediately began to grow to became a 
larger, more desirable size. 

With the usual readily available powdered sugar as the seed, it was found that 
if several pounds were used at saturations less than previously used for "shocking," 
point H, Fig. 12-28c, the total of the individual particles of powdered crystals ap- 
proximated the population needed in the final massecuite. To reduce the volume of 
seed introduced, trials with the much smaller crystal fragments of "fondant" 
powdered sugar were successful. However, continued variances in populations were 
experienced. 

'See refs.(2 15a,239h,292a,292h,293a) 
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The investigations of Mak and Kelly (208a) have identified the unusual sur- 
face activity of dry ground and pulverized sugars. Surface charges induced an ag- 
glomeration of the dry fragments, leading to population uncertainty. 

The continued investigations of Gillett (123) and others (164a,343d) with wet 
hall-mill grinding of a suspension of crystals led to a much more stabilized and 
reproducible seed. Also. with extended grinding times, smaller volumes of seed 
slurry were possible. With the smaller size seed, the slurry is introduced at a 
somewhat higlier saturation, point I, Fig. 12-28c. 

Several published boiling patterns are for "full seeding." however, they 
resemble the Fig. 12~28h  pattern. The initial seed growth is "forced" by the higher 
saturation until a visual size of 40-50 pis  attained. Such forcing reintroduces a 
degree of uncertainty in the final population. 

Some continuous. multi-compartment pans are full seeded. in fact. by con- 
tinuously pumping a prepared magma into the first compartment. 

Seed Slurry Preparation. Using a standard laboratory ball mill with 
porcelain jar and flint pebbles, a mixture of one Ib of powdered sugar per one quart 
ofisopropyl alcohol. ground for 24 hours, will yield a practical slurry for seeding.' 
The Ditmar slurry mill is being used by some boilers. It is reported to have a greater 
milling capacity. Seed size above 15 to 20 p requires large amounts of seed 
materials. Seed size below 5pinvolves such small amounts of material that slurry 
measurement and handling errors become significant in establishing an assured 
papulation. Typical slurry volumes are (182): 

White pans use 130-150 ml slurryllOO0 cu ft massecuite 
Intermediate pans use 160-220 ml slurryIlOO0 cu ft massecuite 
Raw pans use 450-600 ml slurryIlOO0 cu ft massecuite. 

These seed volumes must be adjusted to accommodate the variances of individual 
pan circulation. heat flux. vacuum uniformity, and saturation measurement errors. 
MA-CV (see pp. 547-548) analysis of the individual strikes will permit a rapid ad- 

IPOO-x 

I O 0 4  

Figure 12-29, Rclatirc tile of d. 

-cr1116a1 CI".I., 

L a l l l ~ ~  Unll 

'See refs. (1 19,123.127,141.165.181.197,234,302,337,393) 
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L 

justmenl of slurry volume to yield a more reliable graining technique. 
Seed slurry injection into the pan should be made without a simultaneous air 

introduction. T o  insure generation of the full population. an alcohol flushing of the 
seeding apparatus is common procedure. 

The usual isopropyl alcohol seed slurry tends to settle easily. To automate 
batch pans more reliably and completely, Madsen and coworkers (207b,207c) sug- 
gest grinding sugar in a pol~ethyleneglyctrl solvent to obtain a slurry having a 
viscosity matching that of the pan syrup. Settling is less rapid. 

Early descriptions of seed preparation for conlinuous boiling included a pro- 
portional. vibrating feeder for dispensing screened, dry crystals into a p ~ -  
supersaturated feed syrup, flawing into the first compartment of the pan. This 
system can he elegant in simplicity. hut massive in logistics (88,99,100). 

A continuous grinding mill, fed with just-completed magma. is an integral 
part of a closed loop seeder for some continuous, multi-compartment pan systems 
(15h). Fig. 12-31. .~ . . 

Feed 
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Several continuous boiling systems are, in essence, full seeding. The elements 
of "einwurr' boiling are noted in some magma systems. The crystals separated 
from a low-grade boiling are mingled with a higher purity syrup to form a normal, 
pumpable magma. Upon entering the first stage of the crystallizer, the a y s t a l s  s h -  
ply &gin to gmw, thus the term "crystal enlarger" typifies the nature of thev 
systems (273a). 

If a reduced CV in the final product is of significance, the above magma 
method can be modified (71h,240a) by classification of the seed prior to use as the 
continuous magma footing, Fig. 12-32, Oversize is recycled through a grinding mill. 
The intermediate, selected fraction is mingled as above as the continuous seed 
source. The undersize with its "affination" syrup can be used as the footing far the 
initial boiling. 

1-1- 1 - 1 7  /sturrv 

'Fines' Slurry Of 

cry.lol. 

Continuous 

Fooling 
J MO.Jm.3 F O ~  

M a q m o  Pump 8 

I 
?igurc i z . ~ .  cisuiiicd .izc mi fur ,Ivagrra r r d ~  LuIIIiIIuuu. crys~a:iicati~8., I LA c:.,.,xi~at;olj. 

The continuous, single tank crystallizer, Fig. 12-73. depends upon initiating 
secondary nucleation. first with a batch of seed slurry, and second, establishing a 
self-sustaining nucleation, part by continuing secondary action and part by an exter. 
nal classification and recycling of undersize product. 

The nucleation rate in such a system is shown as curve "N" in Fig. 12-33. 
The linear growth rate is curve "G." A carefully controlled and sustained excursion 
into the intermediate saturation r a q e  can continuously induce secondary seeding 

Supersaturat ion-  

- 
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Kelly and Mak (188b) explored salt-nut systems for homogeneous precipita 
tion. An average particle sire of 4 . 6 ~  was obtained with methyl cellosolve as the 
third component. With ethanol, panicles with an MA of 6Op were farmed. The 
particles were examined under an electron microscope and were generally observed 
to be porous structures. 

Battelle (22a) developed a similar salcout system using polar, organic solvents 
as the third component. 

Randolph and co-workers ( 2 9 2 ~ )  have successfully developed a continuous 
salt.out system, using a mixture of organic solvents in a MSMPR-type crystallizer. 
This patented unit is an integral part of the continuous boiling system of one U.S. 
refinery (270a,270b). 

Supersaturation Dur ing  Nucleation. The  Kelvin equation identifies the 
theory of enhanced solubilities of very small crystals (IC). This greater solubility has 
influenced part of the nucleation procedures developed through the years. In 
"boiling-to-grain," the sugar boiler evaporates and concentrates until the first 
"sparklers" appear. He  continues to wait for particle growth, and then saturation is 
reduced. Fig. 12-28. The larger "sparklers" will continue to grow. Relieving ofthe 
supersaturation reduces the solution energy level, and some very small "sparklers" 
may be dissolved. 

Achieving size of normal stability is estimated in Fig. 12-34. A reaction energy 
curve has been modified with particle size as the ordinate axis. I t  is probable that 
the higher satmation level is often used longer than necessary, as process insurance. 

or, Lalllr.  

pigym 12.s1. P r s d d  appmxirnadon of u t ~ m t i o m  for n i v d  nucleation and d i n g :  
m) hornogmmw, critical duster, ufurnlion rnsinuind until risible "ipnrklm" I P5u . 
b) heterop2mui nucleation with 14 ~1 find, gmund rrd d n q ,  .ntuntion mainmind 

c)"fuU rrdd" with natunl circulation. 
d)fuU rrdd with fond rirculation. 

until risible " .prklm" P 25". 

&add .ma is extra "inmrsm+.. .I built inlo mrne hatch and conlinuoui iptemi Corn. 

The size scale abave the reaction curve helps us realize that the homogeneous 
nucleus incwases in size very rapidly at first. This leads to the speculation that the 
first Structure formation must be by agglomeration of many clusters into a mosaic 
structure which soon reaches the "sparkler" size. 

p r e  thin "rraction curve'' with iu eqquivaleol in Fig. 12-1 and 12-25, 

. ,  1 
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In very pure solutions. this may bc a matter of one or two minutes. With the 
elevated viscosities of impure syrups. assembly of the structure may require 15 to 20 
minutes. 

With such speculation as a background, we can better appreciate the 
magnitude of the activity that has taken place before we can ever see the new 
crystals. The simplicity of "full seeding" with larger-size milled seed is apparent. 

Crystal Growth 
M a s  Transfer. Crystallization is the transfer of sucrose from the solution 

phase to the solid phase. Supersaturation is the measure of the "pressure" or driv- 
ing force to cause this transfer to take place. Resistance to the transfer of sucrose 
molecules from the liquid phase to the solid phase is of two forms: 1) resistance to 
diNusion or movement of molecules from the bulk of the solution to the surface of 
the solid: 2) overcoming those energy requirements necessary to shed the water 
sheath, to orient into the lattice "fit" position, and to jump. or otherwise move into 
the lattice vacancy. 

In the comparative evaluation of various mathematical models of growth, 
Ohara and Reid (258a) compared rates for various inorganic, ionized salts as well as 
sucrose, Fig. 12-36. T h e  general power function of supersaturation was used for 
curve fitting: 

R = f ( S F  ( 1 7 )  
where: R = growth rate 

S = supersaturation 

Based upon Smythe's dam (27a,343b,343c), the family of growth curves indicates x 
= 1 (a IinearproporGonality) at higher saturations, and x-2 at lower saturations (a 
second order rate limits the net grow& realized). Two interdependent, successive 
isaction s t e p  are needed io isfins the i~--jtal!iia':on-fror;.;olu':on unit proccsi. 

n,. ,, ,r,.... - 

Syrup Film -' ' 

rose . 
l e r  

. .  . .. . .  , 

:.' .' 'Bulk 
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f i w m  12.35. Molccubr.rliril, *~rrplnl~urls~raod m lsminsriurlrcclilm. T m m d o n q u s .  
lions am o d d  Io darribc nbr r p r a i l c  x t i v i t i a  and a8 the sugar molrrula more ihmugb tbr L- 
mndilion. ~n r r i c ~ .  the dow<r raw ru ahr o.<mll I P ~  lor growth 

Fig. 12-35 represents recent growth rate data f o r  sucrwe. At hiqher saturation 
Icvcls. a lirst-order rate prevails. while at lower saturat~ons, a second-order rate is 
dominant. Silin (3tOb) identilied a two.sicp mechanism fix crystal yrowth: a) diffu 
sion of molecular sucmsc through the surrounding syrup. and b) the surlarc kinetics 
or the incorporation of these molcculcs into the crystal latticc. Fig. 12-35. In Lhc 
first step: 
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where: RI = rate of diffusion 
kl = diffusion constant 
d 
Cs = concentration in the solution hulk 
CI 

= thickness of the nonaetated syrup film (up to 2 5 0 ~ )  

= concentration in the intermediate layer next to the 

= reaction order (usually x = 1) 
crystal surface 

x 

For the second step: 

Rz = k2 *(Ci-C,)y 
where: RZ = rate of surface incorporation 

kz  = surface kinetics constant 
C, 

y 

= concentration at the crystal surface ( 2 5 2 )  

= reaction order (y varies from 1-2) 

('9) 

Arrhenius (IC) observed that rate constants showed a temperature dependence 
expressed as: 

k = ~ ~ - E ' l l t T  

Where k = reaction rate constant 
A 
E' 

R = gas constant 
T = temperature in O K .  

= precxponcntial or frequency factor 
= acdvation cnergy, a characteristic energy that must 

be added to the reactants for the reacdon to occur 

1 , , . . , , , . . . . . . . ./ . , , 

Figum 12-56. Gmrth nicl for pure IYC-. 

The BCF Surface Diffusion M d c l  appears a p  
plirahle (ZE&). Smythc uud high stirring rat- 
10 reduce cffccta of fluid r e l a i t y  (%?.+ 
(Reproduced by covrluy of P m l l r r H o l L  
IW.) 
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The activation energies for diffusion, for viscosity, for nucleation. and for 
crystal growth all have different values, thus we can expect different reaction rates at 
dimering temperatures and concentrations. 

Both the transport and surface reactions are influenced exponentially by 
temperature. hut other factors alter the net relationship of both. In diffusion, there 
is a structure~hreaking influence upon molecular flow. In surface activities. there 
are comparativelv low energy van der Waals attractions, hydrate-bond breaking. 
and impurity-desorption bond breaking, all of which slow down the rate of sucrose 
incorporation. The dipole and molecular lattice structure demands that the oncam. 
ing molecule lose its three freedoms of rotation and become precisely oriented and 
positioned, IO be accepted into the lattice. 

There are many aspects of sucrose crystallization rates that still need to be ex- 
plored and defined. However, the work of many investigators provides a practical 
consensus of understanding: 

I )  The diffusion and surface reaction rates both contribute to the net growth 
rate, observed and measured. 

2) At low temperatures, the rate of surface incorporation is at a rate far below 
the diffusion rate. T h e  net rate approaches second order - surface kinetics control. 

3) At intermediate temperatures ( a b u t  50°C), there is a transition from 
second-order to first-order rate. 

4) At higher temperatum, the surface kinetics far exceed the diffusion rate, 
which becomes the limiting first-order rate. 

For crystallization.by-boiling procedures, practically all of the activity is above 
50 and is at moderate-to-elevated supersaturation. The simplified growth rate 
equation becomes: 

On the basis of growth on all the surface area of the crystals of the crystal slurry 
system: 

In equations (21) and (22), and in the following original graphs of Smythe's data: 

C = gm sucrosellOOg H20 in the solution being studied 

S = supersaturation = (C - CO) 
Co = gm sucroseilOOg H20 at equilibrium solubility at the same temperature 

In the original graph of  Ohara and Reid (Fig. 12-36), the concentration driv 
ing force is expressed as % Sa where: 

ss - CB-CRE - c-0 
CUE co (23) 

In Fig. 12-37. a crystal surface is surrounded by a supersaturated, in- 
termediate film of syrup only a few 8, thick. Sucrose molecules in this layer are the 
source of sucrose for the surface kinetics of crystal growth. From this layer, the ad- 
sorption on the surface, the orientation. the bonding into the lattice, the desorption 
of displaced hydration water, the desorption of displaced impurities, and the dim"- 
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siowmigration of these desorbed products into the outer mass of mother liquor will 
materialize. 

For continuation of the surface incorporation activity. the concentration of 
sucrose molecules in the intermediate film must he sustained by constant diffusion 
of other sugar molecules through the surrounding laminar film and from the bulk 
syrup. 

If the crystal slurry is only gently agitated, the diffusion path for sucrose 
replenishment ofthe intermediate layer is the more difficult, longer path and the dif- 
fusion rate may (will, for sucrose) limit the growth process. 

If the crystal slurry is strongly agitated, the turbulence in the bulk syrup may 
disrupt the surrounding film to as little as 11100 inch final film thickness. 
(Estimated from the theoretical model of "boundary layer" (215d), Fig. 12-37). 

In the theoretical development of the "viscous flow" model, Fig. 12-7b, 
Adamson (IC) and Hughes (173a) identify that by definition. zero-flow must prevail 
at the solid-liquid interface. Ifcach successive micro "plane of fluid shear" in the li- 
quid is assumed to be 10% and that the Ill00 inch thickness of the  macro "viscous 
sub-layer" is realistic. there should be some 250 000 planes of shear in that 11100 
inch. Fluid flow rate in those first several hundred shear layers, immediately adja- 
cent to the lattice surface, will be negligible to zero. Diffusion through these remain- 
ing 2 500 000 8, is a residual, rate-liming factor as evidenced by various in- 
vestigators, and Smythe, Fig. 12~37.  

lmoclcr yma ,ram., 

I 'See rrfs.(89,I73a,l90~.2 15~343a.397) 
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Smythe’s data not only illustrate the benefit of fluid movement upon reduction 
of the dilfusion rate resistance, but even more particularly identify the asymptatical- 
ly limiting aspect of this benefit. These data suggest a doubling of growth rate for 
only nominal agitation. 

In general, at high saturation and low turbulcnce, the system tends luwards 
mass-transfer or dilfusion control, while at low saturation and high turbulence the 
control becomes that of surface reaction (358). Many authors (27,3?5) report 
favorable results with agitation. Various stirrer speeds are given, but a quantitative 
hydraulic environment is seldom defined. 

The Rodgers and Lewis data (298) on the elfect of circulation rate on bound 
moisture and ash content of thc final product can he interpreted, in pari. by the sur- 
face mechanism of crystallization as fallows: 

1. Sucrose molecules must shed their sheaths of hydrated water molecules to 
be accepted into the lattice. The water molecule concentration rises near the crystal 
surface and increases the probability ofthe relatively small water molecule being oc. 
casionally incorporated as an interstitial impurity. Powers’ exhaustion sleeve cx. 
periments demonstrate the presence of the dilute layer (278). 

2. Impurities rejected by the lattice tend to accumulate, just as water, and 
become considerably more concentrated at the lattice surface. Wilcox (427) has 
pointed out that occlusions may contain liquor even more concentrated. with 
respect to impurities, than the mother liquor from which the crystals were grown. 

A reasonable circulation rate would reduce the surface film thickness and 
lessen the probability of impurity incorporation. 

Growth Mechanisms. The macroscopic observations of crystals and their 
growth provide an insight to the molecular aspects of crystal growth. Plane faces 
establish the geometrical boundary of the crystal. Growth mechanisms appear to 
have some restraints which promote the layer growth on those plane faces. Lapsed. 
time photographs of growing sugar crystals have confirmed the assumptions of 
growth by layers moving across the crystal surface (279.282). The step height is 
quite low as compared to the distance between steps. This can be deduced from the 
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relative constancy of the interfacial angles. Powers' cinemicrophotos and the spiral 
growth reported by Alban and Dunning (2,3,83) have opened new vistas in the 
understanding of crystal growth, not only for sucrose but in many new fields. 

Of the various sites for a molecular "fit" into a lattice, Figure 12-40. each has 
an energy status or binding energy. These energy levels suggest a mechanism of 
growth. As the model is examined, the environment should be kept in mind: 

1) The lattice model is surrounded on all sides by a multitude of sucrose 
molecules in various stages of hydration; 2) the lattice surface retains bound hydra- 
tion water; 3) the intermolecular collision forces; 4) unassociated water molecules 
tending to separate the sucrose molecule from its position on the face of the lattice; 
5) and the variances in all the above due to concentration and temperature fluctua- 
tions. 

The total binding energy for a single sucrose unit would be the sum of energy 
between the single unit and each adjacent neighbor in the lattice. In Figure 12-40a. 
the "A" position is the least stable and could he swept away again into the solution 
by molecular impact, thermal fluctuation, or saturation fluctuations. 

Position "D" yields a third-level stability, and, in turn, provides a third-level, 
adjacent site far another oncoming molecule. The probability a f a  vacancy at "E" is 
law, and the probability of an "H" yacancy is even more rare. Thus it must be  con^ 

cluded that the "D" position has the greatest probability ofexistence and provides a 
reasonable level of stability. This "repeatable step" structural configuration pro- 
vides the hasis for layer growth, Figure 12-40b. 

The separation between steps can be related to the lower probability of an 
"A" position building block remaining long enough for an even lower probability 
second building block forming the "B" condition. The concept of "A" and "B" 
type units, migrating across the face of the plane surface to the repeatable step, ac- 
celerates the rate at which units are deposited and bonded at the step (361). The  fur^ 
ther development of an edge TOW or a corner will provide the initial ''D? condition 
far the next repeatable step. 

The formation of new steps has a low probability, and thus growth rate has 
been calculated as being near zero, or at best, very slow (48). Actual growth rates 
suggest that an additional factor is involved. Frank's dislocation screws (106)  pro^ 

I 

I 
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vide the need far a continuously forming repeatable step, Figure 12-41. These 
dislocation screws have been observed on sugar crystals as moving spirals (83). Such 
screw steps must be multi-mulecular in height, to be visible with optical 
microscopes, Figure 12-42. 

Deposition rates in the magnitude of 50 layers per second are necessary to ac- 
count for a crystal 0.5 mm in length within the usual high grade strike boiling time. 

The association mechanism in the liquid phase leads to a speculation as to 
how the C!VES!PT.I enter into the l i t t i r ~  hni!rling activities. Rnnrling energies we reach- 
ed which permit association, but which are insufficient to nucleate homogeneously. 
The clusters are of suflicient energy to deposit in a kink or step of macroscopic 
dimensions in a manner resembling molecular, single-layer step growth. 

It is suggested (288) that in saturated or slightly unsaturated solutions, such 
clusters continue to exist and alter the subsequent crystallizing characteristics of that 
solution or syrup. 

Grisdale (136) postulates that these clusters or aggregates may be of sufficient 
size to constitute a colloidal system with its electrokinetic potential harriers. Long 
range van der Waals-London forces which may be effective over several hundreds of 
Angstroms distance, may be the driving force for the surface mechanism growth. 

While the step theory of growth is in a single molecular layer scale, the cluster 
effect and the visual observation of step growth suggests a zone of considerable 
thickness. Gamer (1 13) refers to “polymolecular sheets” and a visibly detectable 
series of steps. 

The lack of sharp resolution of X-ray diffraction studies of some crystals, sug- 
gests a mosaic structure (93, 41 1). A subassembly of blocks of relatively perfect unit 
assemblies can be visualized. The resulting block wall is ill-fitted, having frequent 
misorientations of several seconds of arc. Such mosaic structures would be more 
probable in elevated supersaturation environments. 

Imperfections and Occlusions. Dunning’s (84) graphic confirmation of the 
range of variance of growth rates of individual crystals in identical environment sug- 
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gests such variance is related to a structure-sensitive growth process. 
Surface imperfections on sucrose crystals are essential to acceptable crystal 

growth rates. It is probahle that future investigators will demonstrate the need ofoc- 
casionally introducing a new set of surface imperfections by short intervals of an 
etching environment, to reestablish an acceptable crystal growth rate particularly if 
large crystals are to be formed. The technologist must strive for imperfections which 
enhance the growth rate and the system economics. hut he must also avoid those im- 
perfections that are degrading to the product quality. The influence and importance 
of imperfections is common to crystal growth of nearly all chemicals, minerals, and 
alloys. A brief, partial list of kinds of imperfections follows ( I  12,360,426): 

A. Poinl DeJefecls. 
I .  Vacancy-a lattice site which is unoccupied. 
2. Interstitial-an extra molecule in a normal, filled lattice, and 

usually causing lattice strains. Single interstitials are additional molecules found 
in a single lattice unit. The extra molecule may be ~ u c r o ~ e  or of foreign nature. If 
the foreign molecule is relatively small, the lattice will not distort, such as water 
molecules in sucrose lattice. Powers (280, 281) reports up to 0.4% “bound 
water” in large crystals, a portion of which may be interstitial. 

3. Substitutional-a foreign molecule occupying the space normally 
filled by a sucrose molecule. Substitutional impurities require a reasonable lar- 
tice fit and energy fit. Raflinose is the most prominent of the substitutional im. 
purities. It is believed that some ash and colored degradation products may be 
substitutional. 

B. Linc Defecls. 
1. Edge Dislocations-a wedged-in, extra “slice” of lattice units, 

terminating externally. Line defects may be formed by internal thermal stresses. 
However, the crystal mass and the temperature environment normally found in 
practice suggest this is a minor source of defect. Examination of a nucleation event 
suggests that the clustering or agglomeration of molecules to form the nucleus 
yields a denteric or mosaic, ill-fitted svucturc. As the embryo grows, the spaces be- 
tween the dcnteric branches begin to fill in with a very high prohahility ofmismatch 
and dislocation formation. 

2. Screw Dislocations-an imperfection equivalent to a partially 
sheared and slipped lattice, yielding a helical ramp, upon which spiral step 
growth becomes established. Frank’s screw dislocations result from the more 
complex of the structured mismatches noted above in which a ramp farms. An 
unending step growth mechanism facilitates rapid growth. 

C. Phnc Defecrs. 
1. Grain Boundaries-the interface between two continuous crystals 

of dissimilar orientation, yielding poor molecular fit. Grain boundaries are com- 
mon in all clusters and also in a single crystal which has avergrown a small 
crystal adhering to its surface. 

2. Coherent Boundaries-the interface between two crystals with a 
relatively good molecular fit, for example, twin crystals. 

D. Inclusions. 
1. Bubbles-cavities filled with gas or mother liquor. Gaseous bub- 

bles from the mother liquor adhere to the crystal surface and become 
overgrown. As the practical environment at growth is in a vacuum, it would not 
seem that many air or vapor inclusions would form. 
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Liquid-filled bubbles occur frequently. Pits or corners provide the sites 
for overgrowth of a portion of mother liquor into a bubble-like cavity. 

Delavier and Hirschmiiller (74) report inclusions of solution and air in 
crystals growing from pure sucrose solutions. The numbers of inclusions were 
in accordance with the rate of crystallization and the solution conditions. It may 
bc reasonably concluded that the bubble inclusions are not caused by impurities, 
but are the result of the cyclic effects of high heat transfer rates, irregular cir- 
culation, feed variances, and other boiling mechanics. 

2. Fjords- deep canyon-like fissures. Repeated dissolution and re- 
growth have been demonstrated as the function of deep etches in the form of 
channels or grooves (203, 428) or fjords (280). These fissures seal over as the 
crystal reforms its former sharp outline. 

Mackintosh and White have demonstrated considerable variance in etching 
and regrowth among crystals treated simultaneously in the same environment. It is 
suggested that the number of etchings is related to lattice defects. The defects ap- 
pear to predominate at the edge of a crystal plane. The number of inclusions 
decreases with an increase in temperature. 

3. Veils-thin layers of small occlusions. Veils of irregular orienta- 
tion and shape have been observed to be the result of thermal stress cracks that 
form, fill with mother liquor, and seal over (281). Other veils are the result of 
area overgrowth. It has been suggested that a localized surface area becomes 
blocked for further growth. Growth rate decreases, and surrounding areas 
bridge over to seal off the "poisoned" area. Then growth rate is resumed. 

4. Planar envelope-oriented veils parallel to a crystal face. The 
planar envelope is a series of veils formed by changes in growth environment. 
The outer surface of the crystal experiences a greater than normal occlusion 
situation on a cyclic basis. The veils form a series of envelopes representing the 
previous crystal surfaces, and thus form the oriented. parallel planes. 

5 .  Clouds-clusters of fine, spherical droplets, probably the result of 
saturation variances. 

6. Solids-small cystals or fragments. foreign particles. Ncarly all 
samples of massecuite will have some large crystals with an occasional adhering 
small crystal. Depending upon the combination of the faces exposed to growth, 
the small crystal may become overgrown or may continue tu grow rapidly enough 
to retain its individuality. 

Turbid pan feed syrups invariably yield crystal crops with occluded insoluble 
matter. Screw dislocations can be formed by growth around an adsorbed foreign 
particle (374), Figure 12-43. 

Again referring to the growth equation (I) ,  the area factor can now be 
recognized as not just a simple macroscopic surface factor. Spirals. pits, and the 
specific face being considered are among the several complexing factors. 

For practical purposes, line defects are the keys to crystal growth rate. Their 
presence greatly enhances growth but does not necessarily increase the population 
of inclusions. Further process technique improvements will undoubtedly reduce 
p i n t ,  plane, and inclusion defects, and thus will reduce the impurity content. 
Growth rate could then bc optimized at a higher level. 

Impurity Effecta. Coloring matter and other degradation products, 
nitrogenous substances. salts, turbidity, and colloidal material vary in their growth 
retardation effects. The molecuar fit into the lattice, similarity of portions of the 
molecular StNCtUE, the hydrogen bonding capability of some of the degradation 
fragments, the shifting of solubilities through phase relationships, and concentration 
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elfects are some of the retardation factors (46). 
An approximation tool for closer correlation of impurity concentration and 

retardation has been provided by VanHook through application of the activity con. 

Mak (208b, 208c) indicated the behavior ofionic impurities upon growth rates 
is currently related to the adsorption of those ions at the polarized hydroxyls expos- 
ed at the crystal face and on the surrounding sucrose molecules. Adsorption of the 
ions reduces the elfectiveness of these growth sites for hydrogen bonding between 
sucrose molecules. 

Present studies suggest that some of the dilferences in growth rates can be 
related to the ionic radius and the electro-negativity of the various ions. 

Many impurities are occluded in the lattice structure by the overgrcwth of 
material trapped in a pit or etching in the crystal's surface. Mackintosh and White 
(203) have studied the numbers of occlusions as related to alternate periods of 
dissolution and regrowth. As will be detailed later, such saturation changes are 
realized in some poorly circulating pans. Increasing temperatures yield corn. 
paratively fewer occlusions. Schliephake and co-workers (323) report that coloring 
matter and higher molecular substances are adsorbed to a lesser degree at the higher 
temperatures. 

cept.' 

'See refs. (250,389,391,996,399) 
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Figure 1244. EIf.ri of i n ~ r t  sugar on c i id 
growth r m .  Circulation rate corntam at?,m 
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Crystallization provides an elimination :tor of 99.5 to 99.7% ' most im- 
purities (259). As impurities accumulate at the crystal surface, polar sucrose 
molecules tend to reject the nonpolar species. The higher attraction bctween polar 
molecules tends to squeeze out nonpolar intruders. Hydrogen bonding has a similar 
effcct (145). 

Ionized impurities can, to a degree, bc considered as "swept away" from the 
surface by the clustering of water dipoles around the ions (253). 

Verhaart and co-workers (41 1) demonstrated, Figure 12-46, that sodium, 
potassium, and lithium salts arc excluded from the lattice and as being adsorbed. 

The results of one series of tests arc related to the amount of one ion (B) added 
at the start of the boiling of a crop of crystals while the sister ion (A) was added after 
crystallization and just prior to purging. 
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Table 124 

PPm 
in M w .  

ppm in sugar 
"nnl in Mass. " .. 

K Na K Na K Na ~~ ~ ~~ 

5710A 55308 76 77 1.3% 1.3% 
35008 242OA 36 23 I .n 1.0 ~~ ~~ ~~~ ~~ 

303OB 2610A 38 36 1.3  1.4 
2840A 25958 26 29 0.9 1.2 
9888 G85A 14 9 I .4 1.3 
794A G89ll 12 1 1  1.5 1 .G 

"be residual impurity is a function of the amount of wash water used in the 
centrifugal and to an incomplete washing of the "hack side" of the cryscrls, as 
related to the location of wash water sprays. 

Delavier and Hirschmuller (74) have been unable to confirm a relationship 
between crystal size and ash content. They reemphasize that uneven solution en- 
vironment yields uneven crystal composition. 

As syrups increase in impurity, the solubility of sucrose is altered (Figure 12-9) 
and the family of curves of Figure 12.10 will shift up or down scale, depending 
upon the specific impurity. In low-grade boiling, the general influence of purity on 
the metastable zone is shown in Figure 12-47. 

Some impurities are physically adsorbed on the different faces of the crystals 
in varying and selective amounts (1 16, 253, 400). A portion of the lattice sites 
becomes blocked, thereby reducing or retarding growth. Crystal habit modification 
becomes evident. 

Frank's spiral growth centers show the effect of impurities through the ohscrv 
ed shape oftbe spirals. Dunning (85), Figure 12-42, reports sucrose spirals of a "D" 
shape on the 100 face with the flat part of the "D" perpdicu lar  to the 010. 
Square and uiangular shapes have been observed as well. 

Addition of I .5% raffinose changed the D.shaped spirals to irregular shapes. 
He reports a restoration of the D shape after replacement of the raIlinose solution 
with pure sucrose solution. A two-dimensional habit change is indicated. Dunning 
suggests that the impurities are relatively strongly adsorbed and trapped by the 
growth of the step. Glucose, fructose, galactose, maltose. lactose, and melibiose did 
not cause modification. 
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Figure 1247. lnflvcnceof puriryon l imi tad  
metastable zone. 

1.2 - 
8 0  70 60 

PUrl tY  

Mantovani (2 IO)  and Smythe (343a) have illustrated sucrose molecular mien. 
tations in the crystal, the hydrogen bonds between molecules, the dipole nature of 
the molecules, and the variance in the exposed bonding sites far each face of the 
crystal. The varying steric fit necessary at the differcnt surfaces becomes evidcni. 

The dipole nature ofthe sucrose molecule is essential to the molecular orienta- 
tion at the surface (340). The hydrogen bonds are the "glue." 

Ion-exchange is most helpful in reducing the tonnage of impurities in the 
syrup and correspondingly reduces the sucrase loss in molasses. Ion-exchange will 
reduce the effect of ionized salts and coloring matter and organics carrying a charge, 
and thus will partially restore the crystallization rate. Those syrups containing raf. 
finose and other selected sugar impurities will continue to be characterized with 
retardation and habit modification. 

Dextran products of various molecular weights result from infections of 
Leuconorfoc. Sutherland and Paton (366) have demonstrated a remarkable, needle- 
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like elongation of the C axis of the crystal by the highly 1-6 linked dextran (see 
Figure 16-2, p. 546). The lower 1-4 and 1-3 linkages also yield refractory and slow- 
boiling syrups, but show little C axis elongation. 

Vavrinecz (404) correlates a large number of mother liquor environments and 
illustrations of habit modification. 

Variance in  Individual  Crystal Growth. Studies of particle size distribu- 
tion of sugars crystallized under various conditions indicate conclusively that Mc- 
Cabe's AL law (13) has degrading interferences. Wright and White (439) and 
Schliephake and co-workers (323) have used distribution curves to illustrate such in- 
terferences, Figure 12-49. 

Among the factors involved in the degradation of the particle-sire distribution 
the following must be considered: 

I .  Variance of supersaturation across the face of any given face of a crystal. 
This will be dependent upon the embryo initiation and the population of structural 
defects originating at that time (47, 440). 

2. Variance in the inhibiting effect of the several kinds of nonsucroses and the 
boiling temperature (323). 

3. The concentration of impurities in the mother liquor and the delaying of 
their effect during the strike or crop growth. The use of activated carbon or 
macroreticular ion-exchangers will reduce some of the concentration and inhibiting 
effects. The feeding of impure syrup should be delayed through the use of 
segregated purities. if storage facilities permit, Le., charge and feed as long as possi- 
ble on a higher purity syrup and finish up with the lower punty syrup. Consistent 
with other crystallization factors, a loose boiling will further delay the impurity ef- 
fect. 

t 

- - 
Figure 12-19, Degradation of prriclc 
aizr diaiributionr. (Courtq of CITS) a 
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4. The geometry of the massecuite space in the pan and the elimination of 
stagnant or nondirected flow conditions (286, 438). 

5. Variance in supersaturation as massecuite flaws along the pan's heating 
surfaces. Those crystals close to the heating surface become elevated in temperature 
and depressed in saturation until heat can he released (412). With plug-flow as an 
extreme condition, those crystals only a fraction of an inch away from the heating 
surface may experience little if any change in their saturation environment. Tur- 
bulent flow will lessen the saturation depression effects, Figure 12-50, 
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A high density feed syrup, a low temperature vapor boiling, and a heat input 
just sufficient to evaporate water in the feed only, will reduce the saturation depres- 
sion effect at the transfer surface. 

Forced agitation will reduce the hydrostatic effect on the boiling temperature 
at the submerged heating surfaces.' 

Figure 1250. Saturntion rnvironmrni 
for try8tal gmxih. natural eircuhrion 
Ver8". forced firrulstion. 

T i m e -  

F i p n  12.51. Gradual change in CSD with 
boiling time. Ikgrcc of change dependent 
upon: .)boiling time. b)qusliiyofmnpecuire 
cixulation p i t  aupcrhearcd h u t  tramfa IUF 

Batch Sugar Boiling 
The Batch Process. Broken down into its elements, the batch sugar hailing 

process is relatively simple. Manipulation of just three valves is needed to achieve 
repeatable environments in each of the four phases of each strike. Consideration of 
the process in these simplest elements permits the trainee sugar boiler to accelerate 
considerably his learning and mastery of the technology. It also permits the 
logical application of measuring devices to sense and control the values existing in 
each of the four steps, thereby reducing art to basic physical chemistry and applied 
chemical engineering: 

'See Refs. (7,299,309,312) 
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1) Introduce sufficient syrup to cover the heating element and concentrate to a 
supersaturation suitable for a controlled nucleation; 2) initiate an embryo crystal 
population which will yield the desired final product size; 3) maintain a saturation 
environment which will yield an optimum crystal growth rate; 4) and, as the batch 
size is reached, continue to maintain a stable saturation and concentrate or "Brix- 
up" the strike to an optimum crystal yield. 

Operation of auxiliary on-oN valves in a relatively fixed sequence permits 
discharge of the batch of crystals, a cleaning of the pan, and a reestablishment of 
vacuum for the next cycle. 

Absolute prcsure. The uniformity of the vacuum in the pan is critical for 
uniform grain establishment and to avoid conglomeration in the early portions of 
the growth period. A sharp reduction in absolute pressure during the Brixing period 
can induce a secondary fine grain. Individual condensers and noncondensable 
pumps yield individual flexibility and reliable control.' A step change of set point of 
an absolute pressure control should yield the step response illustrated in Figure 
12-52. 

Although variance of the absolute pressure is one technique to control satura- 
tion, a uniform and constant absolute pressure is essential and is recommended for 
simplicity of saturation control, see Fig. 12.551. 

Figure 12.52. Exdlenrc of lcmprrntvre rap- lo 4b.Olutc p-urc regulation in a eircuhled pm 

'See Refs. (69,70.176,225,246.308,344,35?,424) 
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Grain ing  Charge. A graining charge volume of 25% or less of the final 
strike volume is considered desirable for uniformity of crystal crop establishment. 
As the crystals at inception are of negligible volume as compared to the mother l i -  
quor, the space between the nuclei is great. In these spaces. fluctuations may can. 
tinue to start additional embryos on their way as a second or even continuing crop. 
With larger initial volumes, the probability of stagnation volumes is greater and the 
parallel probability of conglomeration is also greater. The equipment design, of 
course, fixes the charge-to-strike volume ratio (71,124,231). 

The elimination of centrifugal grain or foreign suspended matter is an ohviaus 
prerequisite to controllable nucleation and growth. 

n 

m.-uil. bell. 

Micrs’ Chart a n d  BoilinK 5 

C 

:me. The Miers chart, Fig. 12-54, is useful in 
illustrating the temperature-supersaturation relationships during a boiling cycle. 
The change in absolute pressure in scheme A-B-C-D introduces saturation 
“bounce” if not performed well. Fig. 12-52 introduces a fluctuation with each step 
change in absolute pressure. C & H (129a) and others ( l l a ,60 )  have used a 
characterized cam to effect a smoofh temperature lowering. far example, cooling a 
low-raw boiling prior to dropping the massecuite into the coaling crystallizer 
system. This boiling pattern was typical of most “boil-to-grain” procedures in 
earlier years. 

A constant pressure, full-seeded, forced circulation boiling would probably 
resemble the EFGH scheme. The excursion into the intermediate zone, point G .  is 
typical of many full-seeding schemes (207a,370a), Fig. 12-54. 
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For a minimum heat requirement, the JK scheme would represent a presuper- 
saturated feed and charge syrup. constant absolute pressure, and full-seeded. farced- 
circulation boiling. The system of Neilsnn and Chapman (254c) indeed starts with a 
precnncentratcd charge at J in the metastable area, as noted. No Steam is applied un- 
til after the seed starts to grow. 

While there are many options in boiling patterns (221). the essence is: I )  a 
repeatable, controlled condition for graining each successive hatch, 2) constant ab- 
solute pressure, and 3) a minimum fuel use: a high density feed syrup. 
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Seeding Environment. As charged liquors are normally unsaturated, 
evaporation must be initiated by steam admission to the heating surface. Each 
plant's steam system dynamics will determine the rate of steam or vapor turn-on. A 
fast start~up often causes entrainment in the system. Where steam economy is 
carefully practiced, a steam flow limiting device is often used. Calandria pressure 
can be used as a control value, but it is relatively insensitive to improper calandria 
venting and trap action. Steam flow is the more fundamental measurement. 

Supersaturation must be established before seeding can be erective. In the 
absence of mechanical sensing devices, the sugar boiler watches the bubbles and 
splash on the sight glasses at the syrup level. At first. the bubbles rise rapidly to the 
surface and the liquor splash runs down rapidly and drains freely. With increasing 
viscosity (and indirectly, concentration) the bubbles will he elongated and will rise 
more slowly, the light reflections will become more brilliant, and the syrup splash 
will run  down the glass more slowly with slowdraining tails. 

Pan microscopes are of particular help in fallowing the c r p l  initiation and 
growth sequences. Visual observation of particle density, the presence of con- 
glomerates, the presence of abnormal habit and relative size at any instant is a 
positive aid to prompt corrective measures (191,452). 

Crystal Growth. Seeding initiates an irrevocable growth period. Any ir- 
regularities developed at seeding remain throughout the rest of the growth cycle, 
unless detected quickly, washed out. and a new cycle is started. As this is time- 
consuming and destroys capacity, the conditions at seeding must all be correct. 

The  embryo crop is of very small surface area. The  growth in pounds per 
minute is negligible. The cryscals cannot accept sugar except as the surface area 
develops. Any attempt to push the process by means of a high evaporation rate will 
yield a mixed crystal crop (182,362,394). 

"Setting the grain." "maturing," "hardening the grain." "breaking-in of 
grain," are all phrases descriptive of the art but are without foundation from a 
phycica!-rhcrnicz! pcint i f  ~ k w .  Sin;!e ~ u c r ~ ~ e  crjwa!: a:c all -f similar hardness. 
Clusters, when rubbed between the fingers, will shear at  the planes of contact and 
will give a sensation of having been easily "crushed." In our economic haste, con- 
glomerates may be formed. The artisan's descriptive phrases have been useful to 
give emphasis to the value of this time period for initial growth in which patience is 
mandatory (107,413). 

1 Figure 12.56. Conglorncrntc and individual grain. 
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Conglomeration. Rolled grain, spherulitic pain, ball pin ,  agglomerated grain, 
and conglomerated grain are terms describing an undesirable crystal famation, 
Figure 12.56 (left). In contrast, Figure 12-56 (light) illustrates individual, separate 
crystals. Both massecuites, however. suffer from a mixed pa in  problem. 

Powers (286) draws attention to the "fluidized layer" of molecules on the 
crystal surface which may have a capability of cementing crystals together. The sur- 
face tensivn differences of the dilute "sleeve" may a l ~ ~  have Some initial holding or 
retaining effect, once collision has been made. Mnller (244) notes a peak period of 
conglomeration. Initially, Brownian movement from molecular collision becomes 
less a factor and agglomeration probability increases. With still more growth. the 
crystal mass becomes more sensitive to mother liquor movement and the agglomera- 
tion probability decreases. 

These theories suggest mechanisms. The common. practical conclusion is, 
however, that positive circulation will minimize the conglomeration effect.1 Rodgers 
and Lewis (297) reported a C V  improvement in mikes, i.e., 38 for noncirculatcd vs. 
3 1 for circulated. Additional quantitative data of C V  and percent conglomerates 
suggest that pan geometry has a decided influence on stagnation space. Other data 
(60) indicate the yield improvement of high-raw and low-raw bailings through cir- 
culation. Twin calandria pans were used. One was fitted with a circulator. Com- 
parison of a drop in purity between the massecuite and the green syrups yielded the 
fallowing averages: 

l"tC*CdiZ.lC 11.5 (8)' 10.9 (I I )  
Raw 16.8 (3) 16.0 (8) 
*SCI. sfrikcs in ,el, scries. 

The generalization is that conglomeration is inversely proportional to crystal 
velocity in the mother liquor, and is directly proportional to excessive supersatura- 
tion. 

Figure 12.57. Canglomrmtion reduction Temp. : 15.C 
fluid m-men,. Lsboratoq tclu ofdinprrnioo Rnily : 1 0 0  
of rrd c q a d s  and mlatirr fluid movcmeni &,x : 81.1-81.3 
(1SQ). (Rlproducrd by Ma Elm&" 
Sdmr64c Publishimx C 0 . r  5 
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Knavl and Maller (190~) recorded quantitative reductions in conglomeration 
at various impeller rpm. Other tests identified a critical time period (244) (crystal 
growth through the 50p.120fi range) for conglomeration, Fig. 12-58. Ahbott and 
Rich ( I  b) have shown significantly improved yields in white massecuitcs following 
installation of circulators and control systems. 

Product Quality and Boiling Program. Some batch-boiling patterns of 
commercially available, automated and programmed systems are identified as mill- 

'See refs. (60,127,198,287,353,386.388) 
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Figurn 12.59. Critical crpml  sire range of mnglomeration formation. 

ed seeding procedures. The several methods of supersaturation estimation yield pat- 
terns similar to Fig. 12-60. Some possible conclusions might he: I )  natural circula- 
tion. high heat flux, high evaporation rate, high liquid superheat: thus an elevated 
saturation is needed to offset the localized undersaturation and seed melting, 2) su- 
per-fine grind of milled seed, requiring an elevated supersaturation to "baby-sit" 
the tiny fragments through their first, super-suluhility period of growth, and 3) a 
deficient seed population introduced, requiring supplementary "shock seeding" 
(secondary nucleation) for final population adjustment. 

The early-high supersaturation creates a condition of high viscosity and 
saturation during that short interval leading into conglomeration and twinning. 
Some systems use a "heating" or "thinning" approach for a return to metastable 
conditions. With higher purity massecuites. the conglomeration may have started 
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even during the few seconds following seeding. A storage-and-color sensitive final 
product is created in such high purity seeding situations. 

If the pans are so tightly scheduled to productive capacity that one cannot lake 
Ihc timc for milled seeding (as defmed on page 402). should we then consider 
positive circulation and metastable, coarse-milled seeding in a time-saving super- 
soturnled feed syrup? 

Mixed Grain.  Figure 12-56 illustrates the effect of a continuous. 
heterogeneous seeding through neglect of elimination of centrifugal grain in the pan 
feed syrups. Excessive supersaturation. excessive circulator rpm. and vacuum 
fluctuations are also causative factors. 

Refractory Syrups 
With pans having a history of falling-off to a near zero circulating rate, injec- 

tion of some low pressure vapor into the pan feed ring or into a perforated coil 
under the calandria will often restart the circulation and sustain it for the rest of the 
boiling. Injection should be near the outer periphery of the calandria. Any injection 
into or near the center well will be counterproductive. 

The basic cause of the poor circulation should be determined and corrected: 
high lime salts, other syrup qualities, sealed heat transfer surfaces, poor venting, 
location of feed ring. etc. 

Cryrtal.Slurry Fluidity and  Mother-Liquor Viscosity. At seeding, the 
mother liquor structure is a guide to the supersaturation. Fig. 12-2 I .  As the crystals 
increase in size and the space between crystals decreases, their influence upon fluid 
flow becomes measurable and controllable (124,425). Fig. 12-18, 

The quality of fluid dynamics is of importance all through a boiling: I )  veloci. 
ty and turbulence for heat transfer and diffusion rates, 2) product quality; con- 
glomeration and occluded moisture or other impurities, and 9) stiffness as related to 
% crystal yield. 

The terms "loose boiling" and "tight bailing" beg for a more quantitative 
definition. Varying degrees of confusion exist in the literature in the descriptions of 
boiling. The degree of agitation, the arealvolume ratio of heat transfer surface, the 
pressure of the vapor used as heat source, the Brix of the feed syrup, and mother li- 
quor purity are among the items in the compromise reached for the prefemd 
fluidity-stiffness pattern for a given pan. 

With respect to fuel economy, there is a middle path between heat transfer 
reduction due to early increased hydrostatic head and heat vansfer reduction due to 
reduced fluid velocity. 
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With respect to crystal growth rate. a more fluid slurry delays the mother liq- 
uor purity drop. Also, a more fluid slurry enhances turbulence and a reduction of 
diffusion resistance. 

With respect to yield, a final tightness must he achieved. A gradual transition 
appears preferable.' A function generator related to level, can program the optimum 
consistency pattern for any given pan (60). 

An occasional sampling of massecuite during the boiling, for "% crystal" 
analysis will help quantify this parameter. 

Massecuite Height  a t  P a n  Drop. Tippens (369b) compared massecuite 
height and daily pan productivity and found an optimum height to be 5M to 6% ft. 
above the top tube sheet. Others (120,426) have found similar optimum heights 
when evaluated from a CSD spread (see p. 388 and Fig. 12-49) or bound-moisture, 
sugar quality approach. 

The ebullition activity at the top of the massecuite is very intense in various 
areas. This rapid, everchanging rate uf vapor release entrains considerable par- 
ticulate lumps of massecuite. Much of this ejected and entrained material will fall 
back into the boiling massecuite if its velocity is reduced. That which does not lose 
velocity and is carried forward, has been an amazing B.O.D. source and a yield and 
extraction loss. 

Most fabricated calandria pans have been provided with a generous masse- 
cuite belt height. As noted above, a pan has its time-average optimum-boiling 
height. The extra height is designed for entrainment disengagement. Unfortunately, it 
has been used to set super records of bags-per-strike. Also, unfortunately, such prac- 
tice has its inevitable, but less visible, heavy economic penalties. 

Highly visible markings on the face of the pan are recommended for 
"seeding" and for "end of strike." 

P a n  Discharge SteamQut. Pan dischage simply involves shutting off steam, 

'See refs. (109,155,201,235,298,30l,4l3). 
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breaking vacuum, and opening the massecuite discharge valve. However, seemingly 
minor technique often spells the difference between poor and excellent product 
quality. 

Incomplete steam valve shut& will caramelize massecuite. Delayed vacuum 
reduction permits additional flash evaporation and uncontrolled stiffness. Opening 
of the foot valve too early permits air slugs to entrain massecuite which is lost. 

Pan cleanliness is essential to avoid uncontrolled nucleation at the start of the 
next strike and to avoid caramelized or burned deposits an  the heat transfer sur- 
faces. The foot valve must be well cleaned to avoid vacuum leaks during the next 
strike. The steam-out may be strictly a steam injection or it may include a water or 
liquor spray-down. The spray shortens the high temperature environment and 
reduces calor formation, Such fluid should be returned to the melter or centrifugal 
receiving tank to avoid crystal solution in the mixer or mingler. 

Vacuum break by injection of a low pressure vapor is becoming a common 
practice. Air vacuum break involves massive noncandensable removal to reestablish 
vacuum. 

T h e  Artisan Sugar Boiler. With only their powers of observation and their 
memories of the events of prior hoilings, sugar boilers crystallized thousands of tons 
of sugar with only the open kettle. With the introduction of steam-heated vessels 
came the more sophisticated tools: a pressure gauge, a vacuum gauge, and a ther- 
mometer. 

Our sugar boiler continued to rely upon his powers of observation of the 
string-proof, the splash-on-the-glass, and the appearance and feel of the crystal 
slurry on the proof glass, While there have been several generations of equipment 
improvements, several pan floors continue to depend totally upon the sugar boiler’s 
power of observation and his sense of timing. 

Hihbert and co-workers (143b) reported extensive data on sugar quality and 
the various factors affecting that quality. While many pan design features have a 
positive contribution on impmvcd quality. these are reported as “marginal” as com- 
pared to the sugar boiler’s influence. Process and instrument engineers have k n  
simplifying the sugar boiler’s duties to the extent that some are without the basic 
skills to keep the process moving if the little black box blows a transistor or sudden- 
ly is amicted with a case of dirty air “influenza.” Both take time for diagnosis and 
recovery. 

Whether he be called sugar boiler, instrument man. process technician, system 
monitor, or shift supervisor, someone must have the basic skills ofthe artisan bailer, 
a) to fill in for an ailing system, h) to be aware when a system is ill, and c) to con- 
tinuously perform the boiling skillfully in the absence of any  control system. 

Natural-Circulation. Batch Boiling. Good quality crystal crops have 
always been dependent upon a rapid circulation of the crystal slurry. Ebullition or 
the rapid formation and rise of vapor bubbles from the heat transfer surface 
stimulates the movement of the syrup upward. Upon release of the vapor bubbles at 
the syrup surface, the cooler syrup then flows downward through the center well 
and again starts an upward flaw past the heating surfaces. 

To establish a reasonable. natural flow, the bailing rate must be assured by a 
relatively low-Brix-syrup feed and a fairly high steam pressure (temperature). 

To initiate a boiling cycle, the pan is steamed-out, closed-up, and the vacuum 
pump and condenser are started. As the vacuum begins to rise. the syrup charge 
valve is opened. The vacuum continues to rise. As the heating surface becomes hare- 
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ly covered, the charge valve is closed and the steam valve to the heating surface is 
opened in small. spaced increments until boiling has begun. The smaller feed valve 
is opened enough to keep the heating surface barely covered. The  steam valve is left 
throttled or is gradually opened. according to the available steam, the process rate 
that is required, and the vacuum that has been established. This early, boil-down- to^ 
grain period can he extended considerably if a smoothing of vapor draw from the 
evaporators is necessary. 

For a given vacuum level, there will be a gradual rise in temperature of  the 
syrup as it continues to concentrate. The  syrup splash-on-the-bull's-eye glass he- 
comes more brilliant in its light reflection and it begins to run down the glass more 
slowly. A sample of syrup pulled out with the proof stick and caught between the 
fingers will exhibit an increasing consistency or viscosity as the fingers. covered with 
syrup. are spread apart. 

As the syrup becomes more concentrated, the evaporation rate will tend to 
slow down. The condenser water valve must he frequently adjusted to maintain the 
desired vacuum level, and the steam valve must be adjusted to assure full boiling 
rate as the graining time approaches. 

With the constant vacuum condition, the boiling-syrup temperature. the 
splash-on-the-glass, and the string-proof length all become the signals to the sugar 
boiler to "full seed" the pan. The  seed slurry (as described earlier) is introduced and 
is quickly followed by an isopropyl alcohol or other flushing agent, to assure a "full 
population" seeding. 

Bcing aware of the superheated boiling temperature near the hedtinx surfaces, 
due to ebullition, the seeding pattern 01Fig. 12-28h is probably used by the sugar 
boiler to assure no loss or melting of the tiny seed fragments during the first short 
interval of growth. 

Careful observation of the slowly rising syrup temperature, the change of the 
splash from a great brilliance to a faint hut increasing opalescence or dullness, and 
the first cvidenrp of t h y  spark!crr af reflected light or. :he prodglass,  all piovJc  
the several indications that a crystal population is indeed k i n g  established. In this 
"forced" condition, it is imperative that the sugar boiler respond uniformly to each 
successive boiling to assure a "full" hut not excessive papulation. 

A retreat to a metastable supersaturation can he achieved by a short. heavy 
drink of syrup. T h e  temperature will fall a small amount. hut the high natural cir- 
culation rate will not he slowed. The saturation condition should now compare with 
point F, Fig, 12-28b. Maintenance of full circulation at this time is of particular im- 
portance to minimize conglomeration. 

By continued observation of the splash-on-the-glass and the rise of bubbles 
across the glass, the fluidity of the young massecuite can be followed. If the con- 
denser water valve is adjusted to maintain a constant vacuum, the boiling 
temperature can continue to he a guide to avoid straying into the intermediate 
saturation region. It will, however, contain an increasing emor due to hydrostatic 
head, as the massccuite level rises. 

Shortly after introducing the large drink to reduce supersaturation, a slow 
feed is applied to maintain the metastable condition. The  viscosity or consistency 
will slowly increase as the crystals grow in size. With natural circulation, the ten- 
dency will he to stay somewhat low in consistency to maintain rapid boiling. There 
is, however. a counterproductive aspect, a more rapid increase in hydrostatic head 
and a loss in effective temperature differential for heat transfer. That delayed loss in 
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evaporation rate fortunately comes later in the growth period when the probability 
of conglomeration is much less. 

As the normal pan volume is approached, the feed rate can he reduced and 
finally shut off. The crystal slurry will become more viscous and stiff at an increas- 
ing rate. Increasing stiNness of proofdck  samples, the slow movement of bubbles 
across the glass, and finally. the appearance and then the increasing intensity of 
"flash" in the upper sight glasses. provide the guideline for the termination of the 
boiling. 

Assuming a proper timing and scheduling of an empty receiver, the steam is 
quickly turned off, and the vacuum breaker valve is opened. As the vacuum drops 
to three or four inches, the foot valve can be opened and the massecuite can be 
discharged. After a short drain, steam-out of the foot valve is started. As soon as a 
clean, tight closure can he made. the foot valve is closed. and an adjacent, smaller 
valve to the corresponding melter or centrifugal syrup receiving tank is opened. A 
short. pan-feed syrup spray-down flushes the pan walls and heating surface rapidly. 
This is followed by a shortened steam-out and displacement of air in the pan. The 
steam-out valve is closed. the vacuum breaker valve is closed, the drain valve is 
closed, and the vacuum system is turned on, in preparation for the next boiling. 

In this description ofa natural circulation boiling procedure, specific values of 
temperature. pressure, and vacuum have been avoided. By repeated, hands-on hoil- 
ing cycles, a sugar boiler is taught, and quickly learns, the more satisfactory pattern 
for his parlicular ref of pans. He also becomes aware of the emergency responses 
necessary for steam. feed, or vacuum failure. 

Forced Circulation, Batch Boiling. The pan, in this instance, is fitted with 
a circulator, absolute pressure controller, a supersaturation by boiling-point-rise 
indicator, a center well mounted. resistance thermometer, and a pan microscope. 
The circulator impeller is of large diameter, of goad hydraulic design, and is rcspan- 
sive to major changes in mother liquor viscosity as well as to W crystals. 

As the pan is charged with syrup, the circulator is turned on just prior to its 
covering the calandria. As the circulated juice begins to spill over the calandria and 
into the center well, the steam can he slowly turned on. 

Where a 20 to 2 5  psi first evaporator vapor may have been necessary with the 
natural circulation boiling, a third or even fourth vapor (3 to 5 psig) can he used for 
the circulated pan boil-down with a high density pan charge and feed (60 to 72 
rds). 

With the reduced evaporation rate resulting from the high density feed syrup. 
the last "window" of the  entrainment separator is reduced in open area to create a 
higher vapor velocity past the measuring elements of the boiling-point-rise ther- 
misters. 

The absolute pressure controller is set for a fixed value to yield the desired 
syrup boiling temperature at the time of seeding, and is simultaneously low enough 
to set up a temperature diNerence for an adequate evaporation rate with the lower 
steam vapor pressure. 

As the boiling paint rise indicates an approach to point H, Fig. 12-20, the 
steam flow rate is reduced to zero', the center well temperature is noted, and the 
pan is full seeded. Very shortly, observation through the pan microscope assures 
one that crystals are growing. The excellent forced circulation keeps the crystals in a 

IScc refs. (102.295,305,421) 
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very turbulent movement, thus excluding nearly all conglomeration. 1 With the 
steam shut off, the possibility of drifting into the intermediate supersaturation zone 
is circumvented. and the absence of ebullition superheating reduces any seed 
dissolution by localized momentary undersaturation. 

As the center well thermometer indicates the first fall-off of supersaturation, 
the steam is slowly turned an  over a period of 20 to 25 minutes. At first the cir- 
culating charge level is maintained and then slowly increased. As the evaporation 
rate resumes, the hpr measurement will again be effective. With the rise in crystal 
slurry level. the center well thermometer slowly begins to exhibit the normal 
hydrostatic-head measurement error. This measurement has fulfilled its critical 
period need. 

It takes time for crystals to grow! If quality crystal crops are the ohjextive, forc- 
in6 with a borderline, secondary supersaturation is not the answer. A steady, 
assured metastable supersaturation (hpr) is the guide for increasing the steam rate. 
As bpr tends to fall, the evaporation rate can be increased. The pan feed rate can be 
increased as the crystal surface area increases, and as the consistency or stiffness of 
the crystal slurry tends to rise too rapidly. 

After a few cycles of experience, the sugar boiler neatly balances seam flow 
rate With time needed to achieve the produce crystal size, and with a "full" pan. 
Feed is shut off, and the hpr is carefully watched. If it tends to rise, the steam rate 
m w f  be throttled accordingly. 

The circulator motor load becomes the indicator of final massecuite consisten- 
cy for good crystal yield and for proper centrifugal loading and separation. Steam is 
turned off, the vacuum breaker is opencd, and the strike is dropped in the usual 
manner 

'see refs. (60,198,353,366,388). 
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With these several support features. our sugar boiler produces a more uniform 
quality crystal crop with a remarkably lower heat requirement and without pulling a 
"proof," except to maintain his "touch." 

Low-Brix pan feed and high-Brix pan feed require two different boiling 
philosophies. Both haw their place, but only one leads to reduced fuel costs. 

Batch Crystallizing Equipment 
Heat Transfer. Fabricated steel construction and its greater design llexibili- 

ty has fostered many heating clement arrangements. Figure 12-63. In  contrast to the 
coil design, the calandria heating surface is all available at the start of the cycle. The 
ratio of surface area to final massecuite volume varies from 1.2 to 2.0 with most 
designs in the 1.6 to 1.8 range. The higher ratios permit use of lower vapor 
pressures and increasing economy. 

Sight glasses installed in the top of various pans permit observation of boiling 
patterns at various massecuite levels. With the calandria just covered. heat release 
patterns from the calandria may be studied. The regions of lower activity can often 
be related to the accumulation of noncondensables and steam velocities past the 
tubes. 

Circumferential distribution belts admitting vapor uniformly around the 
calandria are typical of modern pans (71,78,102). Various b a i n g  and tube ar- 
rangement schemes are in use to reduce noncondensable blanketing.' 

Maavcuite Belt. The height of massecuite above the calandria is generally 
limited to 4.5 to 5 ft to assure reasonably good circulation (120). To further aid pan 
capacity, the massecuite belt diameter (Figure 12-64) has been enlarged by 2 to 5 ft. 

'See refs. (78.1 18,226,420) 
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S t r o l p h t  S i d e  L o w  Head n o r  l i o n  t o 1  

Figure 1244. Ma-uite belt da ignr  

Several studies have demonstrated panial stagnation by means of an isotope tracer. in- 
ternal moisture, and other techniques (436). Forced circulation reduces the degree 
of stagnation and reduces the depcndence upon a low strike height (120,230). Inter- 
nal baffling helps in reducing stagnation in some circulation patterns (152). In 
others. it detracts from the product quality (437). 

Pan Bottom. As the influence of circulation, conglomeration. and crystal size 
became known, pan designs were improved to achieve a saucer or similarly 
streamlined bottom (229,417). Hydraulics were given consideration to have enough 
cross-sectional area for unrestricted massecuite flow to the underside of the calan- 
dria. All cxccss space was eliminated to obtain a minimum ratio of seeding volume 
to final strike volume. 

Foot valves of the flapper design are giving way to hydraulically operated vcr- 
tical disc-and-seat assemblies. or to thin gate-type valves. The valve operators are 
marc compatible with automatic cycle controls (45,232,315). (See Figure 12-65.) 

Feed to the pan is now introduced in multiple small nozzles in the pan bottom, 
well under the calandria. Another feed arrangement includes a single baffled inlet 
nozzle in the center of the pan well (5). In  circulated pans, feed is often introduced 
into the feed well on the impeller suction side, and in others it feeds into the lower 
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side of the hollow impeller hub. In both instances, a wellmixed injection is sought 
to minimize variances. 

Impellera. Pumping of high volumes of viscous crystalline slurries at a 
minimum energy expenditure has undergone intensive study.1 Among the various 
high-volume impellers are axial flow and mixed flow. The number of vanes. vane 
solidity, vane angle and curvature. the configuration of the impeller hub and the 
casing or shroud all have a large influence an  the impeller performance. 

At the normal saturation levels in batch pans, the impeller rpm and tip speeds 
do not appear to contribute to collision or attrition nucleation. In one instance, the 
rpm was increased with improved pan performance. 
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Abhott and Rich (Ih) compared the performance of several circulator system 
designs, first on the basis of water circulation patterns at the graining charge level, 
and second, by crystallization yield improvements during successive years. Lower 
calandria steam pressures were realized with tbc forced circulation heat transfer im- 
provement. The configuration of tbe pan bottom and impeller location was found to 
be of particular importance in crystal yield improvement in some installations. 
Similar improvements in heat transfer and product quality were reported (1 Ib) for a 
characterized ring-calandria circulator system. 

A number of circulator systems are top-of-pan supported only, Le., no lower 
steady bearing. To accommodate the long overhung shaft and its inherent flexure, 
the ratio of impeller outside diameter to shroud inside diameter may he as low as 

~ ~ 

ISec refs. (120,151,152,254,298.354,415). 
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.75. Circulators with a lower hearing are designed for a ratio of.95-.98, and reflect 
a considerably improved hydraulic efliciency (354). Petri (270a,270c) has reported 
the need of high fluid velocity past the heat exchange surfaces if minimum spread of 
CSD and minimum conglomeration are to be achieved. A low ratio impeller may 
provide excellent mixing within the center well, hut may not necessarily provide 
good massecuite movement, heat transfer, and conglomerate reduction. 

Bottom.drive agitators are of simple design and construction. A good 
hydraulic efliciency can he achieved and shaft-mounted reducers permit drive flex- 
ibility. Although a shaft seal for syrup is required. the design avoids the top shaft 
seal with its air and seal-water leakage. Both top seal deficiencies can upset the 
quality of hpr measurements. 

An external axial-flow pump is suitable for lower viscosity systems, Fig. 
12-73. A 5 to 7 ftlsec flow rate at the heating surfaces of the standard shel lmdtube 
heat exchanger provides improved heat exchange rates and minimum liquid 
superheating. 

Some of the present. uansition, hatch-convated-tofontinuous systems u& the 
hatch circulator systems (270a,270h). As new systems are designed, and if product 
quality and fuel economics are indeed of concern. each ofthe multistages will he fit- 
i d  fa, p o s ~ u e ,  h i e d  circiilation. 

Where superior sugar quality, optimum yields, and the ultimate in steam 
economy are desired, a calandria pan designed to accommodate forced circulation 
oNers the more satisfactory arrangement ( I  55) .  Of the two calandrias suitable for 
forced circulation, the flow through calandria tubes is more uniform than past the 
various elements of a ring or ribbon calandria ( I  50). 

a-OPY I moo 
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Other Circulation Aids. Vapor injection into the massecuite helow the 
calandria has been used to a limited extent for many years (120,416). Recent new 
equipment uses the venting from the calandria steam chest into a distribution ring 
under the calandria (7  I). The horizontal pan uses the Same vent vapors to augment 
natural circulation of the plate heating elements (300). Massecuitc circulation rate 
measurements have included the benefit of such vapor injection (7  I ) .  

Continuous Sugar Boiling 
With but two exceptions, sugar processing is a completely continuous process; 

the white centrifugals and sugar boiling. Both are under increasingly intensive 
study. Continuous boiling systems have been repeatedly studied in all parts of the 
world.[ The highly mixed crystal size has been the major retarding factor.? The prob- 
lem is not unique to sugar but has been solved in an acceptable manner in the 
general chemical industries.' 

Continuous crystallization has several aspects of interest and economic advan- 
tage: 

1 .  Pan storage liquor feed tanks need not be large. Storage time at elevated 
temperatures and the accompanying losses from sucrose destruction are reduced. 

2 .  Second or third vapor requirements can he expected to be as uniform and 
continuous as the rate of transfer of thick juice into the sugar end. 

3. Surge-type mixer-mingler equipment is unnecessary. The uniform con- 
sistency emuent from the continuous equipment feeds directly to the centrifugals. 
Mixer wash-up and steam.out losses are eliminated. 

4. Centrifugal operation is on a continuous, never-ending mass flow status. 
Sugar drying, sugar reheating and blending, molasses disposition, and all other 
sugar end activities enjoy the benefits of smooth flow rates and energy demands. 

5. The system is amenable to unattended. centralized, and computerized on- 
line control. 

6. A sugar end utilizing continuous boiling for all grades can use "plug-in 
units" to match the physical equipment to the impurity load of the season. 

, 
Single-Tank, MixedSlurry, Mired.Product.RemovaI Pan  (TbiSMPR). 

Due to continuous sccding or nucleation, a single vessel, continuous crystallizing 
pan is characterized by a wide variance ofcrystal sizes, Fig. 12.69. Randolph (292a) 
indicates that from a plot of population dcnsity and crystal size, Fig. 12-70, the 
nucleation and growth rate in such a system can be identified. The crystal size 
distribution data can be related to panicle numbers, length, area, and weight, Fig. 
12-71. The influence of retention time on crystal size is illustrated in Fig. 12-72. 
Many models have been proposed and tested in pursuit of a better understanding of 
the continuous systems. 

Earlier trials of a Swenson FC crystallizer and an external centrifugal classifier 
were reported by Petri and Bennett (270). The massecuite was held to.10-30% 
crystals and at a supersaturation level of 1.65 to 1.85 @rob. Classen relation). 
Secondary nucleation initiated the seed. Although the crystal-growth rate was 
higher than usual, thc entire crystal growth was at the fmal, reduced purity and at a 
considerably higher viscosity. 

i 

'See refs. (1 1,63,76,77.87,117,190,274,364,381) 
?See refs. (41,50,61,97,148,177,204,205,209,2 14,215,270,296,3 13,363,390,440) 
)See refs. (64,159,194,241.3ll,325,346,390,439) 
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A continuous centrifugal, with a 400-micron opening screen, was used for 
product separation - a coarse sugar. i q  80-8596 on 1 6 ,  ZO., and 30-mesh screens. 
The mother liquor was partly recycled to the pan. 
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Randolph (292a) illustrates product-size classification in Fig. 12-74. The cn- 
tire mixture of sizes enters thc centrifugal classifier with selected sizes (in shaded 
area right of LJ leaving the system, with the mother liquor and smaller crystals be- 
ing recycled. A portion of the mother liquor must be rcmovcd for purity control. 

Petri (270a) describes a three-stage white sugar crystallization system in which: 
a) a continuous Randolph salt-out seed generator produces a seed of 60-1 004 h) a 
Swenson FC crystallizer that enlarges that seed to about 200r in a pulsed bed man- 
ner, c) a seed mixer-receiver, and d) a set of hatch, farced circulation calandria pans, 
converted to continuous operation. This system yields a white massecuite purgeable 
in Krauss-Mallei pusher-type centrifugals. 
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Of the recognized methods of crystallization, De Vnes (76,77) employed the 
seWevaporation system for continuous flow (71a). A high punty syrup is concen- 
trated to saturation at 105 'C. The hot syrup is seeded and introduced into the bot- 
tom of an inclined crystallizer, the upper end being under high vacuum. Crystals are 
scrolled to the upper end and removed through a barometric leg, Fig. 1 2 ~ 7 5 .  As the 
mother liquor flows up the inclined crystallizer, the hydrostatic head decreases and 
the equilibrium vapor pressure (temperature) decreases. The solubility decreases 
and crystal growth is maintained. 

The improved system utilizes a dual, inclined cascade for impmved pmduct size. 
The initial 105 "C helps to "pack" a relatively large amount of sucrose into solu- 
tion at the start of the crystallization. This is known as ihc "SWS" or "Dintelaord" 
system. 

Figure 12.75. 

1 See refs. (118,154,158,191,3 11,325) 
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Multiple.Tank, Back-Mired, Continuous-Flow Evaporative 
Crystallizing Pans 

In the 1936.1957 period, De Vrics(76)developeda IO-compartment, horizon- 
tal system for his self-evaporation system. Each compartment was under a suc- 
cessively lower vacuum. 

Fives-Lille has successfully divided a horizontal pan into 4 to 7 compartments 
to improve the crystal size distribution ofthe crystals. A number of units are in use 
on different beet and cane products. For simplicity of control, these systems operate 
at constant and uniform vacuum in each section. 

The 4-compartment, magma-seed enlarger is the simplest system, Fig. 12-76. 
A low-grade boiling is centrifuged with the crystals being mixed with a higher purity 
syrup and is continuously fed to the continuous pan. Crystal size is enlarged as an 
intermediate grade boiling. Smooth material flows and steam use are inherent. 
Crystal size (MA) is set by the rate ofmagma-seed addition. Fewer seed will relate to 
a longer residence time. 

Figurc 12.77. CV in rnulri~omprrrrnent rqatallircr. 
Refinement of CV with added smxa in mio. N u c k d o n  

3 10 I, 10 

n= Stages 

Where the C V  quality factor is ofgreater importance, the 7~compartment pans 
are being used (267). Fig. 12-77 illustrates the value of additional compartments on 
the refinement of the CV, based on mass. 

In contrast to the dynamic, ever~changing conditions ofthe hatch pan, the con- 
tinuous pans are static. or nearly so, in each ofthe control parameters: level, super- 
saturation in selected compartments. final consistency, feed syrup saturation, syrup 
and steam flows, etc. (15c.449b). Feed syrup is continuously proportioned to each 
of the several compartments according to steam flow. Bpr (Holven method) 
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regulates feed to the first one or two compartments. Gamma ray adsorption 
regulates last compartment consistency in several installations. 

The constantly present driving force for crystal growth tends to generate a fouling 
condition on the pan walls and other surfaces (1 16a. I32a,  I40a,430a). Various wall- 
construction materials have been tested: ordinary steel with well-ground welded 
joints. polished stainless, brass, Teflon, etc. 

Some units have been jacketed around the boiling liquid for heating of these 
surfaces by the noncondensables being vented. Upper, vapor-space surfaces have 
been periodically cooled to induce a flushing, dissolving condensation. Other sur- 
face cleaning has been related to the inorganic scaling character of the feed syrups. 
Other pans are designed with rotary sprays for feed syrup introduction. 
Crystallization by Cooling 

Sucrose molecules. as molecules, possess dipole and hydrogen-bonding fields 
of force that are very selective in a mixture of sucrose-solvcnt-impurity molecules. 
Sucrose molecules associate easily with other sucrose molecules. As noted earlier, 
the alcoholic hydroxyl-alcoholic hydroxyl is reported to be a stronger hydrogen bon- 
ding than adsorbed ionic attachments or the poor steric-fitted bonding of other 
impurities. One might anticipate that as sucrose molecules orient and move 
together. the lcsscr bonds are broken. Associating sucrose molecules become 
sucrose crystals and leave behind the impurities - the nonsucroses and the water. 
Sucrose crystallization is an impurity-rejection mechanism. 

As successive crystal crops are grown. the rejected impurities begin to dictate 
the chemical and structural nature of the residual syrups. For example, the machine 
syrup tiom the high-raw boiling is of higher viscosity. Nucleation in this less-pure 
“molecular soup,” is somewhat inhibited. Crystal growth. which is simply a two- 
dimensional extension of heterogeneous nucleation. is also restrained. The important 
fact is that while the rate is slowed. it has not stopped. 

At one time it was believed that in a practical sense. syrups with purities less 
thzn 76% could not he nucleated. Now, with full awding, nucleation is being per- 
formed in the 60’s. Some operators shorten their boiling time by seeding with a 
magma. Growth s t a r t s  almost immediately. Other operators “cut” strikes, i.c., drop 
only half the strike, then resume boiling with the remaining massecuite as seed. 
Each technique has its advantage, and each bas its set of pmblemr. 

As sugar recovery is the essence of good raw-side performance, the formation 
of surface area for growth is basic, followed by the effective use of that same surface 
area. and finally, a careful separation of that surface area from the exhausted 
mother liquor. 

As was developed earlier in the section on properties of crystal slurries, the 
major portion of recoverable sugar in high-raw-machine syrups can be crystallized 
in three-to-five hours. The W crystals, plus the somewhat elevated viscosity of the 
mother liquor, generate a fluidity or stifliness limitation to further crystallination-by- 
evaporation. As this boiling reaches this temporary limit, its temperature is in the 70 
to 85 “C range. This is the temperature of the saturated mother liquor. The usual 
end.product temperature for storage or shipping is 35 to 50°C. Reference to Table 
l a  suggests a rather remarkable amount of sucrose, that is recoverable, simply by 
temperature reduction. 

A controlled rate of cooling generates a degree of supersaturation which will 
continue to induce crystal growth. The W crystals developed in crystallization-by. 
evaporation can thus be extended beyond the circulation limits, characteristic of the 
boiling vessel. 
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The boiling time for a low-raw massecuite may be I .5 to 2 times that of a high 
raw and will depend upon the feed syrup purity, the kinds of impurities present, the 
size of the srcd crystals, supersaturation. and upon excellence of circulation. 

At  one time, long-boiling times were believed to assure good crystal growth. 
Often the bailing time was considerably extended by "boiling on water." In view of tw 
day's fuel costs, this technique no longer seems valid. 

With the tools available for today's boiler, the plan of "forced-circulation, 
hatch boiling," described earlier, is modified for low raw. only by having even 
greater patience, by using different calibrations on the supersaturation instrument, 
and for the consistency measurement. 

Supersaturation maintained just below the intermediate zone will establish the 
concentration driving force. 

With a high rds pan reed. there will be a reduction in the evaporation re- 
quired, a reduction in the syrup superheating at the heat transfer surface, and a 
reduction in the spread in CSD. Fewer small crystals will be passing through the 
centrifugal screen to reduce W crystal yield and to increase molasses purity. 

The assured, forced circulation circumvents the need for water feed. Steam is 
applied only to sustain the bpr or supersaturation. Feed is added as needed to hold 
the crystal slurry viscosity in a reasonable range through the first tightening and on 
up to the final tightening. far a positive high NIW ratio. 

A narrow CSD crystal crop leaving the vacuum pan becomes a narrow CSD 
crystal seed for the cooling crystallizers. A high NIW reduces the "W" in the final 
moher liquor-the principal carrier of sucrose out of the system. 

The high Brix feed and  steam-only-as-neededto-maintain-bpr," are parts al 
reducing total pan steam requirement to the 14.5% steam on beets noted by Zagrod 
ski (449a) and toward the tantalizing 11.0% of Christodoulou (57a). 

The Cooling Cycle. The fast-cool cycle of Fig. 12-78 has been estimated on a 
Miers' chart. Fig. 12-79. I n  the preceding pan boiling, the supersaturation of the 
mother liquor was carefully controlled in a well-circulated boiling environment. 

The supersaturation was maintained in the upper metastable range, just short 
of secondary seeding in thc intermediate zone. With excellence of circulation and 
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Figure 12.79. Mien’ diagram of rapid cooling 
18 in Figure 12-78, An early. high .ptu~.t ion b 
generaid for rapid grmtb. With an exirndd 
iafhermsl rrystallizing lime (period ‘“C.” 
Figure t2-78), the final UtUrPLion after 
reheating xodd be more nearly 1.W with sn 
improvd % cry8tsl yicld. 

with watchful persistence in maintaining an aggressive supersaturation. and an 80 

timized. 

equal to the working capacity of the boiling vessel. Various crystallization formulas 
identify the fact that a high crystal yield is the result of a high pan-drop rds (264). In 
pursuit of this objective, further water was evaporated and eliminated until the 
crystals became deficient in lubrication. Only enough fluidity remained to permit 
the crystal slurry to drain from the boiling vessel in a 15 to 20 minute period. 

The temperature chart shows a rapid cooling of the massecuite for a 
temperature shift in solubility and hopefully a significant increase in crystal growth 
(263). As the temperature was decreased, the mother liquor supersaturation was SUP 

tained and crystal growth continued’. As long as the temperature change showed a 
smooth transition, the massecuite continued to be fluid. 

The Lafeuille temperature chart exhibits an excellent cooling pattern. The 
chart docs not show a simultaneous, continuous addition of lubrication fluid: water. 
Without the lubrication of the mass, it would show temperature aberrations from 
nonflow of the massecuite. 

Once water is started, crystallization is “capped” at that “just fluid.” % 
crystal level. Any crystallization effort by additional cooling or by extended time is 
mostly wasted effort. 

The Silina relation suggests that for a limiting consistency, there will be a cor- 
responding limit to the % crystals tolerable by the equipment (Fig. 12-80), In a 
growth environment. (supersaturated). the % crystals will tend to increase. T o  pre- 
vent mechanical destruction, the % crystals can be held constant by proriding more 
mother liquor. Water added will dissolve sugar until the new solution is of the same 
saturation as the other mother liquor ? The new volume of massecuite is restricted 
to its tolerable % crystals - all at the expense ofmuch of the added crystal yield (as 
% on original massecuite). 

It becomes evident that it matters little whether the crystallizer is in a fast-cool 
mode or is of the 1 C h  configuration. The potential crystal yield in both systems 
is grossly inhibited once water is added as lubrication. 

‘See refs. (126,265,351,352,409) 
2See refs. (36,109,191,208,239,26~) 

boiling temperature for accelerated growth surface reaction, the growth rate was op- 

Withim a relatively short period, the fixed crystal population assumes a volume 

~ 

! 
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Figure 12-90. M a M u i l e  mluiltcnq 
end rrlstirr $6 r r p h  yield: 

A] Msnnuilc from evaporation 
pan drop+ a i  lor rdi (lox NW). 

B] Maurcuice drop+ at high 
rda (high NW)-potcntiaI yield if no 
ph+nl constraint. are i m p "  

c] $6 crystal yield i m i t d  by 
mechanical deficicnrin afcryimllircr. 

Db lmororrd $6 cmtal  rield br , .  . .  
ruggdnar of crystallizer equipment. 

10 ,, .D 4, 

xcrysl.alT 

Where the economic values of sucrose in the bag and as sucrose in molasses 
are not too dissimilar, molasses exhaustion is of little consequence and water dilu- 
tion becomes the inexpensive insurance for equipment protection. Where there is a 
significant difference between dry sugar and wet sugar values, the economics quick- 
ly justify a correspondingly significant effort in molasses exhaustion. 

Analysis of good crystal yield based only upon temperature and solubility, 
suggests the need for a high rds at pan drop wbicb, in turn, is a high N/W ratio. A 
comparison of massecuite NIW with molasses NIW (should theoretically be the 
same) would suggest a molasses rds in the 87 to +89 range. The usual molasses rds 
is significantly lower than this expected value. 

Two plants in close proximity and with similar purification systems arc shown 
in Fig, 12-81, One plant with a 5-hour pan boiling plus a 7-hour Lafeuille cycle, 
achieved a 36% crystal yield. The second plant with a 14-hour campaign average 
pan boiling and a 47-hour slow cooling crystallization, also yielded a 36% crystal 
massecuite. 

Assuming a positive, economic desire for molasses exhaustion, a conclusion 
drawn from this plant performance example is that it matters less about how much 
crystallizing time is recorded, but it matters greatly about how the first few hours 
are utilized. A properly operated fast-early-cool system will provide good exhaus- 
tion and a considerably reduced volume in process. Control of the % crystals 
becomes the key problem. 

Critical inspection of various sets of plant operating data, yields similar pat- 
terns of exhaustion compromise due to less-than-rugged equipment and to crystal 

Water Dilution. Using the 36% crystal yield of Fig. 12-82 for illustration, the 
use of dilution water might be represented by Fig. 12-83. An equipment or pro' 
cedural limitation thwarts the attainment of the potential crystal yield. Depending 
upon the mother liquor temperature, rds and purity, 3.5 to 5 parts sucrose are 
dissolved per part dilution water added Table 12-1; Fig. 12-9. 

Additional lubricating mother liquor is created and thus restricts the W 
crystals to 36%. Of the potentially recoverable crystals through temperature (satura- 
tion) reduction, only 17 to 22% is recovered using water dilution procedures. The 
rest is used to Saturate the added water to form lubricant! 

'See refs. (135,289,327,339,423,429) 

"capping." 
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Full Seeded 

Temperature- 

F i r r e  12-91: Mother liquor exluuacion i~ not depndcnt upon h 8  hours of boiling and cooling. 
E= ~ut I lon I% highly dependent upon cffcctivcncu of ux of u r h  hour that i s  anilahlc.  A Ishour 
system and P 61-hour syitcm both yielded 36% rryiinl crop. 

Figure 1282. Limited cooling cy&. 
Thc nature of the im uritin in the 
msaaeruilc mother "or unfor- 
tunrtcly m q c r c a t r n  hi& Ban nor- 
mal mothcr liquor r i x a i t y .  For m yl, final m i m u i i ~  comi~tcncy. the 

rmmL muit bc reduced. For an 
cyud floxahility through the ccn. 
trifugd x m n .  the NIW of thr 
m a w m i t e  (and comqucntly the NRV 
o! :h; =o:h:z l i q i i ~ r ;  r..yst k 
mtricted. A loreahortend coaling cy 
clc to 5550% m d  immediate ccn. 
trifugal acpmtion may armmmodric 
the high mother liquor risaiiy limit. 

n% 
nus 

30 3, .o 1, 

%Crystals 

Mother Liquor  Viscoaity. Viscosity is one of the two factors in the Silina 
ratio: a massecuite consistency expression. In addition, mother liquor viscosity, all 
too often, is the ultimate limitation of the low-raw process (264a). The usual 
Poiseuillc laws of the flow of fluids through porous media apply to centrifugal 
screens as well as to vacuum and pressure filtration. 

Very viscous mother liquors, typical of low punty molasses systems (45-50 
punty), may drain from the crystal surfaces and flow thmugh the screen openings at 
uneconomically slow rates. Equation 22 identifies the desirability of a large surface 
area for sucroae exhaustion. As per Table 12-3, this is bcst achieved with small 

This table also identifies the value of larger uystal sizes for improved film 
drainage from the crystal surface and the attainment of a more satisfactory crystal 

crystals. 

' S n  refs. (135,269,327,339,423,429) 
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figurc 12.82. W~LII  dilution limit of yield. 
A) phpicnl limiu of guigmpnt. , , 

B\ ~ a t e n t i s l  vicld it no D viical limiu 1 

Crystols,%On 0rig .Mass-  

purity after separation. Conversely, a higher viscosity can be processed for an 
equivalent crystal purity at a larger crystal size. 

The Paiseuille equation for definition of viscosity and fluid flow is: 

, a(P,-P*) +t 

Eve 
7 = viscosity in poises 
r 

1 
V 
t 

= 
= 

PI -Pz = 
= 
= 

radius of opening through which the fluid must flow 
length of tube or hole through which the fluid must flow 
pressure drop across the opening or capillary tube 
volume of fluid passing through the opening or capillary 
time required for flow of volume V through the opening 
through which the liquid must flow 

For relatively small changes in "r," the increase in viscosity that can be handled at 
equivalent flow. pressure drop, etc., is of intcrrst for improved exhaustion (Table 
12-6). 

Where flow is through an opening other than a round orifice, the irregular 
orifice can be related to the conventional opening through the "hydrauKc radius" 
R,, (267a). Tapered holes have been incorporated into good screen design. This has 
the effect of changing d:: length of the flow path .-'g " in the denominator of the 
flow equation. Both facton significantly aid the flow of molasses through the screen 
openings. 

Possibly, for an overall improvement in exhaustion, a small compromise is 
desirable - a moderate increase in crystal MA, a determined effort to achieve a 
small CV, and a corresponding increase in scrten perforation, all to accomodatc a 
higher mother liquor viscosity and a much improved masseruite NIW. 

With whichever screen perforation selected, it is essential that the crystal sizc 
corresponding to the lower edgc of the CSD docs not extend down into the sizc of 
the perforation. The ideal molasses does not contain f i e  crystals, Fig. 12-84. 

Prcccntrifuging. Another of the means of modifying the Silina ratio to avoid 
excessive bulk viscosity of the mafisccuitc is precenuifuging. While the mass is still 
hot, a portion (about 25%) is diverted to continuous ccntsifugals. Crystals arc 
removed and the mother liquor is returned to the crystallizer, By selecting the 
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r 
1.0 
1.1  
I .2 
I .3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 

- r +  
1.0 
1.46 
2.07 
2.86 
3.84 
5.06 
6.55 
8.35 

- 

10.5 
13.0 
16.0 

Permissible viscosity, relative to screen hole radius = 1.0, is proportional to r'. 

Ciq"rc 12.w cc"lr,f".al xrmn p'lora'i"" and . i Z C ~ ~ I ~ , " ~ , . l ~  .upto ~ ~ , ~ , ~ , ~ . ~ , ( ; ~ ~ ~ ~ , " , , ~ t  
s i x  diarihution, for &msI -reen prforniion:'h;" b)CSu rquirrd lot Larger pcrforat,on."B:' r) 
CSD rich high CV and incm+d probabrligy of D high purit, ~ O ~ ~ L X I .  

amount of crystal removal'. the rccombincd slurry will be suitably lubricated to 
allow continued cryysd growth without mcchanical damage. 

Some sugarend systems must handle clcvarcd low.raw pan feed syrup 
puritics. The crystal vulumc dcvclopcd becomes excessive for even the boiling pan 
and seriously excessive for thc crystallizcrs. By prcccnvifuging. an adjusuncnt of thc 
W crystals (by thcir partial removal) permits continued room for crystal growth and 
recovery as thc mother liquor tcmperaturc is rcduccd to induce further growth. 

Fig. 12.85 illustratco preccnvifuging with respect to the crysral slurry. 
Gnotelle ( I  17c) and McCinnis (224c) repon an expression suitablc for computer 
modcling for optimizing the amount of massccuiic withdrawal. Swcral schcmes for 
mass withdrawal and for mother liquor return arc discussed by McCinnis. 

Duc to the economics of an added pmccss stage and centrifugal cquipmcnt. 
use of thc system (224d) i n  associated with high purity sugar ends and with Quentin 
syrups. In mogt insranccs. some other means of 5% crysml control is utilized. 

Massecuite Lubrication. Gcnotellc suggests that a 38.40% crystal massccuitc 
is optlnum. A well-boiled massccuitc. handled pmpcrly in thc cooling crystallirers. 
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figurn 1265. lmpmred % c r y m l  yield by prn. 
cm,rifuging: 

ruorerd = I + y which spprorimam that of 
"A; bun which was not dirutly attainable. I 

can yield 48% crystals and more. The mechanical aspects of such a slurry become 
limiting, Fig, 12-60, and illustrate an exponential increase in bulk viscosity. 

If a saturated mother liquor corresponding to that already in the massecuite is 
added, the % crystals can be controlled at a level that is not mechanically limiting. 
The crystals, % on original pan-dropmassecuite volume, will continue to become 
larger. By continuous lubricant addition, the massecuite consistency is stabilized at 
a value for safe equipment operation and for sustained "high level" exhaustion 

O n e  crystallizer Et, in particular (224c), measures the motor load on each 
crystallizer in the series, Fig. 12.86. Repcared small doses of moderately heated, 
saturated molasses are added only as needed to hold the consistency at the accept- 
able but high levels. Straight house (non-@entin) molasses purities have been 
gradually worked down from 62 to 53 averages. Concurrent with this has been the 
reduction of low-raw-massccuite purities fram 78 to 68 averages. It must be noted 
that natural alkalinity of the diNusion juice is relatively low and no process soda ash 
is used. Omgoing testing suggests 46 as a viable interim purity objective. 

With the same set of crystallizcrs, the weekly averages on molasses product 
purity have followed, to a remarkable d e g m ,  the changes in maturity and the tissue 
quality of the beets sliced. An observation of limited scope suggests that in the quest 
for lower purities, mother liquor viscosities may become morr sensitive to the kind 
of impurities present, than previously. Impurities become an increasing, solution- 
structure determining factor. 

I 

I 
gr0wth.l 

Figure 1x46. Improved exhaustion of 
msucruite by mol.- lubrication: 

A) p h p i r d  limi" of rqimllircr. 
B) potential % rqst.1 yield devc1ep.d 

in m-uite prior 10 p n  dmp. 

molpuidi lui ion a t 0  timum highcrpmlmr.  
fare area for mother Equm exhauntion. 

D) probably actu.1 ~ r y s l d  yield 
wi thout  mechanical over load ing  of 

E) % crplah remaim comtanl io the 
-nt, modified ma-uite but % crysub, 

C) mnsi.,mnq l C R l  10. mnuo11ed 1 n". 
n". 
- 

rrysmllirrr. 

fami "pa, "ginrl .Murcutl.fran IhE #om, 
inrm- P remsrbbk amount. 

~ r ~ s t o l ~ . ~ O n O i i p m a l  Moss- 

'See refs. (137,197,284,429). 
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Y.J.. 

Figure 12.87. Mol.- lubrication 
system. 

A) molaun. nondilutrd, tank 
fillrd on daily basis. 

B) lax  rolvmr gear pump. 
C) thell and tu& heat ex. 

changer with n p o r  heating. Temp. 
control not shown. 

0) heated mala- head... 
E) 15 psi bark p-um d v c .  
F) submerged rclum. 
C) individual motor dr i rc  on 

each cmst~l l izer. 
H) msp.action. fulldismrter 

m o l s m  d a i n g  valve opmlrd by 
m o m  load l i m i t  relay and r r i b  
ronnCc.red %.,imer. 

Cooling crystallizers have been constructed with varying degrees of 
mechanical ruggedness. Those designed for deliberate structural strength have pav. 
cd the way for more complete exhaustion of the residual, impure mother liquor.' 

Many crystallizer stations which were previously adequate may have k n  
overextended and need supplemental equipment. Wear and obsolescence or struc- 
turally lightweight design may dictate a new system. Horizontal crystallizers have 
been and will continue to be used. Excellent exhaustion can bc attained. 

With a premium on the squm-foot cost of floor space for enclosed equipment, 
the vend toward vertical crystallizers is to be expected. Some of these systems have 
been installed outside the factory building, Figures 12-93 and 12-95. Excellence of 
thermal insulation hccomcs an obvious requirement. While the basic objective is to 
cool the massccuite, uneven one-sided atmospheric cooling may easily overwhelm 
the mixer shaft and arms, induce a secondary graining, plug a massecuite transfer 
line, or rupture a water line. 

Some vertical designs include a cone bottom with a lower skirt. The skin is 
extended enough to provide a protected space for pumps and for some piping and 
valves within its confines. 

! 
I 

I 

Caaling C,y.tall,Ilr 1 , m e -  

Figum 12.88. Cmling and reheat cquipmrni dsign for rapid cooling cycle and renansblc crhsuc 
tion. 

surface reaction mu i n  S I  moderate race. Rapid cml. 
in.. ihort of r r o n d a n  nudestion. Mo1a.a di lu t ion a) o d d  IO aroid exccy mehnni rs l  smm, 

A) Rapid. high intmsity mixing 

diameter unit. 

'See refs. (25,68,90,126,237,327). 
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A number of vertical installations consist of a group of four uNts: three for 
cooling and one for reheating, Through the years, several horizontal, batch units 
have b e n  joined together to form a series of 6 or more units. 

The observation has b n n  made that the larger number of smaller units permit 
a closer tuning of the equipment to the procas dpnmics - the rate of cooling, the 
more frequent adjustment of limiting W crystals, the more elective use of elevated 
slurry mixing rates before surface kinetics become dominant, a shorter, more intense 
reheating, and, in general, a more effective exhaustion potential. 

Figure 12P). Rapid cool cy& with  
mld dwell and molsun lubrication. 
correi.td ~ i ~ .  i z a .  

Temperature- 

Figure 12.90. B s f t q  of horizontab 
cooling crp.mllirm. Motor lomd. of 
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In close examination of crystal growth-reaction kinetics with actual mother- 
liquor temperature, one becomes aware that some rules-of-thumb may be conser- 
vatively safe. With the introduction of Lafeuille crystallizers, it became evident that 
rapid, intensive cooling could be achieved without secondary grain formation. Un- 

Co"oen,mr - M O . . - U p  -. 
Hemes D r w o l , o n  ws,*r 

Figure 12-92. Circulating water cooling and reheating $).atem. C l d  system for cormion pmtm- 
tion of hcar exchange surfam. 
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fortunately only one crystallizer was assigned per boiling pan. An equally rapid 
reheat was invoked simply to clear the cquipmcnt for the next batch. The much. 
nceded additional 6 to 8 hours of "cold dwell" were not made available, thus there 
was the condemnation of Lafeuille crystallizers as non-elficient exhausters. 

Several investigators have been reassessing the crystallizer cooling curvel. The 
slow, linear rate of prior practice is giving way to an initially very rapid hut 
supersaturation-limited rate of cooling. This is followed by an asymptotic leveling 
off at rfit lowest temperature for an extended surface (kinetic) reaction time. 

To achieve such a rapid initial cooling without excess supersaturation at the 
cooling surfaces, the usual crystallizer agitator rpm needs adjustment upward. It has 
been suggested that agitation intensity should parallel or exceed the desired ex- 
ponential cooling curve. 

An analysis of the "agitation" in any given crystallizer should be evaluated 
nof in terms o f a  mass crystal sluny moving past the inspection manhole - rotating 

Figure 11.98. Preccnrrifuging flow 
achrmc. far % cryrial r e d d o n .  O p  
lional p inta  of m i - u i t ~  wiihdrrxal 
and optional poinu of rnothrr liquor 
return arc illuatrafcd. Aftrr Mccinnia 
mw. 
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with the rotary cooling elements or mixer arms. The agitation should be examined 
more properly with respect to crystals moving past crystals: a scrubbing, a “massag- 
ing,” a kneading of the liquid film surrounding each crystal. 

Horizontal crystallizers with inefficient mixing may be improved with sta- 
tionary breaker bars. Vertical crystallizers have k e n  designed with periodic 
penetrations of the mass flow by the stationary cooling elements. 

Upon review of operating results of horizontal and vertical crystallizers, the 
conclusion of the author is that both styles are potentially excellent exhausters and 
both are capable of limited exhaustion. 

Sugar End Control Management 
Control Philomphy. Irrespective of the control method, whether natural, 

semi-automatic, or fully automatic, the fundamental requirement for uniform pro- 
duct is a consistently uniform crystallization technique. A sugar boiler with such a 
technique seldom pulls a proof and seldom bas a quality problem. 

As a first step, the preparation of the  pan feed syrups is essential. Assuming 
excellence of beet-end purification work and a uniform density evaporator eflluent, 
additional regulation o f s p p  flows, of syrup blending, and of temperature and dcn- 
sity must be provided. The pan feed continues to be a dominant variable. 

Quantitative data are rapidly being gathered on the influence ofcolor, conduc- 
tivity, pH. Brix, lime salts, and of other selected impurities. Their influence on 
crystallization rates and the preferable crystallization environment is being defined. 
It will soon be possible to “dial” these values into a composite, empirical 
crystallization model. Control with superior repeatability will be obtained.1 

Application. As a second step, the boiling vessel’s deficiencies must be iden- 
tified and corrected. The addition of controls to a faulty pan is an invitation to pro- 
cess and control failure. Such an unsatisfactory performancc would hecome an im- 
proper condemnation of automation. 

Throughout the sugar-producing world,z, intensive study of the control of 
batch sugar boiling bas yielded improved product quality and extraction. Con- 
tinuous boiling control is being implemented in a similar manner (1 00). Common to 
all schemes is the requirement for measurement reliability, simplicity. and relative 
freedom from measurement lag (306,310). Equally important is the represen- 
tativeness of the measurements; in particular, the saturation temperatures and the 
massecuite stiffness (219,299,309). 

Pans have been fully automated and have performed reliably (see p 718). Fur- 
ther reliability insurance is an integrated monitoring of each of the process variables 
for “off limits” conditions. Peripheral services can adversely influence the uniformi- 
ty of the crystallization environment. The condenser water temperature and steam 
trap performance are typical. Off-limits annunciator systems call for immediate at- 
tention and correction action. 

P- Management 
As with any process supervision responsibility, awareness of the system 

status is mandatory for proper management and performance. The communication 
tools an the laboratory analysis sheets, the station logs, the repair supervisor’s log, 
the process suprvisor’s own log, and the factory manager’s coordination log of in- 
struction. 

I 

IS= refs. (56,182,197,246,317,318,334). 
zsee refs. (78,79,104,128,183,185,19l,206,227,269,290,302.320,345,442, 
443,444,452) 
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Laboratory Data. The promptness of availability of laboratory data on what 
has just happened is a key to the supervisor's ability to anticipate the process status 
for the next several hours. The sugarend supervisor's knowledge of the beet end 
and of the significance of certain beet-end data is helpful to reinforce his own status 
forecast. With improved, rapid analytical techniques and with closed circuit TV,  
analytical data are available within a few minutes of sampling and are simultaneous- 
ly available with envy an the laboratory control sheets. 

Data Logging. The trends of the process become obvious through data logs. 
The maintenance of such a log on the pan floor or in a central control provides 
coordination for the sugar boiler and for the process supervisor. The data logged 
would include: influent juices, syrup blends, each strike as completed, the inventory 
of syrups and massecuites, and of emuent products. 

The sugar end equipment has its respective capacity limitations. Uniform 
operation permits the most eficient use of the equipment (1 11). Measurement of 
material flow rates provides the basis for operating uniformity. A data log permits 
additional supervisory assurance of uniformity. 

Process Flow Schemes. The two-boiling system is no longer used in the beet 
sugar industry. It does, however, provide a simplified scheme for study of the 
manipulation of syrups and sugars according to their purities (224). The abject is to 
achieve the proper raw massecuite purity which, in turn, permits a normal sugar 
loss in molasses, Figurr 12-100. 

Figprr 12.100, T w o .  
boiling, rnsicrinli f low 
W). 
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Wash syrup of the white massecuite centrifugal is recycled to avoid raising the 
raw massecuite purity. The wash syrup purity is low and tends to hold the white 
rnassecuite purity down. So that the green syrup purity is not too low for the raw 
pan, some white product sugar is recycled and thereby tends to increase the white 
pan purity. 

TABLE 12.7 
TYPICAL MATERIAL BALANCE-TWO BOILING 

m, on ncets .. 
Iirm Idratifitrtion Brix Purity Total D.S. Sug. N.S. 

I. 'Thick luicc 56.3 89.1 34.4 19.3 17.2 2.1 
2. Sfandard Liquor 
3. \\'hitc hlrrrccuite 
4. Whiic Evrporriion 
5. Whim \Vah Water 
6. \\'hire Sugar Product 
7. White Sugar Remelt 

9.  M'ash Syrup 
a. crcen syrup 

10. Raw F e d  Liquor 
11. Raw Masrcruire 
12. Raw Evaporation 
I J .  Raw Wash Wawr 
14. Raw Sugar 
15. Molrrrci 

62.7 89.6 
92.4 89.6 

74.6 78.6 
74.3 81.9 
74.6 78.6 
94.3 78.6 

98.0 
82.7 60.4 

._ , , , .3  
38.9 
18.4 
3.6 

3.1 
13.7 
11.6 
13.7 

14.0 

10.a 
2.9 
0.6 
5.0 
6.4 

35.9 32.2 3 .7  
35.9 32.2 3 . 7  

14.0 
3.1 

10.2 8.0 2.2 

10.2 8.0 2.2 
8.6 7.1 1.5 

10.2 8.0 2.2 

4.9 4.8 0.1 

5.2 3.2 2.0 

TABLE 124 
TYPICAL MATERIAL BALANCE-THREE BOILING 

1. 'Thick Juice 59.2 89.2 32.5 19.3 
2. Standard Liquor 67.6 92.7 45.0 30.4 
3. White Masrecuite 91.6 92.7 33.2 30.4 
4. \\'hitc Evaporalivn 11.8 
5. Whifc \$'ash Wafer 2.1 
6. \\'hitc Sugar Product l i . 4  
7. white hlachine S)rup 76.3. 85.8 20.5 15.6 
a.  ~ ~ t e r r n ~ i i a i e  ~ i q u o r  7 6 . 3  85.8 15.4 11.7 
9. Raw Liquor 76.8 72.0 0.i  0.3 

11. Inkmncdiarc Evaporation 2.8 
12. Intcrrnediare Wash Warer I .a 

14, Intennerlirtc Machine Syrup 76.8 72.0 7.8 6.L 
15. lntenndiare Liquor 76.y a3.a 5.1 3.9 
16. Raw Liquor 76.8 72.0 7.3 5.6 
17. Raw Manmuitc 93.4 77.5 10.2 9.5 
18. R ~ W  Evaporation 2.2 
19. ~ a w  Wash Walcr 0.4 

10. lnrerrnedialc Marsccllile 92.6 85.4 13.0 12.1 

13. Inlerrn~cliaLC Sugar 98.7 7.1 6. I 

17.3 2.0 
28.2 2.2 
28.2 2.2 

14.4 
13.4 2.2 
10.1 I .6 
0.2 0.1 

10.3 1.7 

6.0 0.1 
4.3 1.7 
3.3 0.6 
4.1 1.5 
7.4 2.1 

20. Raw SUR" 98.5 4.8 4.6 4.5 0.1 
21. Molasses 86.6 58.3 5.7 5.0 2.9 2.1 
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The white pan purity is too low to yield a high quality white sugar product 
which will meet today's competitive market requirements. 

Threeboiling schemes are the most common in American practice for produc- 
tion of a competitive product quality and for a reasonably eficient sugar recovery. 
With first thoughts toward the proper raw massecuite purity for optimum molasses 
purity, it will be noted in Figure 12-101 that the intermediate machine syrup is 72.0 
purity. This is too low to achieve a workable 58 molasses punty and too low fur 
rapid crystal growth. This is offset by using intermediate liquor as the charge for a 
most favorable nucleation environment (124), and then by using raw liquor for pan 
completion. The final pan purity is proper to achieve the 58 molasses pudty. 

T U G .  P 
F i g u r e  12.101. Thrcc.boi l ing,  
materisl. flow (244). 

It is noted throughout this scheme (224) that there is no separation of wash 
and green syrups. A minor amount of hack-boiling is shown for the intermediate 
pan (365). 

With full-seeding techniques. an excellent crystal crop can be established and 
grown without a high purity "footing" or initial charge. The intermediate pan pun- 
ty and the separation at the intermediate ccntifugal establish the raw pan feed 
purity. Only one pan feed liquor is used for each grade of strike. The crystal growth 
rate may be comparatively slower, but, process control is simplified. 

Where an exceptional purity white sugar product is required, or where the 
thick juice contains a high color content, a four-boiling system can be used, Figure 
12-102. Such systems obviously require an extra set of centrifugals, syrup tanks, 
and a pan. Steam requirements are relatively high. As the need for such a superior 
product is rare, or the duration of high color thick juice is usually short, a modified 
thm-boiling scheme is normally used for such conditions. 

Pmesa Flexibility. Beet quality determines the sugar-end process to be used. 
In those agricultural areas experiencing a large variance in beet quality during the 
campaign, the sugar end process must be flexible. 
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TABLE IM 
TYPICAL MATERIAL BALANCGFOUR BOILING 

96 on Beem 
llcm ldcniiliraiion Brix Purity Told D.S. SUE. N.S. 

1. Thick Juice 60.0 90.3 32.2 19.3 17.5 1.8 

2. White hlachine Syrup 76.0 96.2 9.3 7.1 6.8 0.3 

3. #I Raw Liquor 65.6 91.9 41.5 26.4 24.3 2.1 

1. #I Intcrmediate hlarwcuile 91.6 91.9 28.8 26.4 24.3 2.1 

5. # I  Intermediate Evrporacion 12.7 

6. #I  lntermediile Wash \\'arer 3.9 

7. # I  Intermedirtc Sugar 99.0 15.2 13.1 13.0 0.1 

8. # I  Intermediate Mach. Syrup 76.0 85.0 17.5 13.3 11.3 2.0 

9. #2 Intcrmediace F e d  Liquor 76.0 85.0 12.8 9.7 8.3 1.4 

io. #2 Intermediate hlauccuilc 92.6 85.0 10.5 9.7 8.3 1.4 

11. #2 Intermediate Evaporation 2.3 

12. #2 lnrcrmediatc Wish Water 

13. #2 Intermediate Sugar 

14. #2 Intcrmediate Mach. Syrup 77.0 

15. #2 Intermediate Liquor 76.0 

16. Raw Fecd Liquor 77.0 

17. Raw Maraecuite 93.4 

18. Raw Evaprsrian 

19. Raw warh water 

20. Raw Sugar 

21. Moiarrm 86.6 

1.4 

98.7 5.7 4.9 4.8 0.1 

7 1 . 1  6.3 4.8 3.4 1.4 

85.0 4.7 3.6 3.0 0.6 

71.1 6.3 4.8 3.4 1.4 

77.0 9.0 8.4 6.5 1.9 

2.0 

0.8 

98.5 4.2 4.0 3.9 0.1 

57.8 5.1 4.4 2.6 1.8 

22. White Machine Syrup 76.0 96.2 13.2 10.0 9.6 0.4 

25. Dilution Water 7.6 

24. Standard Liquor 70.0 98.0 46.2 32.3 31.1 0.6 

25. While Maswcuire 91.0 98.0 35.5 32.3 31.7 0.6 

26. White Evaporation 10.7 

27. White Wash Warer 2.2 

28. White Sugar Product 14.9 14.9 

29. White Machinc Syrup 76.0 96.2 22.5 17.1 16.4 0.6 
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Figurc 12.102 Fourhi l ing ,  msirrirb nor VU), 

Early season beets normally permit all or nearly all the thick juice to be pro- 
cessed directly in standard liquor: point "A" on Figure 12-103. This, of course, is 
the simplest and most economical production schcmc. 

With climatic extremes during harvest or extended pile storage, color and 
lime-salts type impurities become significanl and tend to affect the sugar product 
quality (319,368,445). The ratio of remelted sugars to thick juice must be increased 
to dilute color solids sufiiciently to permit continued production o f a  superior prod- 
uct quality. 

Dilution of the calor impurities is accomplished by splitting the flow of thick 
juice bctween the white and intermediate side, points "A" and "B." Figure 12-103. 
Such a split is determined and monitored by analysis of the following materials on a 

color units" per IO0 ' Brix basis: ' I  

Anticipation quality control -thin juice 

In-process I '  " -standard liquor 

After-the-fact " ' I  -dry product sugar. 

'' -thick juice 

" -wet sugar from centrifugals 

* I  
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F I ~ ~  Ratla Crilelin fnr 
Color Impurity A H C F I ~ ~  Ratio 

I U W  low I .o 0 0 NO Spli t  
nletliurn -. S p l i t  split 0 S t d  1.iq. cO1"r "pUrilV" 

high - 0 I .o 0 StCl. Liq. "p"ri'i" 
.... h i g h  0 Split  Split Inlermediate hllSS. imperil!. 

Thick JUKC 

Flow ratio control ofthe thick juice entering the sugar end can be set to main- 
tain a purity balance. The standard liquor color, as related to wet sugar color, will 
fix the ratio with the least time lag. Where beet quality fluctuates rapidly, analytical 
determinations must, of course, be made frequently. Where beet quality is poor and 
colors are intense. the quality of the product is very sensitive to even small amounts 
of occlusion and conglomeration. In this instance, all thick juice must be processed 
through the intermediate, point "B." 

Figurn 12-103 assumes some type of "laundry" or upgrading of the raw 
sugar. In this instance, raw wash separation is illustrated for simplicity. Wash 
separation is shown for all three boilings and is helpful in stabilizing impurity 
balances as various thick juice ratios are required ( I 1  1,293,382). 

Separation. early or late, is of course variable. With high colors, an occasional 
"color purity" analysis of the wash syrups will dictate the separation. With high 
lime-salt type impurities and introduction of the thick juice at "B" and "12," the 
white and raw purities will escalate, requiring some back.boiling to reduce the 
purities. An early separation is helpful. 

The slicing or thick juice flaw rate must be restricted to the maintenance of a 
controlled purity balance throughout the sugar end (1 10). The syrup inventory will 
tend to accumulate at the system bottleneck. Again, the thick juice influent rate 
must be restricted to avoid excessive in-process inventory. 

Flexibility i n  Equipment  Use. When the processing of all thick juice is re 
quired through the intermediate pan, the material balance for white and in- 
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termediate work is reversed. When the pan and centrifugal equipment For white and 
intermediate use are sized for normal purities, the material flows can be interchang- 
ed in the two sets of equipment and thus some of the total system capacity can be 
recovered. This assumes that both sets of centrifugals are compatible witb white 
product operation. I n  other instances, part of the equipment, such as pans and cen~ 
trifugals, can be shifted in “swing” fashion to better match the boiling and cen- 
trifugal loads. 

The sugar-end supervisor should bc constantly alcn to any  equipment limita- 
tion and record his observations in his log. 
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Pan Feed Syrup Economics. High Brix (72 ") tbick juice from storage can be 
blended to yield a high density standard liquor. A circulated pan can function very 
satisfactorily with a high Brix feed,' or even on a somewhat supersaturated feed 
syrup (100). The pan vapor requirement can be reduced by 30.35% by simply rais- 
ing the feed Brix from 67 to 74. 

Yields a n d  Lmuea. In brief review. lack of crystal yield is related to: con- 
glomeration. fine grain, low Brix as dropped from tbe pan, or irregular centrifugal 
work. 

for mmcl,. 
" 

Purl,), 

1Sce refs. (49,121,227,303,333). 
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To grasp visually the influence of various factors in the sugar-end proccsscs, 
recent charts (294a,453d,453e) (See Figs. 104-107) of saturation equilibrium condi- 
tions, based on Grut's data. are useful. Several sugar-end situations have been 
charted. Other conditions of wash-volume and separator settings. of high raw purity 
balance, etc.. can he easily illustrated also. 

In using such a chart, il must be constructed to fit the solubility data of the 
local area (Equation 3) and it must be remembered that the massecuites (mother li- 
quors) are usually still supersaturated, thus there is a "lag" in reaching the ultimate 
purity represented by the "NIW-temperature" intercept on the chart. 

For any given equipment scheme. a rather narrow range of purities will be 
found by experience, which will yield a workable final massecuite and a low 
molasses purity. There is a corresponding intermediate massecuite purity which 
will, with good pan and centrifugal work, yield the intermediate green punty  re^ 

quired for the raw pan feed. Excellence of sugar crystallization and subsequent cen~ 
uifugal operations and the correct intermediate pan feed liquor purity are h e  keys 
to good loss management. 

On the white side. nonsugar purity, color purity, and the absence of turbidity 
of the standard liquor are the initial product quality control factors. In addition to 
the items above, there is the requirement for a well-circulated pan to achieve a low 
moisture sugar suitable for bulk storage and shipping. 

Upgrading 
Surface Impurities. Low-raw mamecuite treatment is a key factor in attain- 

ing the sugar-end objectives of product quality, maximum extraction, and optimum 
capacity. The beet quality, the beet-end purification effectiveness. and boiling pro- 
cedures fix the mother liquor viscosity and the ease with which it can be spun off the 
crystals. 

With a normal viscosity of mother liquor and free-draining crystals. a simple 
centrifuging can yicld a loii-~raw sugar mitab!e for direct remelting in standard li- 
quor. A viscous mother liquor will leave a greater amount of impurities on the 
crystal surfaces. The sugar is then unsuitable for entering the standard liquor. 
Remelting for intermediate crystallization obviously adds a large load to the in- 
termediate system and effectively reduces the sugar-end capacity ( I  1 I) .  The im- 
purities are predominantly on the crystal surface. Several "laundry" techniques are 
used to avoid unnecessary recirculation. 

In-place Washing. The simplest situation is that of a relatively free-draining 
crystal crop in viscous mother liquor. Application of a small amount of wash water 
may effectively raise the sugar purity three to five units without abnormal increase 
in the molasses purity. 

Massecuite with good crystal drainage but with a tenacious mother liquor will 
often accept wash water in greater amounts than usual to yield a satisfactory raw 
sugar for standard liquor (331,433,434). The centrifugals must be fitted for wash 
separation, Figure 12-108. The raw wash is normally used to finish u p  or "top off'  
the next raw pan. This is a relatively simple solution but does require extra raw pan 
and crystallizer capacity. This is a requirement common to each of the upgrading 
operations. 

Affination. Massecuites of mixed grain wash poorly. The affination techni- 
que provides an excellent laundry effect.' Raw massecuite treated without wash. in 

'See refs. (53,184,195,218,336). 
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batch or continuous centrifugals. will yield a minimum purity molasses and a sugai 
of 91 to 94 purity. Mixing this sugar with a saturated intermediate green or in- 
termediate wash to form a moderately stiff magma, causes a dilution of the molasses 
film and reduction ofthe film viscosity. A second centrifugal treatment then yields a 
considerably upgraded sugar of about 99 purity, Figure 12-109. The affination 
syrup is used in the next raw pan. 

With this system. the process is not particularly sensitive to mixed grain if con- 
tinuous centrifugals are used. The impurity recycle is confined to the raw system. 
The standard liquor is of improved quality. This is of particular importance with 
syrups ofhigh color. Lott (196) has reported an 18 to 20% reduction in intermediate 
massccuite volume by the use of a lha t ion .  
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Separation of Crystals and Syrup. 
Massccuite Treatment Pr ior  to Centrifuging. The quality of the 

massecuite fed to the centrifugals should be uniform throughout the strike in grain 
size, density, fluidity and temperature. White and intermediate massecuites are 
usually purged at pan temperature. While awaiting purging, this temperature 
should be maintained. Many hect factories use rotating heating coils in the lower 
portion of the modified U.shaped mixers with a stirrer in the wide upper portion. In 
addition covers are used, to help maintain the original temperature. 

Cylindrical mixer tanks have come into wide use for high purity massecuites, 
varying in diameter from 8 to 13 ft. A temperature drop in the massecuite of the 
order of 0.5 "C per hour takes place. Some tanks are insulated. The size must be 
sufficient to hold a strike plus a portion of the preceding one, so that the cen- 
trifugals can be kept in continuous operation. The circular cross section is advan- 
tageous since the volume can diminish as the massecuite is purged, with a minimal 
change in head on the massecuite in the centrifugal charging gate. Almost perfect 
homogeneity can also be maintained with a single. center-shaft stirrer. 

In raw crystallization, the crystallization is started in the vacuum pan and 
completed in the crystallizer with cooling and stirring. The final product from the 
crystallizer is at a tempcrature of about 40 'C. This material is too viscous for effi- 
cient separation by centrifugation, and heating simply reduces the viscosity. For- 
tunately in cold massecuite the syrup surrounding the crystals is supersaturated. 
The massccuite can, therefore, be heated to the saturation temperature of the 
mother liquor without melting grain. Generally the saturation temperature is be 
tween 55 and 60%. 

Stwens Coil 
The Stevens coil is almost universally used in the American beet industry for 

this purpose. It is a coil of steel pipe mounted on a hollow center pipe which is 
rctxtcd iz *e !owcr sectior? of a U-shaped mixer tank. Hot water is circulated 
through the rotating coil. 

The object of the dcvice is to raise gently the temperature without localized 
overheating. The coil rotates at 9 rpm with the 32 in. od coil, and at lower speed 
for larger diameters. A large volume of water, 275-300 gpm, is circulated at a 
temperature of about 8 'C higher than the saturation temperature. 

The sizing of the coil is dependent on the volume of massecuite to be heated, 
the length of the mixer tank feeding the centrifugals, and the desired temperature in- 
crease. The heat requirement for a temperature rise of 20'F (1 1 'C) for one cubic 
foot of law massecuite is: 

HI = 93.5 x 0.44 x 20 x 1.33 = IO80 Btu 
where 93.5 is the weight of the massccuite in lbslcn ft (6),  0.44 the specific heat of 
the massecuite in Btu1"Fllh (4), 20 the temperature rise in 'F, and 1.33 the 
multiplier covering losses in the system of 25%. 

The heating surface of some typical coils follows: 3 in. pipe, 32 in. od coil on 
16 in. diam. center p i p ,  7 in. pitch = 15.3 sq ftlft; 4 in. pipe, 48 in. od coil on 16 
in. diam. center pipe, 8 in. pitch = 24.4 sq ftlft. 

Assuming: a mean water temperature of 68°C (155'F), and a mean 
massecuite temperature of 46 'C (1 15 "F) the available difference for heat transfer. 

(1) 

'by A.H. Stuhlrcycr 
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At,is 40 "F. The heat transfer factor for low raw massecuite is in the range of 17.5 
Btul'Flsq fdhr, and thus the thermal capacity is: 

T c  - 32 = 1 5 . 3 ~ 1 7 . 5 ~ 4 0  = 10710 Btuihrift. 
T c  - 48 = 2 4 . 4 ~ 1 7 . 5 ~ 4 0  = 17080 Btuihrlft. 

Since 1080 Btu under the stated conditions are required to raise one cu ft of 
massecuite 20' F, these capacities result: 

32 in. coil--107L0/1080 = 10.0 cu ft heated per hr, per ft of coil. 
48 in. coil-I708011080 = 15.8 cu ft heated per hr. per ft of coil. 

It follows that coils can he fitted to any practical requirements by changing such fac- 
tors as spacing. and coil diameter. 

Compartment Heating 
A properly functioning reheater must deliver massecuite to each of the cen- 

trifugals at the same temperature. Numerous ways to do this are used, hut a descrip- 
tion of one will sufice. 

Stevens promoted the compartment type mixer tank, see Figure 12-1 IO.  The 
U-typc tank has a sloping horizontal deck plate located just above the coil. 
Underneath the deck are vertical partitions which create equally sized compart. 
ments, one for each centrifugal. A slotted opening in the deck plate allows cold 
massccuite to enter the compartment. The gate spout opening is in the tank bottom. 
The massecuite. from its entrance in the upper corner of the compartment to its 
outlet in the diagonally opposite lower comer, travels in and m u n d  the coil and is 
thus uniformly heated. Both the heating surface and the volume are the same for all 
compartments so that the temperature of the heated rnassecuite will be the samc. 

F i p n  1E.110. Compartmrntrd 
stncrv roil, for lox-r.r m.necuitc. 

I 

i 

The circulating water enters and leaves the coil at the drive end. I t  passes 
through the coil to the opposite end and returns through the center pipe, The 
temperature of the inlet water is constant. The circulating water pump is fitted with 
an on-oR control which reacts to the massecuite temperature. 

The use of continuous centrifugals for raw massccuite invites a dimerent ap- 
proach to the matter of heating hefare centrifuging. Since the massccuite flow 
through the heater is not intermittent, the compartments are no longer desirable. 
The ideal is that all massecuite should flow through the full length ofthe heater coil 
and then be fed to the machine feed valves. This can be accomplished in a variety of 
ways depending on the individual station layout. 

The value of heating as a means of reducing viscosity is well stated by Dr. 
George Mcade-"Shaw's curves show that the viscosity o f a  molasses approximately 
doubles for each IO' drop in temperature from 100" to 70°F" (348). 
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The Centrifugal Station 
The Batch Separator 

Historical 
The centrifugal machine is the device used to separate the crystalline sugar 

from the mother liquor. The difference in weight between the liquid and the solids, 
and the viscosity, prevent a fast gradation by sedimentation. Originally an in- 
complete separation was obtained by filling barrels or inverted cone-shaped vessels 
with massecuite. Holes in the bottoms of these vessels were fitted with plugs which 
were subsequently removed and the uncrystallized syrup drained off. On occasion 
water was filtered through to improve the quality of the sugar (73). 

In the latter half of the 19th century, the Weston-type centrifugal, employing a 
single point suspension. came into general use, and this same suspension principle is 
used in the present-day hatch centrifugals in the sugar industry. The cylindrical 
drum or basket is fixed to its shaft by mcans of a spider which forms the central 
discharge opening. The mode of suspension at this single point is usually a hall and 
socket joint, but in some makes a conoidal-shaped rubber buffer is used into which 
the bearing housing is inserted. In  the hall and socket type suspension a ring-shaped 
rubber buffer is arranged outside and around the bearing housing so that it distorts 
as the basket swings out. The internal friction in the buffer acts as a retardant to this 
swing-out. The centrifugal, with its free spindle and its capability of oscillating, is 
self-balancing. T h e  baskct with its loads finds its own center of rotation which cor- 
responds quite closely to the center of gravity. The ball joint suspension is shown in 
Figure 12-  I I 1 (9). 

Figure 12.111. Ccnirifugsl head show, 
ing ball and m k c t  auspmrion. 
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The substitution of centrifugal force for gravity alone, both shortened the 
separation process and vastly improved its efficiency. The utilization of Weston's 
principle made possible a mechanically practical machine. 

Theoretical 
Centrifugal force is defined as that force which tends to impel a thing outward 

from a center of rotation. The action fallows well-known physical laws. The faster a 
body is moving around a circle the greater is the centrifugal force, which is propor- 
tional to the square of the speed. 

Also for the same peripheral speed, the centrifugal force will bc proportional 
to the radius of the circle, or F is inversely proportional to the radius or rotation. 

Centrifugal force then is directly proportional to the mass of the rotating body 
and to the square of the peripheral speed and is inversely proportional to the radius 
of rotation: 

(2) IllV? cf = - 
R 

mass m = w/g, where w = weight and g = falling acceleration due to gravity, 

wvz  cf = - 
Rg 

(3) 

In place of V, the peripheral velocity in feet per second, it is desired tu use rpm as a 

practical measure: 

V = 2 Rxuxrpml60 = RN/9.55 (4) 
where N = rpm 

wKN' - wKN?X0.0034I (5) 
wR? iV - 

2935 
cf = 

KX32.2X9 .55 : :  so. 

For force per unit pound, 

The tcnn "gravity factor," or "G" is Ihc centrifugal force multiple which may ap- 
ply IO any given weight. G varies directly with the basket diameter when the spced is 
constant. Examples: 

w = I ,  and cf = RN2x0.00341 (200). (6) 

Basket Diam. Gravity Factor L E  
1200 20 in. 410 
1200 40 in. 820 
1200 50 in. 1025 

'pm Basket Diam. Gravity Factor 
G varies as the square of the speed at a given diameter. Examples: 

200 48 in. 27.3 
400 48 in. 109.8 
800 48 in. 436.8 

1200 48 in. 982.8 
I500 48 in. 1534.6 
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Basket D e i g n  
Sugar centrifugals are usually topdriven. The basket is made up of a 

perforated-plate steel cylinder, having a partial top with a center opening. The 
basket is loaded through the top, the diameter of the opening of which establishes 
the volumetric capacity. The bottom is composed of an annular plate and a central 
huh connected to each other by spokes. The vertical driving spindle is fixed to this 
hub. The top, bottom, and cylindrical side sheet are welded into a unit, and usually 
the side sheet is fitted with shrunk-on, high tensile strength, reinforcing rings. The 
rings afford a higher safety margin and make the use of a lighter side sheet of 
stainless steel both structurally and economically feasible. The basket is lined on the 
inside with a woven hacking screen which supports the perforated filtering screen. 
The liquids are expelled through the holes and the crystals are retained in the 
basket. After the major portion of the molasses has been eliminated, the sugar can 
he washed with a fine spray of water dispersed over the sugar wall. If low moisture 
is required. the spinning operation continues after the wash. 'The purged sugar is 
discharged by means o ra  mechanical plow through the openings between the spokes 
of the  basket bottom. Please SK Figure 12~112.  

Figure 12-112. Centrifugal baaket. 

Drive Deaign 
Practically every type of prime mover has at one time or another been used to 

drive centrifugals. In modem plants individual electric motors, both a c  and d-c, are 
most widely used, although t h c x  are numerous belt-driven, gear-driven, and water. 
turbine driven machines still in service. 

The belt- and gear-driven machines are gradually being phased out. They are 
driven in multiple from a common line shaft which rotates continuously with the in- 
dividual centrifugals connectable to the line shaft hy friction clutches. As a result, 
any maintenance work on a single machine may require stopping the entire battery, 
thus causing an excessive loss of production. These centrifugals also are not easily 
made fully automatic. 

Many types of individual electric motor drives are presently in use. All have at 
least two steps of acceleration, and some types using variable d-c voltage (Ward 
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Leonard or Thyristor-controlled) not only have multiple acceleration steps but also 
adjustable spinning speeds (1 74). 

An equally divided two-speed motor, such as 60011200 rpm, theoretically 
halves the acceleration heat loss as compared to a singlespeed motor. A four-speed 
motor is even more effective since the power loss in heat is inversely proportional to 
the number of speeds. Increasing the number of accelerating steps, however, com- 
plicates the motor and the motor starting equipment. In North America, single- 
winding, consequent-pole. two-speed a-c, squirrel-cage induction motors are used 
for the most part because of their relative simplicity, ruggedness, lower first cost and 
available 1200 rpm speed 

Thyristor controlled dc drives are used to a greater degree in countries where 
the standard ac frequency is 50 hertz and the 6-pole ac pole-change motor speed is 
therefore 1000 rpm. 

The two-speed motor makes electric regenerative braking possible. With the 
motor running at top speed, it can be de-energized and then re-energized on the low 
speed connection which changes the motor into an induction generator. The motor 
decelerates rapidly using no power and actually returns power to the system. As the 
speed approaches the half-speed synchronous speed. the decelerating torque nears 
zero. and the motor is disconnected from the power source. With about two-thirds 
of the stared energy removed electrically, the mechanical brake takes over and 
brings the basket to rest. The driving motor is, in fact, an electrical accelerator- 
decelerator. It must he especially designed to repeatedly start and stop the high iner- 
tia load involved, and to dissipate the heat resulting from the electrical losses. 

The motor must he designed for the specific service, taking into account the 
diameter of the basket, its loaded weight, the top speed, and the length of the cycle. 
Experience has indicated that a gravity factor or G of 920; i.e., 48 in. at 1160 rpm, 
is a good one for high purity massccuite and an 1800 G factor; i.e., 40 in. at 1760 
rpm, far raw massecuite. These two figures arc the basic gravity factor criteria 
which arc used when fixing the combination ofbasket size and speed for a particular 
application. Examples of basket diameters and speeds with resultant gravity factors 
are shown in Table 12-20. 

The trend is to ever larger machines and thus fewer units for a given produc- 
tion. Baskets 54 in. in diameter by 40 in. deep are in service in many beet-sugar fac- 
tories. In all probability, this size does not represent the ultimate. 

Proceas Influence on Design 
The varying qualities of different grades of massecuite influence the cen- 

trifugal force requirements, including the size and uniformity, or s c w n  analysis. of 
the sugar crystals. and the viscosity of the mother liquor. As the purity of the 
massecuite decreases, the nonsucroses present in the mother liquor increase its visco- 
sity and greater centrifugal force is requirrd to cffcct separation. The rquimi purity 
of the product influences either the centrifugal-force requirement. or the high-speed 
spinning time. 

Increasing the basket depth is the most economical way to increase capacity. 
This increase is limited because problems of stability are created. The thickness of 
the charge is influenced by the uniformity ofthe crystals, the viscosity ofthe mother 
liquor, and the required sugar purity. The basket sizes, too, are influenced by the 
available electric current. and the physical and svuctural limitations of the basket 
materials. For practical reasons three basket diameters have come into common use 



472 BEET-SUGAR TECHNOUXY 

with varying depths and speeds to suit the application. These are shown in Table 
12-21, while Table 12.22 lists the capacity of various basket sizes. 

Table 12.20. R ~ l r i i r r  Centrifugal Force at Various S p m h  

rpm 
850 
900 
950 
1000 
1050 
1100 
1150 
1200 
1250 
IS00 
1350 
1400 
1450 
1500 
1550 
1600 
1650 
1700 
1750 
1800 

~ 

Cenlrilugal B.&et Dirmrleir 

40 in. 12 in. 48 in. 54 in. 

460 
513 
568 
627 
688 
752 
819 
888 
961 
1036 
1114 
1195 
1279 
1366 
1455 
1547 
1643 
1741 
1842 

483 
339 
i97 
lis8 
722 
789 
859 
933 
1001 
1088 
1169 
1255 
1343 
1434 
1528 
1625 
1725 
I828 
1934 

552 
616 
682 
752 
87.5 
902 
!lR2 

1066 
I153 
1243 
I337 
1434 
I535 
1639 
1746 
I857 
1971 
2089 
2210 

594 
622 
692 
767 
84H 
928 
1015 
1105 

Table 12.21. Carnrnonl, Anilsblc B a k u  

White & Intermediate Low Rzx 
Sile Max. Speed Size M a x .  Speed 

ISY".) IS"".) , ,  I . .  . 
4 8 x 3 0 ~ 7  1200 4 0 x 3 0 ~ 6  1800 
4 8 x 3 6 ~ 7  1200 48xSh6 1800 
54x40~7 1125 5 4 x 4 0 ~ 6  1500 

Table I 2 . Z  Volumetric C a p c i t i a  of Conwntionrl Sugar Cmtrifugd 
B d c u  io Cubic Feet 

Capacity of Baakes 
Basket with nri0u.i width cap, 

Dimcnrions 6 in. cap 7 in. cap 

40x24 8.90 
40x50 11.12 
42x20 7.85 8.91 
42x24 9.42 10.69 
42x30 11.78 13.36 
40x24 11.00 12.63 

48x56 16.49 18.78 
48x30 13.74 15.79 

54x40 20.95 23.92 
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Automatic Operation 
The utilization of fully-automatic, batch-type centrifugals has become 

widespread. For intermediate and low purity massecuite continuous centrifugals are 
becoming ever more widely used. The improvement in performance is so marked as 
to almost preclude the use ofhatch machines for raw and intermediate massecuite in 
any new installations. These will be described in a later section. 

Fundamentally the design of the batch centrifugals is the Same for all duties. 
The speed, the basket size and the cycle components are changed to suit. 

The two-speed a-c drive motors used have only a single winding, with the two 
speeds obtained by a pole-changing control. The low speed is, therefore. one-half 
the high speed, and the motors are designed far the same torque on either connec~ 
tion. In the automatic machines the motor is started by energizing the Low-speed 
connection. After a preset time the motor is de-energized and immediately re- 
energized on the high-speed connection. The acceleration then procccds until top 
speed is reached. High-speed rotation continues until the desired sugar dryness is at- 
tained. The proper process timer then initiates regenerative braking until almost 
half speed is reached. Then the mechanical brake brings the basket to rest and the 
separate discharge-drive motor is energized. Figure 12-1 13 is a speed-power-time 
curve for a 48 in .x30  in., 60011200 rpm, fully-automatic centrifugal for a white 
sugar or intermediate sugar service. 

/ \ I 

/ 

I 
L 

5ECONI)5 
160 

Figurc 12.113. Typical pcrformsna curvc of s fu l l~-su tomstk  ctntrifugnl. 

The change-over from low to high speed is performed automatically on the 
basis of a timed measurement. There is a precise best s p e d  at which this change 
should take place, so the timer must be properly set. This is at the point in the low- 
speed accelerating cycle when the rate of rise begins to taper off. After change.over 
to the high-speed connection, the rapid rate of acceleration is restored. The net ef- 
fect is that the basket is accelerated in the minimum possible time and with a 
relatively low current peak at the changeover. If the change-over is delayed, the 
time to reach top s p e d  is extended. If the change-over is too soon, a greater current 
peak results and more rotor heating occurs. 
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Centrifugal drive motors must dissipate the heat generated by the electrical 
slip-loss during acceleration and during regenerative braking. Time is required to 
accomplish this, as is indicated by the fact that the motors are specified as suitable 
for a certain minimum load-to-load duty cycle. 

There is a further limitation than simply time in establishing the minimum du- 
ty cycle of the motor. This is the high-speed running time from a point above 516 of 
the low-speed synchronous speed to the point where regenerative braking starts. In 
this range the motor is running at its highest speeds, and the rotor is being most ef- 
fectively cooled. Therefore, the time for the curve segment "Acc. & Run at Top 
Speed" shown on Figure 12-1 13 may not he diminished far the motor in question. 
This limitation should be known and sviclly enforced. 

In the completely automatic batch-type centrifugals, all functions are perfom- 
ed without the intervention of an operator. The timed sequence for a typical 48 
in. x 3 0  in, white-sugar centrifugal follows in Table 12-23: the timed intervals listed 
will vary quite widely far different quality feed material and with different 
technologists' judgments. 

Tablc 12-25. Time Scquencr or Opcriiioni i n  a Camplrtrly Automntcd, 48 in. x M  in. White S u p r  
CInlrif"glt 

Tima in Scronds 
from Start rp'" 

SL1Tt rolation 0 0 
Preflurh of basket 1-5 
Open charging *are 5 275 
Close charging gate I5 210 
First wash on (6) 25 450 
Firs, wash olf 30 530 
Second wash on 65 1110 
Trip syrup separator 1 1  wash 69 1130 
Second waJh off 75 1150 
%art regener.ci.:c k3r .F  !?3 !!GO 
Start mcchanlcnl brakc 132 760 
51111 plowing Epeed 140 40 
End plowing. recycle 187 0 (10) 

When these recycling machines are operated in a battery, an automatic control 
is used to sequence the starts of the machine. This control establishes the interval 
between the start of one centrifugal and the start of the next succeeding one. It 
keeps power demand peaks at a minimum and provides an even flow of sugar from 
the battery. 

Figure 1 2 ~ 1 1 4  shows a section through a typical fully-automatic batch cen- 
trifugal. The control is accomplished by means of a combination of electrical relays, 
timers, limit switches and pressure switches. The use of solid state electric devices is 
a widely accepted innovation. They control the logic functions and replace the 
electro-mechanical relays and timers. The operations are mechanically and elec- 
trically interlocked to insure the proper sequence. Various steps in the process are 
monitored by an alarm system which calls attention to and approximately locates a 
malfunction. 

Operational Guides 
Fast acceleration within the limits of the available power system is desirable 

for white and intermediate centrifugation, but the drainage characteristics of the 
massccuite should be taken into account when establishing the acceleration time. 
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wo SPEEO A.C. 

Figure 12.114. Scction. Fu l ly . su t~  
matic cmtrifugsl. 48rJGx7 (Wetern 
S r n l a  Machine G m p n y ) .  

~ 

Conversely a slower rate of acceleration for the raw massecuite is suggested when 
batch machines are used. 

The double application of wash water has been found to be effective when the 
sugars are to be washed to high purity. In the case or final crystallizer sugars, a 
single wash only is recommended. or possibly no wash. 

The first of two washes should come on just as the syrup film leaves the face 
of the sugar wall. It should endure for not more than five seconds and a quantity of 
water equal to about 0.9 Ibs per cu ft of massecuite should be applied. Sufficient 
time should elapse to allow most of the syrup to be filtered off before the second 
wash is applied. If the emuents are separated, the wash efiluent will thus approx- 
imate the massecuite impurity. The separator should be tripped a few seconds after 
the start of the second wash. With intermediate, timing of the separator trip may be 
altered to control purity of the wash. 

These observations are only guidelines. The amounts of water and the times 
of application will vary with local factors and objectives. 

Washing 
The wash water should be of the best quality, at a temperature of 82O to 

I10 "C. Many factories use superheated water at 1 IO '. This vaporizes as it leaves 
the spray nozzle, and, for the most part, condenses before reaching the sugar. A 
more even dispersion of the water over the sugar wall is accomplished. 

~ 

I 
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Constant pressure wash water is vital if elficient washinp is to be accomplish- 
ed. Pressure regulators are available, but a more fool-proof system can be built 
around a properly selected centrifugal pump. A pump with a flat head capacity 
characteristic and with a rated point not more than 3 psi below the shut-off pressure 
will ensure a minimum variation with no control devices. Please see curve Figure 
12-1 15. The piping must be sized for the maximum flow, with a small line from the 
end of the header returning to the supply tank. A continuous flow through the 
header will ensure uniform temperature and pressure. 

225 , , , ' ,  ' i i i ~ : ~ i i 

200 MIIX.OEMAND 80 GPM. 

I i 

I I , , : : . . l  
01 ' io ' 40 ' 60 ' so ' 100 120 ' 140 

US G4LLONS PERMINUTE 

Nozzles 
There are diverse opinions about wash water nozzles. Single nozzles. two 

nozzles or even eight or nine nozzles are commonly used. The problem is to provide 
a relatively uniform application of water with a slightly higher concentration at the 
tap and the bottom of the sugar wall. The real test is that the final wall of washed 
sugar in the basket be straight with slight undercutting at the top and bottom. A 
multiplicity of nozzles makes possible the best positioning of the nozzles but also 
:::atcs thc :eqnircmcnt f ~ :  marc f:eqi;er.: a2justment. 

Modern centrifugals arc equipped to automatically preflush the basket screen 
after the sugar has been plowed out and before the admission of the next charge. 
This operation properly performed is essential to eficient centrifugation. 

Syrup Separation 
The basket is surrounded by a stationary cylindrical casing which catches the 

molasses as it is expelled through the holes in the baskets. This casing is called the 
curb. 

The molasses is collected in an annular compartment in the bottom of the 
curb from which it flows to the appropriate tank. The sugar is discharged from the 
basket through the openings between the spokes of a corresponding central opening 
in the curb bottom. 

If the sugar is washed in the basket, the purity of the molasses is increased 
because of partial solution of the crystals. Normally wash is applied after the majari- 
ty of the molasses has been expelled. This means that the low purity molasses can be 
separated from the high purity wash liquor by sending the first emuent to one tank 
and diverting the latter to another. If the separation can bc made automatically, the 
value is further enhanced. 

On some units the curb side sheet is flushed with water just before tripping the 
separator from molasses to wash. 
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A simple and effective emuent separation can he achieved by means of the 
"swing spout" device shown in Fig. 12-116. The spout is enclosed in a two- 
compartment box bolted to the molasses outlet in the curb bottom. It is air cylinder 
operated and moved from "green" to "wash" by the automatic control. 

I 

Figure 12-116. Type of ayrup "para. 
ion for cmtrifugsl ccrbr 

SWlNO SPOUT SYRUP SEPARATOR 

Basket Bottom Closure 
I t  is necessary to prevent as completely as possible the leakage of unpurged 

massecuite from the basket into the sugar conveyor. In a manually operated cen- 
trifugal, a flat Steel plate usually covers the sugar discharge opening during charging 
and spinning. This is lifted during discharging. 

This same function can be accomplished in automatic machines. Most 
machines are equipped with a conical basket valve and an air-operated lifting 
mechanism actuated by the automatic control. In some cases the lifted valve is cock- 
ed with respect to the spindle in order to provide roam for the passage of the 
discharger. 

A notably different device is the Poppletan valve developed by Broadhent. In 
this d e s i p  the conical discharge valve is held flush with the basket bottom plate 
when closed by means ofa compression spring. To open, the conical valve is pushed 
dawn below the level of the annular opening in the basket by a pneumatic thrustor. 
The lawcied valve then creates a sump with a curved rotating bottom off which the 
sugar is spun. 

Another simple device is a loadillg cone mounted on the spindle. This device 
is generally not used with white sugar because it does not provide as good assurance 
against massecuite leakage into the sugar scroll. If an occasional leakage can be 
tolerated, the cone is good since there are no moving parts to require repair. 

Continuous Centrifugals 

Historical 
A centrifugal into which the massecuite could be continuously fed and from 

which the purged sugar and molasses could be separately discharged was an oh- 
vious and urgent need long unfilled. Sometime prior to 1939 a Cuban engineer, 
Frederico Sanchez, offered a continuous centrifugal to the sugar industry. It com- 
prised a conical perforated basket mounted on a horizontal shaft. Movement of the 
sugar over the cone was induced by the rotational speed and the angle of the cone. 
The principle was proven but the success was limited, due in a great measure to the 
quality of the available screens. 
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In the early 60's screens with the required ultra-fine openings hecame 
available. These were made of acid-etched stainless steel or electrolytically 
deposited nickel. Screen openings could he made as small as 0.005 in. diameter o r  
with slots 0.0024 x 0.065 in. and their use made the continuvus centrifugal a prac- 
tical machine. The screens were fragile, hut experience and improvements, both in 
manufacture and utilization, extended the life to a reasonable degree. Chrome 
plating the screens extended their life. and a machine with the cone mounted on a 
vertical shaft also proved to he superior. 

Figure 12.117. Vertical roniinvoua cenirifugal (Wesf- Stolcl Machine Carnpnny). 

A tppicn! sertical rpindlc concr;3l;r, centrifugal is shown in Figiirc : 2- 11 7. 
The machine is arranged with the large opening of the conical basket upwards. 
Thus the unit is fed by gravity into the loading howl (accelerating pot) at the smaller 
end. 

The massecuite is accelerated to the peripheral speed of the small end and 
moves up in response to the reaction forces generated. The material will move from 
bottom to top in accordance with the rate of feed. Generally the film of massecuite 
should be maintained at sufficient thickness to keep the "color line" (showing 
molasses elimination) approximately two-thirds up the screen wall. The  purpose is 
to achieve maximum throughput commensurate with acceptable levels of molasses 
purity versus sugar purity. 

r-""-.-' 

Figure lZ-llS. Typical cast mnicril basket for continuous centrifugal 
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The conical basket is the heart of the machine. The one shown (Figure 
12-118) is of a special alloy heat-treated stainless steel cast in a single piece and 
machined all over. For molasses elimination, grooves are provided on the inner SUP 

face and holes are drilled through the wall at the bottom of these grooves. A 
stainless steel backing screen supports the filtering screen which is held in place by 
the lip of the top-bolted loading bowl. 

The monitor casing (curb) forms the housing and support structure for the 
rotating element. It contains internal annular compartments for sugar and molasses. 
A slinger seal prevents leakage between the compartments. 

A three-point rubber buffered support system is employed for the center shaft. 
The top bearing is inside the basket and the battom bearing is just above the drive 
pulley. The center line ofthis pulley coincides with the plane through the center of 
these support assemblies. 

The bearings are forced oil lubricated and the drive is by means o f a  standard 
squirrel-cage motor mounted on a spring-loaded, self-adjusting tension base. 

A feed pipe or spout connects the supply mixer to the feed control valve. A 
grating of steel bars is often employed in the feed system to prevent lumps from 
fouling the valve and possibly damaging the screen. The feed valve is usually air 
operated. The flow of massecuite from the valve to the loading bowl is normally 
enclosed to protect the flow from windage effects and to contain the steam which 
may be used far pretreatment. In the center of the feed enclosure pipe is a hollow 
rod with facilities for the admission of water to the center of the stream of feed 
massccuitc. Steam is added to the periphery of the massecuite stream as required. 

An automatic feed control system is available which regulates the aivoperated 
valve to maintain a preset load on the motor. 

Utilization 
The angle of the cone varies with differmt manufacturers and also with the 

quality ofmassecuite to be processed. Variations from 26' to 34 ' are common. The 
diameter across the top of the cone varies in the range of 34  in. to 40 in. Larger 
diameters may well be in the making. Various spceds are easily available and these 
may go as high as 2200 rpm. 

In the beet-sugar industry in North America continuous centrifugals were first 
used an  intermediate massecuite. Originally the purity ofthe emuent molasses from 
law grade continuous machines was too high in comparison with the batch machine. 

Subsequent experience and improvement in operating procedures have shown 
results in capacity and quality which in many cases exceed the batch machines. The 
original objcctions were low capacity, crystal breakage, high purity molasses and 
low purity sugar. One sing-le element (increased capacity) favorably affected all of 
these objections. 

Increase in capacity means increase in feed rate without reducing the quality 
ofsugar and molasses produced. Basic to this is a high static bead on the feed valve, 
ample fecd-pipe size and pretreatment (fluidizing) of the massecuite below the 
valve. The enclosed feed pipe and central hollow rod previously described (see 
Figure 12-1 17) is one manufacturer's means of accomplishment. The careful and 
proper use of water and steam is critical. 

The high throughput thus accomplished raises the color line, the position of 
which is an observable criterion of the results to be expected. 

I 
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Continuous centrifugals on final crystallizer massecuites have almost corn 
plctely displaced the batch machines li)r this service. The effectiveness ofthe separa- 
tion is superior, the power requircmcnt is lower, the capacity per machinc is greatcr, 
and the labor is reduced. Supervision. however. is critical and cannot be ignored. 

Some users have increased exhaustion by boiling lower purity pans and others 
have, in addition, double-purged the final sugar. The fact that thc continuous 
machines can process massecuites of smaller or mixed grain and lower purities, 
which batch machines cannot handle, has influenced favorably the crystallization 
and separation process on the low raw end. 

Many attempts have been made to apply continuous machines to the finished 
product, white granulated and raw sugars. Some limited succcss has been achieved 
on raw sugar, but little or none on white. 
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Centrifugals. both continuous and hatch, should he treated as pressure vessels. 
The strcsses to which the baskets can he exposed are very high and failures can be 
catastrophic. Regular inspection schedules must he established and followed. In- 
spection must not he superficial and at certain intervals the baskets must he remov- 
ed for intensive examination. 

There is much excellent literature available on centrifuges. If greater detail on 
the basic suhject is desired. for hatch centrifugals. the references appended are 
recommended: (9, 61a. 73, 167, 194. 199. 372, 41 la). Forcontinuauscentrifugals: 
(la.  51a, 61h, 15a. 143a, 175a, 175h, 185a. 190a. 190b. 194% 219a, 239a). 

Supplementary References on Crystallization For Further Reading 

affiation 
automation 
boiling point elevation 
hailing schemes 
conductance 
crystal structure 
density & specific gr. 
cquipiiiriit design 

growth rate 

heat transfer 
hydraulics 

impurities 

kinetics 

liquid structure 
mass transfer 
mathematical models 
nucleation 

quality 
refractive index 
solubility 

ultrasonics 
viscosity 
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I C ,  17 .  22h, 129, 156, 172. 255 
116a, 182a, 193a. 224f. 425b 

35a. 38, 158, 187, 187h 
16. 156 
I l h ,  15h, 15c, 39, 42% 5%. 71a, 114, 116a, 

163, 164, i9nc 

140a. 142. 146. 173b, I%, 230, 369h. 42%. 
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22, 32, 33, 38, 42. 86a, 156, 175, 212, 220 
258a, 272, 343a. 370, 402, 446. 447 
15,  52, 59a, 143c. 144, 323% 369h 
8, I Ih. 59a. 80, 137, 146. 275, 323% 330. 369h, 
436, 441 

173b, 187, 211, 213, 224f. 260. 273, 292c. 447, 
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Chapter Xlll 

GRANULATED SUGAR 

Granulators* 

The white sugar from the centrifugals contains from I %  to 2% moisture. This 
is removed in drying equipment called "granulators." Heated air is used to remove 
moisture and unheated air to coal the sugar. Most of the moisture in wet sugar is 
free moisture around the crystals. and is readily removed in the granulators down to 
a moisture content of0.02% to 0.03%. Most of the moisture remaining is within the 
crystal and will change only by diflusion and time. The granulators also cool the 
sugar for storage. 

The most common type of granulator is the Standard-Hersey granulator 
which consists of two rotary drums, one for drying and one for cooling (Figure 
13-1). The wet sugar is fed into the upper end of an inclined drum. As the drum 
rotates, sawtooth flights pick up the sugar and discharge i t  as a curtain across the 
drum. Heated air is pulled through the drum countercurrent to the s u p .  After the 
drying drum, the sugar is passed through a similar cooling drum with unheated air. 
Air from the drums contains sugar dust and must he put through a dust collector; a 
wet type scrubber is generally used. 

I Air for the drying drum is passed over steam coils and heated to a temperature 
of IOO'C to 130 "C. It is very important that the air entering the drums be free of 
dirt particles. This air should be filtered and sometimes an electrostatic precipitator 
is used. The sugar leaving the cooler drum should be cooled to 50°C or less. and 
the moisture content should be .040% or less, depending on atmospheric conditions. 

To provide sugar at lower temperatures for better hulk storage, refrigerator 
units have been used to chill water for circulating in the cooling coils of Hersey-type 
coolers. Care must be taken, however. to prevent water that may condense on the 
coils, when humidities are high, from being carried into the sugar by the cooling air. 
Sugar at a temperature of 35' C can he obtained in this manner. 

'by J.R. Corsberg 



498 BEETSUGAR TECHNOWY 

In recent years several other types of granulators have come into use. One of 
these is the RotwLouvre granulator (Figure 13-2). It is a single drum with a moving 
bed of sugar that is dried and cooled by air entering louvres and passing up through 
the sugar bed. The sugar moves at the angle of repose with the sugar bed being thin 
at the feed end and deep at the discharge end. Therefore more hot air passes 
through the thin bed of wet sugar. As the bed becomes thick, less air passes through 
and there is less chance of overheating the sugar. The bed depth is critical. to  main^ 
tain the proper air resistance. 

BMA and Buckau-Wolf manufacture granulators designed to dry and cool in 
a single drum. The drying air and the cooling air are withdrawn together at a mid 
point of the drum. T h e  hot. drying air moves concurrently with the sugar to avoid 
mixing dry sugar dust with wet crystals. The Buttner Turbo Tray Drier (Figure 

LOUVRES, 

. AIR .' 
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13-3) has a small rotary predricr and a large vertical cylindrical shell that contains 
rotating trays. The constant movement in the rotary predrier prevents agglomera 
tion of the crystals. The predrier leaves 0.2% moisture in the sugar, which drops on- 
to a rotating horizontal tray in the tray drier. At each revolution a scraper transfers 
the sugar to a lower tray. Cooling air enters the bottom of the tray system, and 
heated air passes through the predrier into the upper tray section. There is internal 
air circulation by turbine t p e  blowers. A horizontal shelf separates the drying and 
cooling air. The exhaust air is removed by a fan and is nearly dust free. 

These newer types of granulators have been developed to make sugar with a 
better appearance. They feature gentle handling ofthe crystal to reduce dust forma- 
tion, and they try to prevent contact between wet sugar and the dust. The 
granulated sugar without this dust has an improved appearance with more sparkle 
and luster. 

REFERENCE 
(1) Sloan, C.E., "Drying Systems and Equipment," Chem. Eng., 74, 187-190 (June 

19, 1967) 

Sugar Screening; 
Screening, or sifting, is a process of separating particles of various sizes by 

means of passing the material over and through a screen cloth. The screen cloth is 
usually a woven fabric whose filament Size and space between filaments is closely 
controlled. The size separation is accomplished by the particles smaller than the 
openings hetween filaments passing through the holes. while the coarser particles re 
main on the surface. 

Screening Equipment 
In the beet-sugar industry today, there are two general typcs of screening 

equipment used-gyratory and vibratory. 
Vibratory. The two most-used vibratory semens are the Hum-Mer (3) by the 

W.S. Tyler Ca., and the Rhewum by the National Screening Co. Both ofthese units 
agitate a steeply inclined screen surface by electromagnetic vibration. The Hum- 
Mer screen, Figure 13-4, agitates the screen 6) by means of an electromagnet 2) 
through rod 5). The amplitude of vibration is controlled by handwheel I). Figure 

Figure 13-4 Crossaection dcva-  
lion of Hurn.Mci screen. (Cour- 
l a y ,  w. s. Tyrn CO.) 

'by C.H. lverson and R.E. Munme 
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13-5 shows a typical Hum-Mer installation. This type of screen has the advantage of 
low power cost, a minimum of moving parts, no lubrication. and easily varied ac- 
tion. The vibrator not only keeps the screen clean but classifies the feed, moving the 
finer sized particles to the screen surface. These types can also be obtained in multi- 
ple~screen surface units as shown in Figure 13-6. 

Figum 155. An installation of Hum- 
Mcr 8cr&ns. (Courtcly, W. S. T y k  Co.) 

-CAST IRON 

LONG ORNING 
FINES HOPPER 

W N O  OPENING 
FINES HOPPER 

MUMMER ELECTRIC SCREEN 
4'X 10'-3 SURFACE W E  38 
33*4NGLE 

Gyratory. The  most typical gyratory types are the Rorex, manufactured by 
the Orville Simpson Co., and the Ro-ball ( I )  by the J.H. Day Co. Figurc 13-7A 
shows a schematic drawing of a Roball single-surface screen assembly. In this uni t  
the screen cloth presents a slightly inclined flat surface, with the sugar being fed at  
the upper end of the top surface ofthe screen cloth. A mechanical eccentric drive I )  
beneath the upper end of the screen frame 2) creates a rotating action at the upper 
end of the screen, while at the lower end. mechanical restraints cause a reciprocating 
action. 

This gyratory action spreads the sugar from the feed inlet 4) over the entire 
screen surface. T h e  incline of the screen surface and the rate of gyration determines 
the rate at which the sugar moves down the slope to the discharge. A gyratory action 
also causes the resilient balls 13). of rubber or plastic, beneath the screen surface. to 
bounce against the screen surface to dislodge those crystals which are slightly over. 
sized and tend to wedge in the openings. A coarse retaining screen below the balls 
prevents the loss of balls into the product. 
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In this type of screening device, the feed enters through a flexible sleeve 4). 
The oversized crystals move across the top of the screen surface and finally 
discharge over the end of the screen into the discharge sleeve 11); the undersized 
pass through the screen. and are carried by the bottom housing pan 14) to the other 
outlet 12). Figure 13.78 shows a two-deck screen which is capable of producing 
three products separated by two different mesh screens, the coarser mesh screen on 
top. 

Screen Cloth 
The screen cloth used in all of the above units is usually a woven metal wire 

mesh, although some companies find better results with silk. 
Mesh sizes vary considerably between companies. Scalping screens vary from 

12 mesh. often used on the end of the final granulator drum. to 26 mesh, used on 
sifting units. For specific sizes of p i n ,  such as “Industrial fine” and “Baker’s 
special,” much finer meshes are used. 

The word “mesh” denotes the number of filaments per inch. This term in 
itself does not specify the opening dimension unless the filament (wire) diameter is 
also given. For instance, a typical Baker’s spccial screen for a gyratory sifter would 
be specified as follows: 64 mesh (filaments per inch), 0.0045 in. diameter wire, 
0.01 11 in. opening, 50.7% open area. A larger diameter wire would result in a 
smaller opening. The mesh sire of a commercial screen cloth does not relate directly 
to US. Standard sieve specifications, because the screen filaments can be of any of 
many diameters, each diameter affecting the opening size, and hence the U.S. Stan- 
dard sieve equivalent. 

Laboratory Sieve Tcating 
Samples of sugar are tested in the laboratory by weighing the sample, and 

placing it on the top screen tray o f a  series of standard sieve trays. These trays may 
consist ofthe following U.S. Standard sieve sizes: 25, 30, 35, 40, 45, 50, 60, 70, 80, 
and LOO. The trays are stacked one atop the other with the coarsest at the top and 
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the finest at the bottom. This assembly is agitated for a specified length of time. and 
the sugar remaining in each screen tray is then weighed, The analysis is usually 
presented as the percentage of the total remaining on a given screen surface. 

The term MA, mean aperture. is the screen mesh opening that will allow ex- 
actly half of the total sample to pass through, and is a measure of the relative 
average Size of the crystals in the sample. CV, or coefficient of variance, is a 
numerical evaluation of the size uniformity of the sample. A smaller C V  would in. 
dicate a more uniform grain size, while a larger C V  would indicate a larger percen. 
tage of crystal sizes at either or bath ends of the distribution. A low CV, 28 or 
lower, is the more desirable product. Please see pp 5 11,512 for a detailed discussion 
of the MA-CV test procedure. 

The graph plotted for any given screen test is valuable also far predicting and 
evaluating the performance of various industrial screens. The industrial screen may 
not have the same opening as the test sieve, but by reading the opening in inches in- 
stead of meshes per inch, the performance can be predicted. 

Most companies collect samples of their final products. identified by each pan 
or strike, and screen analyses are made for the purpose of quality control and to 
identify errors in sugar boiling. 

Screening Efficiency 
The elfciency of the screening process depends on presenting the particles to 

the screen cloth openings in such a direction and at such a velocity that the undersiz- 
ed particles will readily pass through. Some of the factors aNecting efficiency follow: 
a) The thickness of the bed of material passing over the screen cloth. Too thick a 
bed may prevent many of the undersized particles from ever reaching the screen sur- 
face and being thereby separated. b) Improper agitation of the material and screen 
cloth. Too weak an action will result in screen blinding caused by slightly oversized 
particles plugging the openings. Too violent an action bounces the undersized par. 
tic!es $3 thzt kwe: pass thracgh. c) !!inding ef the screen openings. This eNmt ran  
be the result of humidity or particle moisture content causing the filaments to ac- 
cumulate material and the holes to grow smaller. Static electricity is another 
phenomenon contributing to blinding. d) The rate at which material passes over the 
screen. The longer the residence time on the screen. the more opportunities each 
particle will have to pass through an opening. e) Degree of screen inclination. This 
aNects thc effective s i x  uf the screen opening presented to the particle. and the rate 
at which the material passes over the screen. r) The open area of the screen. The 
larger the percentage of open area of a screen surface, the greater the elfciency of 
separation per square foot of screen surface. g) Screen openings. Elfciency is also 
affected by the size of the openings. The larger the openings, relative to the material 
particle sizes, the more elfcient will he the screening action. 

Screening elfciency can be determined by making a laboratory screen analysis 
of the feed and of the oversized product. This analysis will yield the percentage of 
undersized particles in the feed (UI) and in the oversized product (Uo). These 
percentages may thcn he used in the following formula (2) for elfciency (E): 

(1) 
lOO(Uf-Ua) 
Uf ( I  00-UO) 

E =  

Sugar Screening 
Sugar. as it is produced and being handled, is subject to various actions which 

may result in some off-standard product. These anomalies take the form of can- 
glomcratcs, over- and undersized crystals usually resulting from boiling procedures, 

I 

i 
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dust from mechanical abrasion, and accretions from infrequent wash down of pro. 
cessing equipment. Screening, or scalping, is the accepted method of removing these 
accidentally produced particles from the bulk uf the product. 

Customer demand results in screening to meet crystal~size specifications. In 
this situation, the sugar is screened to produce the proper percentages of crystal 
sizes. 

Most companies will scalp their total white~sugar production as produced. 
The oversized fraction is reprocessed through the melter. and the screened product 
either bagged or stared in bulk. If special screen sizes are required, these separations 
are normally made by sifting on the way IO the packaging station or to hulk storage. 
In some instances, these specialty sugars are screened out when sugar is being mov- 
ed from bulk storage for loading or bagging, or when being circulated. Nearly all 
bulk sugar being moved from storage is again scalped to remove any lumps which 
may have formed during the storage. 

Sugar screening is a vital step in the production of quality sugar. and to satisfy 
customer demands for specially-sized sugars. 
Screened Products 

The Table 13-1 shows the sieve analyses of three sizes of screened products 
made by nost  companies, together with the particular screens used on gyratory 
sifters to produce them. Detailed data on screen specifications for various 
granulated sugars will be found an  p 490. 

Production Fine S]"cial 

25 0 00 0.00 0 110 
30 0.63 0 01 0.00 
35 
40 
45 
50 
GO 
50 
80 

100 

M A ,  in 
CY 

lllrollgll 100 

5.09 
12.60 
20.55 
2i.66 
14.66 
10.01 
4.74 
5.40 
3.55 
n . n m  

30 

0.11 
0.84 
3.48 

11.87 
22.96 
18.25 
16.1.1 
9.38 

0.0105 
8.08 

35 

0.02 
0.0') 
0.18 
0.30 
4.31 

23.01 
23.42 
22.12 
26.16 

21 
0.0052 

REFERENCES 
( I )  Day, J.H., Co.. "Day Ro-ball Sifters." Bull. 957, Cincinnati, Ohio, 
(2) Taggert, A.F., "Handbok of Mineral Dressing," Wiley, New York 

(3) Tyler, W.S., Co., "Hum-Mer Elcctric Scmns," Cat. 83, Cleveland, Ohio. 
(1948) 

Bulk Storage and Handling of Granulated Sugar* 
The beet-sugar indusuy in the United States has been developing and improv- 

ing facilities for the storage, handling, and shipping of granulated sugar in hulk 
form for about 40 years. The Great Western Sugar Company built the first concrete 
bulk bins at its Wheatland, Wyoming plant in 1930. The SSA.Weibull steel bin was 

'by J.B. Powcll, revised by Daniel Muller and W.D. Watson 
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developed in Sweden with the first being erected in 1933 far raw sugar storage. 
Since that time ten of the twelve beet-processing companies in this continent have in- 
stalled facilities for storing from 200 000 to 1 million bags of bulk sugar at most of 
their presently operating factories. There are 43 beet sugar factories with bulk sugar 
storage, handling, and shipping facilities in North America today. 

The reduction in labor cost for loading and unloading sugar in bulk as oppos- 
ed to 100 Ib bags, the reduction in freight costs and the flexibility of sacking the 
sugar produced throughout the year rather than during the campaign season only, 
are the chief reasons that make bulk storage and handling attractive both to the pro- 
cessor and to the customer. 

Bulk Storage Facilities 
The most common twes of bulk storage bins used in this country are the SSA- 

Weibull steel bin and the concrete bin. The Weibull bin has the lowest initial cost 
for capacities above 400 000 bags. The concrete bin when constructed in units of 
more than one cylinder, offers flexibility for separation of Several products: i.e.. dif- 
ferent s c m n  sizes and sugars for spccial classes of customers. 

Figure 15-8. Gncmte bulk 
him. Kcmp factory. Goadland, 

The Concrete Bulk Bin. Please see Figure 13-8. This type of storage bin is 
cylindrical in shape and has three basic parts. The bottom part or basement, which 
is sometimes below ground level, contains the conveyors bringing the refined sugar 
from the factory to the bottom of the elevators and the conveying equipment used 
for removing the sugar from the bins. The second part just above, is separated from 
the basement by a reinforced concrete floor. This part is the storage area for the 
sugar. Above the sugar storage area and separated from it by a second reinforced 
concrete floor is the third part which contains the conveying equipment that delivers 
the sugar from the elevators to the storage area of the bin (Figure 13.9). 

These reinforced concrete structures, with wall thickness from 9 to 12 in., are 
constructed in a variety of sizes, ranging from 35 to 50 ft in diameter, with sugar 
storage heights from 80 to 200 ft. Capacities of single cylinders range from 50 000 
to over 150 000 bags. 

These bins are arranged in several ways. A single cylinder may have an out- 
side square or rectangular annex constructed as an integral part, running the full 
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height of the cylinder. This annex may house the elevators and other auxiliary 
equipment. Single rows of as many as 10 bins in line have a horizontal, rectangular 
monitor across the top of the bins which encloses the conveyors delivering sugar to 
storage. Clusters of four, six. and eight cylinders are probably the most common 
groupings of this type of storage bin. The space between a cluster of four. or “star 
bin” may be used to house elevators and auxiliary equipment. Clusters of six and 
eight bins have two and three star bins, respectively. In many cases the extra star 
bins are used for sugar storage. One star bin has about 60% of the capacity of one 
cylinder in a cluster. Elevators and other equipment can be housed in the sugar cnd 
of the main factory building, freeing all the star bins for sugar storage (Figure 
13.1 0). 

Figum 15-10. “Star bin” in t lu i t~r  of PASSENGER ELEV 

ELEa 
four concrctc bins. @ W0MMRaLES 

Sugar is removed from the bins through openings in the flat bottom which 
allow the sugar to flow into screw conveyors housed in the “basement” section of 
the bin. Early installations have multiple openings which allow self discharging 
dawn to a depth of approximately 20 ft. The remainder of the sugar must be 
manually shoveled to the openings for discharge. Later installations are equipped 
with mechanical reclaimers that convey the sugar to one center opening for 
discharge into the screw conveyor beneath the bin floor. The reclaimer consists of 
an unhoused screw conveyor. approximately the length of the radius of the bin, 
mounted on a bridge or carrying structure. The bridge is suspended by cables from 
a track or rail around the top of the bin. This allows the reclaimer to be lowered to 
the surface of the sugar and to be rotated around the bin as desired. Mechanical 
reclaimers eliminate most of the manual labor required for emptying a storage bin. 
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Sugar is stored directly against the concrete walls and floor of the bins in the 
majority of installations. The interior concrete surfaces are hand-troweled and hon- 
ed to a smooth, hard surface. Electric surface grinders are also used, fallowed by a 
thorough washing down of the  new concrete surface to prevent contamination from 
sand and surface dust. 

To prevent moisture migration through the concrete to the stored sugar, Some 
of the early installations were coated with sodium silicate, 

The Spreckels Sugar Division, Amstar Corp. has employed a bin-space lining 
system in all hut their most recently constructed concrete bins. This lining is applied 
to all surfaces in contact with the sugar and provides a space for circulation of warm 
air up along the walls of the bins, minimizing the influencc of moisture migration 
through the concrete to the sugar. This lining is a three-laycr system mounted on 
2x3 in, Douglas fir vertical studs, on the bin walls, and horizontal nailer strips on 
the bin floors. The first layer consists of0.5-inch thick exterior grade plywood nail- 
ed to the studs. The  second layer is a six mil thickness of polyethylene film. The 
third layer consists of 3116-inch tempcred presswood with the smooth surface out, to 
pxsent the finished surface of the lining. 

T h e  SSA.Weibull Bin. Please see Figure 13-1 I .  The first SSA-Weihull steel 
bin for the storage of refined beet sugar in this country was erected in 1959.60 by 
Union Sugar Division, Consolidated Foods Corporation at Betteravia, California. 
The walls ofthis cylindrical bulk bin are of mild steel plate covered with galvanized 
iron sheeting which fonns air ducts up the outer walls. The sides are insulated, and 
the insulation is faced with aluminum sheeting. The steel roof is insulated and 
covered with asphalt roofing paper. An air space is provided undcr the roof beams 
with aluminium sheeting. The interior steel walls are protected with an epoxy 
coating in some cases. A 12-ft diameter center column houses elevators and aux- 
iliary equipment. A traveling crane rotates about the center column. carrying 
distribution chutes for the sugar and a screw conveyor or reclaimer, which can be 
raised and lowered, used for carrying the sugar to the center column for removal. 

Figurn 
bin. 

1511. sation 
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Sugar entering the bin can be conveyed beneath the bin to an elevator in the 
center column, or overhead, entering the dome and feeding directly to the distribu- 
tion equipment. 

The temperature and humidity of the air circulating in the walls, ceiling, and 
within the bin itself are closely controlled. Capacities of this type of bin range from 
I IO 000 to 880 000 hags, with diameters from 78 to 156 ft. 

The Horizontal Bulk Bin. There is one horizontal storage bin in the 
United States erected for the Michigan Sugar Company at their Caro, Michigan, 
factory (Figure 13.12). This bin is a steel building 2 2 0 x 6 0  ft and has a storage 
capacity of200 000 bags. It is heated with Chromalux MI heating cable in the con- 
crete floor and sides of the building. Conditioned air is circulated through the 
building, maintaining a temperature of 60 '-65 "F with a relative humidity of 
50.60%. Sugar enters the bin from a steel belt conveyor along the peak of the roof 
and is removed by a Saueman drag which moves the sugar to a hopper in one end 
of the bin for removal by a screw conveyor. 

Figure 13-12. Heatin r rhlr  in 
horizontal bin of Micfigsn Su@r 
Company at  Cam. Michigan. 

Sugar Conditioning. Sugar in bulk storage will become hard or caked or will 
bccome excessively wet under certain conditions aftemperature and humidity New- 
ly produced granulated sugar is said to contain three types of moisture: a) free 
moisture, h) hound moisture, and c )  inherent moisture (I) .  

Free moisture on the surface of sugar crystals leaving the centrifugal station is 
readily reduced in the granulators to 0.030-0.04096 and the sugar appears to he dry. 
Bound moisture as described by S .  Stachenko, W. Allen, and J. Swan (5) is due to 
the rapid evaporation rate in the granulators, causing some parts of the outer layer 
of the syrup film to crystallize at high supersaturations. A glaze is formed, trapping 
some of the water near the surface of the crystal. This trapped or hound moisture 
when moved to the surface of the crystal causes the sugar to be wet, or if rapid dry. 
ing occurs while the sugar is in a static condition, severe caking will occur. 

The slow release of bound moisture and the reduction of hound moisture by 
improved sugar boiling utilizing mechanical circulating vacuum pans is described 
by T. Rodgers and C .  Lewis (4). 

Inherent moisture is described as pockets of moisture contained within the 
sugar crystal, and does not appear to be a major problem in storing hulk sugar ( I ) .  
One of the most important features of the SSA-Wcibull bin is that it is designed to 
maintain the temperature of the bin and the temperature and humidity of the air 
within the storage area at 30 'C and 70% relative humidity. Under these conditions 
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it is claimed that refined sugar with a moisture content of 0.07% will be in 
equilibrium and that caking or excessive surface moisture will not occur during 
storage (6). 

In unlined concrete bins it is not possible to maintain equilibrium conditions 
of the bin walls and floors, necessitating aging or conditioning of the sugar before it 
is stored, or within the storage bins during storage. 

Holding bins with capacities up to 24 hours retention of sugar production are 
employed. Bound moisture released during this retention or aging time is removed 
by blowing air of controlled temperature and humidity through the sugar in the 
holding bins. 

The use of one concrete bin in a cluster for aging and then circulating the 
sugar to the other bins for storage is another method employed to remove moisture 
released before the sugar goes to Static storase. 

The circulation or movement of sugar in storage from one bin to another or 
from the bottom of a single bin and hack 10 the top of the same bin is a technique 
employed 10 keep sugar in a free-flowing condition while in storage. Conditioned air 
at 65 - 70'F and a relative humidity of 55% is usually circulated through the air 
space above the sugar in an effort to remove moisture being released from the sugar. 
In arid climates such as the Rocky Mountain region, humidity control is not as 
necessary and it is usually sufficient to circulate warm air during the cold weather 
season. 

Explosion Prcvcntion (3). Before bulk sugar storage and mechanical hand- 
ling of sugar came into common use, little thought was given to the safe handling of 
sugar. Only small and uncomplicated systems were required and the breakage and 
dusting of sugar in those systems was of little consequence. In the larger and more 
complicated bulk sugar handling systems of today, sugar dust from the abrasion of 
sugar crystals in handling has become a hazard of serious proportions, both inside 
and outside of the equipment. 

The conditions that must he fulfilled simultaneously far sugar dust explosion 
to occur as stated by R. Edwards and E. Cunneen (2) in their study of pneumatic 
handl ig  systems are: 1) Sufficient oxygen must he present to support combustion, 
9% by volume at atmospheric pressure. 2) The concentration of sugar dust must he 
within explosive limits: a minimum of 20 gmslcu rn. 3) The ignition source must 
release sulficient energy to ignite the sugar dust cloud; a minimum ignition energy 
of 30 millijoules. 4) Edwards and Cunneen further smte that a fifth condition must 
he fulfilled for an explosion to be initiated by an electrostatic spark. 5) The elec- 
trical field strength due to static electric charges on the sugar or the containing 
vessel must he large enough to cause a spark discharge. This means a minimum 
field strength of 20 000 voltslcm. 

In the past 20 years there have been no less than seven major sugar dust explo- 
sions which have resulted in extensive property damage and loss of life. Little has 
been published in the literature with respect to these explosions due to legal implica- 
tions. but nevertheless a considerable amount of scientific and investigative work 
has been carried on, both by the owners and by the insurance carriers. 

In each of the above mentioned explosions. the exact location and the exact 
cause of the explosions have not been determined with certainty. Each, however, 
followed the characteristic pattern of all dust explosions which begins with a small 
explosion or pressure rise and proceeds at up to sonic speed until all fuel (dust) in its 
path has been consumed. This process can originate either inside or outside the 
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equipment and is supported by dust that is stirred up in the immediate vicinity. Fire 
follows closely the pressure rise and the result is a number of explosions that in- 
crease in mapi tude as the process proceeds. 

Columbia Basin Factory Installation.' In the rebuilding and operation of 
the Utah-Idaho Sugar Company bulk sugar bins at Moses Lake, Washingon, pro- 
tection against sugar dust explosions and fires was obtained by observing the follow- 
ing: isolation, housekeeping, National Electrical Code Class 11 6 for electrical 
system and equipment, dust collection and control. static elimination. periodic  in^ 
spections. maintenance and welding regulations, and fire control systems. 

Isolation. Each of eight, 50 ft diameter by 130 ft high, bins is completely 
isolated from each other. Each has its own heating and ventilating system including 
Pulsaire dust collectors. 

The sugar handling equipment serving these bins consists of dust-tight screw 
conveyors and dust-tight belt type bucket elevators. Each piece of equipment is  in^ 
dividualized and deaisned to "fail safe." I t  is isolated from other equipment by 
means of a star-type feeder valve mechanically driven from the conveyor or elevator 
as the case may be. Each piece of equipment is also equipped with adequate 
blowout panels which are vented to the outside. 

The bucket elevators are all equipped with static eliminators at the head 
pulleys. 

All equipment, including diversion gates and valves, is controlled from an air 
conditioned control room located outside the bulk bin complex. The bins are 
operated by one man. 

Hourekeeping. Perhaps the most important precaution against dust explosions 
is housekeeping. All floors of the bins, the elevator shafts and the sugar screening 
and packaging areas are mopped each day. Dust is not allowed to accumulate on the 
floors, walls, or ledges, including structural steel, and equipment. With this kind of 
housekeeping an explosion either inside or outside of the equipment cannot travel 
from one area to anothcr. 

Electrical System. All electrical equipment installed in the bulk sugar bins 
conforms to the National Electrical Code, Class I, Group "G." 

Dud Collection and Control. Dust is collected from the circulating air in each 
bin by means of Pulsaire filters. This dust is removed from the filter each day and 
returned to the plant for remelting. 

A vacuum-type dust collection system using a Pulsaire filter serves the head 
houses, the basements and the elevator shafts in the bulk bins. as well as the sugar 
screening and packaging areas of the plant. Sugar and sugar dust collected in this 
filter is removed each day, and is remelted or stored in bags as sweepings. 

Static Eliminolorr. Static eliminators are used an  all bulk elevators and an  
electrical equipment where needed to permit an electrical discharge that could con- 
tain enough energy to set off a dust explosion. It was not found practical to provide 
static elimination far the space charge that theoretically can develop within the bins 
if a large movement of sugar should develop a dust cloud. 

Periodic Inspections. A periodic system of inspections by the Insurance 
Department has been developed to insure that maintenance and welding procedures 
are followed and that other regulations and housekeeping procedures are maintain- 
ed. 

lThis factory no longer is operating. 
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Mointenoncc and Welding. Rules and regulations governing maintenance and 
welding in dangerous areas have been put into eflcct. 

Fire Control Syslern. The fire protection system, and fire extinguishers are in- 
spected regularly. A Fire Department has been organized with each man assigned 
specific duties in case of fire. Fire drills are held regularly. 

Bulk Shipments of Granulated Sugar 
The granulated sugar stored in bulk bins is used for packaged sugar and li- 

quid products, with a large quantity being shipped direct to customers as bulk 
granulated sugar. This bulk sugar is shipped in quantities as small as 2000 Ibs in 
Tote bins, up to the largest rail car with capacities of 19 000 Ibs. 

Rai l  Shipments. The most common railroad equipment in use today for bulk 
granulated sugar is the “Airslide” car. The capacities of these cars vary from 
120 000 Ibs to 190 000 Ibs. They are divided into compartments as shown in Figurr 
13-13, 

The sugar is loaded through a number of hatches in the roof and a slinger is 
normally used to distribute the sugar uniformly in the car (Figure 13-14). 

The unique feature of these cars is the Airslide type of unloading. The bottom 
of a compartment is actually a siliconeimpregnated canvas membrane which is 
porous enough to allow air to flow through the membrane into the sugar. The car is 
connected to unloading spouts. The unloading hatches are opened and sugar is 
allowed to flow out by gravity. When the flow slows down, low pressure air, of 
about 6 psig. from a blower with a capacity of 400 cfm is turned into the jacketed 
area below the canvas membrane. The air flows through the membrane and 
fluidizes the sugar, causing it to flow to the outlet of the car. 

Airslide cars can be unloaded at from 600 to 1200 bags per hour depending 
on the capacity of the equipment conveying the sugar away from the car. Hopper- 
bottom cars, which are unloaded entirely by gravity, are also employed. Rail cars 
are usually conditioned by blowing air at a controlled temperature and humidity 
through the car before loading begins. Sugar is weighed to rail cars in large steel 
bins supported on scales, or in railroad platform scales where the car is positioned 
for loading. 
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Fig”* 111.14. Sling.. rnrchanilm for 
losding bulk sugar car. 

Sugar shipped in hulk rail cars will arrive at the customer’s point of use in a 
free-flowing, lump-free condition if the proper techniques of storing and handling 
are followed. 

Truck Shipments. Bulk granulated sugar is shipped in trucks using three 
general types of unloading: hopper-bottom trucks (Figure 13-1  5 )  for gravity 
unloading, mechanical unloading using helicoid screw conveyors running the length 
of the sugar compartment. and pneumatic unloading employing a compressor that 
places the customer’s storage bin under vacuum and “sucks” the sugar from the 
truck. 

Used air is returned to a sock-type dust collector on the truck, The sugar dust 
is removed from the dust collector at the loading p i n t  for reprocessing. Weighing 
of sugar to hulk trucks is by the same means as used for railroad equipment. The 
pneumatic unloading truck is widely used for customers not requiring controlled 
grain size. (Figure 13-16), 

Portable Bins. In addition to rail and truck shipments, hulk sugar is also ship- 
ped directly to CustomerS in portable bins commonly called “Tote” bins. These 
bins hold from 20 to 50 hags of sugar and are constructed to be handled by fork-lift 
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Figure 
bottom 

13.15. Lording 
Uuck. 

hoppcr-  

f i  YIC 15-16. Pneumatic truck. 
vdioading mgsr LO <uiiom~r's bin. 

trucks. Light-weight aluminum alloy bins are most satisfactory for this purpose, 
although other types of construction are used. The use of portable bins eliminates 
the necessity of large storage bins for customers. This method of handling and stor- 
ing sugar is attractive to the customer who uses sugar at a fairly constant rate. 
(Figure 13-17), 

Conveying and  Auxiliary Equipment  
A sizeable invesment is required for auxiliary quipment  for bulk-sugar 

Storage installations. This includes conveyors. screens, holding bins, magnets, 
healing and air conditioning equipment, dust collectors. scales, and lump breakers. 

J 
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Conveying Equipment. Mechanical conveyors are often used for transport- 
ing sugar from the sugar dryers to storage and from storage to sacking stations and 
bulk loading stations. Helicoid screw conveyors, bucket elevators of galvanized iron 
construction and belt conveyors arc most widely used. Screw conveyors require 
special sealed antifriction bearings or lubricant~free bearings to prevent contamina- 
tion of the sugar. 

Pneumatic or air conveying systems have been employed in some instances. 
These are comparatively economical but have the disadvantage of a high percentage 
of crystal breakage. This breakage creates sugar dust, which, if not removed, affects 
the flowing and handling characteristics of the sugar. Removal and reprocessing of 
the dust adds extra cost to the sugar handling. Some pneumatic systems originally 
installed have been replaced with mechanical conveyors. 

Screens a n d  L u m p  Breakers. Scalping and sizing screens are used for sugar 
entering bulk storage and in most cases scalping and lump screens are used for 
sugar leaving storage. These screens are usually vibrating or gyratory types with 
multiple deck screens being employed where scalping and sizing are done. 

Sugar leaving storage bins in many installations is run through mechanical 
lump breakers ahead ofthe final screening stations. For further treatment ofscreen- 
ing, see pp. 459-464. 

Weighing Equipment. Sugar entering bulk storage bins is weighed for inven- 
tory purposes using automatic dump scales. These scales vary in capacity from 
single and double scales of 100 Ibs per dump to scales as large as 500 Ibs per dump. 
In order to maintain accurate inventories these scales require constant attention. 
The system of check weighing at regular intervals is essential for accurate weights 
from these scales. Signal systems that indicate when a scale is stuck open. reduce the 
possibility of unaccounted sugar entering storage. Electrical scale control should be 
housed in dust-proof enclosures to insure proper operation. Dust that boils out with 
each dump of the scales must be kept cleaned up either manually or by installing 
dust collection systems. A systematic maintenance program by competent personnel 
will help insure an accurate accounting of the sugar entering storage. 

Other Equipment. Mapets  for removal of iron and steel particles are almost 
universally used in the stream of sugar leaving storage bins and in some cases ahead 
of storage. 

Collecting systems for the removal of dust from conveying equipment in 
storage areas are necessary. Air is pulled ofland the dust collected in dry cyclancs. 
bag collectors. wet rotoclones. and electrostatic collectors. Vacuum cleaning 
systems for removal of dust from equipment and noon are used at many installa- 
tions. 

REFERENCES 

(1) Dowling, J.F., Tech. Papers Prdc. 25th Ann. Meeting Sugar Ind, Technol., 

(2) Edwards, R.E. and E.W.P. Cunneen, Tech. Popem Proc. 27th Ann. Meeting 

(3) Lott. P.H.. Utah-Idaho Sugar Co.. personal communication (Oct. 1969) 
(4) Rodgers, T .  and C .  Lewis, Int. Sugar J., 64, 359-362 (1962); 65, 12-16, 43-45, 

34 (1966) 

Sugar Ind. Technol., 44 (1968) 

8n-m I I  ~ f i m  
\ . - " - I  _I _ _  

(5) Stachcnko. S., W. Allen, and J. Swan, Tech. Popen h o c .  251h Ann. Meeting 

(6)  Tubb, E., Tech. Papers h o c .  27th Ann. Meeling Sugar Ind. Technol., 32 
Sugar Ind. Technol., 75. (1966) 

(1968) 



514 BEET-SUGAR TECHNOLOGY 

Warehouse Opsrationa’ 
Sugar storage has changed in recent years with the advent of bulk storage. 

Prcviously, all of the sugar was packaged and large warehouses were needed to hold 
the production at the end of campaign. A modem factory stores sugar in bulk.sugar 
storage bins, or in the form of thick juice in juice storage tanks. The warehouse is 
designed to hold only a minimum inventory of packaged sugar. This system has 
many advantages, such as flexibility in later packaged production, packages that are 
clean and fresh, lower storage costs, and the possibility of screening to meet 
customer requirements. 

Many older beet-sugar factories still have large package warehouse facilities, 
usually filled to capacity by the end of campaign. These older warehouses 
sometimes have piles 65 bags high, which is much higher than normal in other in- 
dustries. For safety at these heights, paper bags must be carefully stacked. A tie pat- 
tern similar to brick laying is imperative. and the four-layer pattern in Figure 13-16 
is commonly used. I t  is important that the edges of the pile be vertical and straight 
as even a slight lean can cause a shift and the collapse of the pile. 

rm% m Y m  SECOCID LAYLR 

TIllRD LAYCR rnuRT* LAYER 

Wooden racks a x  used on the warehouse noor to bold the sugar away from 
any moisture on the concrete noor and to allow air circulation under the pile. 
Moisture-proof paper is sometimes used under the sugar bags. The pile is built with 
a portable “bag stacker,” which carries the bags to workers at the top af the pile. A 
space of two or three feet is left between the pile and the warehouse wall to permit a 
passage way around the warehouse walls and to allow air circulation. In cold 
climates the warehouse should be heated with forced-air circulation to prevent the 
sugar from turning hard during succeeding summer weather. 

Factories with modern warehouses have different storage methods. Instead of 
high piles requiring manual labor, the sugar is stored on pallets and handled by lift 

‘by J.R. Corsbcrg 
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trucks. Palletized storage is limited in height by lift trucks; four pallets are the nor- 
mal maximum. Many factories are installing automatic palletizing machines which 
take the bags from the production line and stack them in a pattern on a wooden 
pallet. An operator is needed only to supply empty pallets and to remove the loaded 
ones. Palletired storage can create labor reductions up to 90% ofthai needed for pil- 
ing sugar. 

Removing bags from a high pile can be a difficult operation. The last pile is 
left with a low spot where a chute can be placed. Bags are worked down to the 
chutes, and more chutes are placed as soon as possible. Portable chutes are used, 
made from wood or metal. Sometimes a screen or a piece of canvas is used on the 
chutes to provide friction to slow the bags. 

Packaged sugar is transported to the customer both by railroad car and truck. 
Railroad cars are loaded by piling bags in them or by setting pallet loads in the cars. 
Palletized shipments are being used more because of many advantages, primarily 
labor savings at each end of the shipment. Man hours required to load or unload 
can be reduced from 20 hours to about 2 hours. Other advantages of palletired 
shipments are decreased warehousing costs. increased labor eficiency. better utiliea- 
tion of equipment. simplified inventory control, less damage, and elimination of 
hard physcial work (see Figure 13-19), 

Special railroad cars have been developed for pallctized shipments, such as the 
DFB cars. These cars have movable bulkheads that lock against the sides and ends 
of the load to prevent movement, and the cars are equipped with a sliding sill-type 
cushion underframe device. Palletized shipments in these special cars have been very 
successful. A standard pallet is desirable for palletized shipping. At present, the 
most popular pallet is the 48x40  in. as shown in Figure 13-20, Some pallet 
shipments are sent on special pallets of thick cardboard; however, these require a 
special lift truck attachment for handling. 
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Packaging 
Sugar from bulk storage may be screened, and can be sent either to the bulk 

truck or railcar loading station, the liquid sugar station, or to the sugai packing sta- 
tion, Packaging is an important part of factory operations, because about half of all 
sugar produced in North America is packaged (23). 

Historical Notes o n  Sugar Packing* 
J. Dedek noted that in 1846 there was a debate over the substitution of bags 

for wooden stave barrels, but the barrel was not finally eliminated until about 1945. 
A large part of all the sugar sold, up to the early part of the present century. was in 
tbe form of solid cones. 

In 1889 Henry E. Smyser developed and patented a semiautomatic packaging 
machine. which was purchased by John Arbuckle. the sugar and coffee "king." 
This packaging machinery started a revolution in the food packaging industry, 
resulted in the building of a great refinery at 122 John Street, New York, and 
started a sugar war between the industrial giants H.O. Havemeyer and John Ar- 
buckle, which did not subside until about 1900. 

At about this time cartons came into use, and by 1905 refinery-filled consumer 
packages were cutting into the grocers' business of filling kraft paper bags by hand. 
Beet-sugar consumer packages appeared after 1920, cotton 5 and I O  Ib sacks over- 
wrapped with burlap. which had been inaugurated by the American (cane) Refinery 
in 1897. 

The return to paper for sugar packaging was initiated by Benjamin Oxnard. 
presently retired Senior Vice President of The Great Western Sugar Company, who 
was then at the Savannah Refinery. In 1937 he announced that henceforth all stan. 
dard packages of granulated sugar would be available in paper bags packed in a 
paper bale. Table 13-2 summarizes changes in sugar-packaging distribution over 
the last 32 years (see also Figure 14-1, p. 527). 

Table 13-2 ToUl U. S. Sugar Uelirerirr, Beet and Cane, All Grader, A l l  Yarkagcs 

Indurtriai(~) 
Household(.) % of Tofd 

Calendar Tom1 % of Bulk 100.Ib 
Year C"f. Total All Dry Liquid Biz3 

1949 136 828 uno 39.0 61.0 2 54 
1957 159 005 000 35.9 GG.1 n 13 45 
1958 164 209 000 35.5 64.7 10 13 4 2  
I968 202 121 238 25.4 74.6 25.8 24.8 24 
1978 197 400 000 23.0 77.0 44.3 31.5 23.6 
1981 185 185000 25.3 74.7 47.3 27.5 25.1 

Norus: Sourrc. U S  1)epi. 01 Agriculture. l h i s  represcnu 98.5% distribution in 
Continental United S t a m  ( a )  Hoasehoid grader include p c L a g ~ . s  under 50 11s. excluding 
25 Ib brown and puwdcred s u p r s .  (b) l ~ ~ l u d e r  fine granulated. cmrlers tested, bottlers, 
indurlrirl line, and cuarse and pwdered sugars. 

Package  a n d  Methods of Productinn' 
Sugar packages are produced in many sizes. shapes and constructions to meet 

the interests of consumers, government, society. retailers, and sugar companies. 
Small packets holding a teaspoonful of granulated sugar, and small cubes are 

'by S.L. Force and P.L. Dupes 
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favored by institutional-type consumers such as airlines, hotels. and restaurants for 
individual serving. Larger packages of 1-lb. to 25-lhs are sold by grocery stores and 
contain granulated sugar. powdered sugar and brawn sugar. The largest packages 
hold from 25-lh to 100-lhs ofgranulated, powdered or brown sugars in several grain 
sizes. These packages are sold to industrial-type sugar consumers including soft 
drink manufacturers. candy makers and bakeries. 

Sugar packaging materials, methods, and equipment will k reviewed by types 
of packages. These are packets, cartons, small and large paper bags, and plastic 
bags. 

Packets 
Small paper pouches of granulated sugar in teaspoon amounts, for individual 

servings, are called packets. The production of sugar packets k g a n  in the U.S. in 
about 1940. Today, billions of sugar packets are sold each year in the U.S. alone 

Packets are made from continuous. wound rolls of kraft paper, usually hleach- 
ed white. The paper is printed on one side with the CuStomer’s name or artwork, 
and coated on the opposite side with a heat sensitive polyethylene to provide sealing 
characteristics. The preprinted and precoated paper is received from the paper sup- 
plier in rolls about 3.5 in. wide. 

Packets are formed, filled and sealed on several available types ofmachinery. 
On all machines, the paper is first unrolled and folded in half to form a V-shaped 
continuous web of paper about 1.75 in. wide. The folded edge serves as one side of 
the packet. Two other sides of the packet are next formed by sealing together por. 
lions of the folded. inner-coated paper using a heating plate at a temperature of 250 
to 5509 F. The heat-sensitive coating seals quickly under heat. Heat does not harm 
the paper because the length of time the paper is in contact with the heating plate is 
very short. The resultant three-sided pouch is then filled with a premeasured 
amount of sugar weighing either approximately I16 or 114 ounce. Packets are sold 
by weight. Since the density of sugar is variable, the measured volume of sugar must 
initially be set high enough on the machine to always assure a given minimum net 
weight. The alternative of weighing these minute quantities of sugar is too slow. 
After filling, the top of the paper is heat sealed. The continuous web of packets is 
then sheared off at the heat seals about every 2.5 in. to form individual packets. The 
finished 1.75x2.5 in. packet is packed in cartons and shipping containers. 

Packet machines vary in design and speed of operation. See Figure 13-2 1. The 
intermittent-motion type machine (16) pulls the paper roll, one packet at a time, 
through the heat sealing, filling and shearing units. The units reciprocate and are 
actuated by cams driven by various shafts. This machine can produce at the rate of 
180 packets per minute. O n e  man can operate several machines. Another machine 
(6) is based on the continuousmation principle, in which the paper web is con- 
tinuously pulled through rotary heat sealing, filling and shearing units, similar to 
film passing through a motion picture projector. The continuous motion concept 
results in significantly higher production rates of over 500 packets per minute. 

The preprinted. continuous web of paper must be kept “in-register” to assure 
that each printed design is reasonably close to the center of each formed packet, T o  
accomplish this, the paper supplier prints small, evcnly spaced registration marks on 
the web adjacent to each printed packet face. A photoelectric eye on the machine 
scans the paper web for registration marks and actuates a registration control system 
accordingly. Registration is automatically controlled by slightly adjusting the rate at 
which packet paper is fed through the machine. 

(‘2). 
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INTCRMITTENT MOTION T Y P E  
PACKET MACHINE 

CONTINUOUS MOTION TYPE P A C K E T  M A C H I N E  

Cartons 
Although the carton-type sugar container is considerably more expensive than 

the more commonly used paper hag of comparable size, the carton is popular for 
holding small I-lh or 2-lh quantities of granulated, powdered or brown sugars. The 
carton has several advantages over paper. It has sales appeal because it is easier to 
grasp and reuse. It is more resistant to punctures and it ofiers a better moisture- 
vapor harrier for the sugar. Its stability gives it better stacking characteristics in the ... " "'I-. " "-6 :. :s ~" ' "asc -.. .. . -..sic: than the hag to npen, fi!! and convey nn packaging lines. 

Numerous paperboards of various weights and constructions are available. 
One popular board used for sugar cartons is chipboard, made from a mixed-waste 
paper pulp. A clay coating is applied to one side to provide a surface suitable for 
high quality printing. Cartons arrive at the sugar plant from the supplier in a flat 
form, already cut, folded, scored and printed. 

Cartoning Granulated Sugar. Granulated sugar is a comparatively free- 
flowing product. It fills packages more rapidly than powdered or brown sugars and 
is less vulnerable to caking or lumping. Granulated sugar is cartoned in I-lh and 
2-lb quantities. One firm has marketed granulated sugar in a 4-lh milk carton, hut 
this is not common, An aluminum pour-spout is used on the I-lb and 2-lb con- 
tainers as a consumer convenience. 

A popular cartoning machine is the continuous motion type machine ( I  7). 
Chipboard carton flats are first opened and the bottoms are automatically glued. A 
separate machine inserts pour spouts near the top side of each carton. The cartons 
are then continuously filled with preweighed amounts of sugar under a series of 
balance type scales. The carton top is then glued and sealed, Sealed cartons are 
generally collected in units of 24 or 30 and packed in corrugated, case shippers. Us- 
ing the net weighing principle, production rates of 180 cartons per minute are 
noted. Higher rates to 260 cartons per minute (18) can be realized if the sugar is 
volumetrically measured, or filled into measuring cups and leveled off, instead of 
being weighed. However. because of rapid density variations of sugar at these high 
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production rates. package-weight control is seriously sacrificed unless instrumenta- 
tion is added to continuously monitor density changes and feed back signals to ad- 
just the amount of filling accordingly. For the smaller sugar packager, other lower 
cost equipment (15) using net weight scales is available at production rates under 
100 cartons per minute. 

Cartoning powdered and  brown sugars. The absorption of moisture by 
powdered sugar and its subsequent drying creates caking or lumping. Conversely, 
the loss of moisture by brown sugar results in hardening of the product. Therefore. 
a liner inside the carton is desirable as a moisturevapor barrier for these special 
products. Waxed glassine paper is commonly used as the liner material. 

The carton and inner liner are formed on a double package maker (16). See 
Figure 13-22. The glassine paper liner is first cut from a large roll, and glued and 
wrapped around a forming block. The machine has eight forming blocks on a t u m t  
that indexes to several farming stations a n  the machine. The liner end is folded on 
the black and the carton shell is glued and formed around the liner and block. The 
carton end is then foldcd and gluesealed on the block. The lined carton is ejected 
from the black and conveyed to the filling and gross weighing scales. 

Figure IS22 Packsging powdered sugar in I-lb cartons. 

The filling equipment (16) includes auger feeders to force the hard-to-handle 
product into the filling spout above the carton. The carton at time offilling, rests on 
a balance scale and the product feed is cut off when halance is reached. The scale 
compensates for the weight of the empty carton. This gross weighing method is 
slower than the net weighing method used with granulated sugar, but it is necessary 
due to the poor flowing and sticking characteristics of powdered and brown sugars 
(4). Further checkweighing, with automatic rejection cf undenveights, is usually ac- 
complished downstream of the filling equipment. I-lh and 2-lh carton weights can 
be controlled within a small fraction of an ounce. The filled carton next proceeds to 
a top closure machine ( I  6) which closes the inner lining and carton flap. The glued 
carton travels through a drier conveyor to allow time for the glue to set. Cartons are 
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then accumulated in groups usually numbering 24, and are packed in corrugated 
cases or shippers. The shipper is glue sealed and conveyed to the warehouse prior to 
shipment. 

A I-lb powdered sugar carton line as described can produce 60 cartons per 
minute. Two men can usually operate the line. The packaging of I-lb brown sugar 
cartons is similar except a foil or other type liner material is at times substituted in 
lieu of glassine paper. The sticky nature of brown sugar makes filling and gross 
weighing operations dilfcult. 

Small Paper Bags 
The widely used small paper bag, holding 5-lb or IO-lb quantities of 

granulated sugar. is made of two walls of kraft paper. Kraft paper is the most 
economical and most used flexible packaging material (19). The outer wall is kraft 
paper bleached white, or a color to provide sales appeal and printability to the sur- 
face, The inner wall is unbleached natural brown kraft paper and provides strength 
to the package. 

Bag Making. Unlike packets, cartons and plastic bag packages, empty paper 
bag containers are not always formed directly on the packaging line. The two-wall 
bag can be furnished premade by a bag supplier, or it can be fabricated from paper- 
roll stock on a double bag-maker machine installed on the packaging line. The 
method selected depends on many conditions. Each bag-making machine is expen- 
sive and each machine can produce only one size of bag. However, in-plant bag 
making eliminates the need of paying a hag maker and no additional packing-line 
labor is required to operate the machinery. Bag making equipment is generally more 
suited to the sugar company with a minimum number of 5-lb bag and separate 104b 
bag packaging lines, with each line operating on heavy year.around schedules. 

If bags are made by an outside supplier, they must be made to fold flat for 
shipment to the sugar plant and must be made to open easily an automatic bag fill- 
ing equipment. If the hag is to be sewn closed after filling, the bag has folded inside 
gussets to ease forming and pinching of the bag top prior to sewing. (Figure 13-23,) 

Figure 13.23. Packaging beet sugar io 5.1b or IO.lb paper bags. 
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Bags that are to be glue sealed after filling do not usually require gussets. When 
bags are fabricated on the packaging line, rolls of paper are cut. glued and wrapped 
around forming blocks on a machine (13,20) similar in operation to the double. 
package maker used 10 form lined I ~ l b  cartom. However, pre-printed paper rolls are 
fed in the machine instead of individual precut carton blanks, and, like packets. 
registration control is necessary. 

Bag Filling and Closing. (Figure 13-23). Formed bags, regardless of design 
OT supplier, are filled under a series of net-weight scales in which a known weight is 
balanced through a lever against an unknown weight (l,2,4). Weights can be con- 
trolled to within a small fraction of an ounce. Filled bags are lightly vibrated to set- 
tle the loosely packed granulated sugar and conserve bag materials. The bag top is 
then glued, folded over, and the glued seam is compressed to aid in setting of h e  
glue. If  the filled bag is to be sewn closed, the open top must first be shaped or 
formed flat by a bag-tap-former machiner. Excess paper is then cut off, the amount 
depending on the height of sugar in the bag, or sugar density. Before sewing, narrow 
paper tape can be used as shown to reinforce the stitch and decrease the likelihood 
of any product leaking out. The sewing operation is accomplished by heavy-duty 
sewing machines (3) that make about five stitches per inch of bag top, 

With or without bag making equipment, 5-lb packaging line peak production 
rates vary from 30 bags per minute to 70 bags per minute depending on number of 
scales, number of bag closing machines and baling rate. Several men are required to 
operate the line. IO-lb rates are about 20% lower. 

Baling. The closed sugar bags are collected in units of twelve 5-lb bags or six 
10-lb bags and are packed inside larger kraft~paper shipping sacks called bales. 
Similar to the small bag, the bale can either be fabricated and printed by a bag sup. 
plier, or made directly on the packaging line. If purchased, the bale is sealed on one 
end only and is constructed to fold flat for shipment to the sugar plant. The 
preformed hale is manually opened and the open end is inserted over a loading 
spout. The accumulated unit of bags is then pushed into the spout and bale. The 
full bale is ejected from the spout and the open end is glue scaled. 

As an alternative. the bale can be formed directly on the packaging line, using 
an overwrapping machine (9.2 I) .  This machine automatically unwinds kraft paper 
from a large roll, cuts the paper, applies glue to the paper. wraps the paper around 
the unit of bags and glue seals the paper wrapper. High quality printing is un- 
necessary on hale shippers and the bale paper is not bleached. Relatively simple. one 
color printing attachments can be furnished on the overwrapping machine. The 
sealed bales are conveyed to the warehouse for storage or shipment. 

Large Paper Bags 
Large, heavy duty paper bags are produced in sizes from 254b up to 100-lb. 

For strength, this group of bags requires three or more walls of unbleached kraft 
paper. A polyethylene moisture barrier can be sandwiched between the paper walls 
on bags holding powdered and brown sugars that tend to cake or lump. 

It is not practical to fabricate large multiwall bags directly on the packaging 
line. Two general types of bag construction can be furnished by the bag supplier. 
These are the open mouth and the valve bag (8). The most common is the open 
mouth bag that requires closing after being filled with sugar. The most popular 
closure is the sewn closure similar to that described for the 5-lb paper bag. The 
open mouth bag can also be supplied with solidified adhesive preapplied near the 
top of the bag. Closure of this bag is obtained on the packaging line using a heating 
plate instead of a sewing machine. The plate reactivates the glue and provides a 
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glued-type closure. This operation is simpler than sewing, hut the closure does not 
open as easily as the sewn closure. The valve bag is completely fahricated by the bag 
supplier and a closing operation is not necessary. A one-way check valve is incor- 
porated in the bag which allows filling on a special hag filling machine. The 
machine has a filling tube about 1.5 inches in diameter that penetrates the valve. 
When removed. the valve shuts tight. Although bag closing operations are 
eliminated, the valve bag is somewhat more expensive and filling takes longer for 
each machine because the filling t u k  has a much smaller cross sectional area than 
the totally open top or open-mouth bag. 

The typical granulated sugar bag packaging line consists of net weigh scales 
( I )  which preweighs the sugar, a filling spout, a hag-holder device, a bag shaker to 
settle the sugar and a sewing machine (3). A man is usually required to manually 
form the hag top prior to sewing, similar to that which is done automatically for the 
small 5~1b sewn hags. Unlike smaller paper bags, large paper hags are not packed in 
bales or shipping containers. Production rates can exceed ten 100-lb hags per 
minute. The 100-lb equipment is usually convertible to other smaller bag sizes in- 
cluding 25-lb. 40-lb, 45-lh, and 50-lh. 

As mentioned under cartoning, powdered and brown sugars must be gross 
weighed when filling (4). A powdered rotary feeder (22) delivers the product to the 
bag until the scale reaches balance. Upon reaching balance, the scale shuts ON the 
product feed. A 100-lh hag of powdered sugar handles like a bag of feathers. T o  
conserve hag material and ease handling, vibration is necessary to settle and 
deaerate the milled-sugar product before the hag is closed. Bags are checkweighed 
and sewn closed. One or two men are required to operate the typical line, and pro- 
duction rates nn powdered sugar are about two 100-lh hags per minute depending 
on extent of aeration, and whether product has been freshly milled or stared before 
packing. 

Plastic Bags 
There is a small, hut growing group of all-plastic sugar containers. The most 

common hag material is polyethylene. Polyethylene film is transparent, it can he 
heat sealed. it can he printed and it is a good moisture vapor harrier. The single-wall 
film package is of simpler construction and is easier to form. fill, and seal than its 
competitor-the lined I-lb carton. Poly-film bags, called pillows, include 2-lh 
powdered sugar, 2-lb brown sugar, 2.5-lh brown sugar and 5-lh granulated sugar. 
The latter package is not common, however. 

T h e  pillow-type bag can k made on a vertical farm, fill and seal machine (14) 
in several ways similar to the intermittent-motion type packet machine. See Figure 
13-21. A web of plastic film is wrapped around a filling tube. The seam and bottom 
are heat-sealed and the formed bag is cut from the continuous film web. 

In addition to pillows, polyethylene is used as a heat-scalable coating on 
sugar-packet paper, and is inserted between paper walls of large paper hags of 
powdered and brown sugar to provide a moisture harrier. Plastic films are gaining 
use as a material to overwrap unitized pallet loads of packaged goods. The film 
shrinks under heat and provides a tight, protective wrap. There are also many new 
single-wall and multiple-layer, plain or laminated plastic films on the market, in- 
cluding a woven polypropylene fabric that can k sewn closed. Plastics will continue 
10 gain in use in the sugar industry. 
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Package Weight Control' 
The net weight of any material and its container is subject to scale perfor- 

mance variations. 
Tbe common, known variables affecting automatic sugar weighing are: a) the 

grain size of the sugar. associated with MA, C V  (see pp 511.512), and percent 
moisture; b) environment, through dust, vibration. temperature. relative humidity 
and air currents; c) the sensitivity and condition of the scales; d) the setting and con- 
dition of the scales. bulk and dribble (final) feed; 3) the length of fall of the last por- 
tion of the dribble feed; r) the mechanical condition of the sequencing devices. 
linkage, moving parts, and pivots; and g) the shape. size, and location of the scale 
supply bin. In addition, there are unknown variables. 

To protect the interests of the consumer against excessive underfill. and the in- 
terests of the producer against excessive overfill, good weight control is required. 
This means knowledge, effort. time and money, and the closer the control limits, the 
higher the costs. 

Table 13-3 shows the dollar values of various overfills in ounces, pounds, and 
grams. for 10 million Ibs of sugar packed in standard grocery-sized units. 

Check Sales. The check scale is a precisian instrument, and may be the most 
valuable single tool in the package line. Most check scales are of the over-and-under 
type, and accurate check weights are needed. Weight variations must be controlled 
on the basis of sugar in the package, but the most frequent practice is to weigh the 
whole finished package. 

Tare Weights. The weight of the hag, plus the closing material, minus any 
"clipoff," is used to determine the tare weight ofthe bag. Some firms delemine the 
tare weight by averaging the weights of 15 to 20 hags, and subtracting the weights 
of twine, tape. glue, and correcting for the weight of the clip-off. Some use an empty 
hag which has been hand-sewn along the same line at which the factory packaging 
machines sew the bags, changing the tare bag with each lot of bags. Others average 
the weights of several bags from each lot, making the appropriate corrections for 
tape, twine, and top clip.off. 

Statistical Weight Control 
Various statistical weight-control procedures are used. The reliability of the 

results, however, depends more on how well the procedures are followed, than on 
the particular technique used. The details of these procedures arc readily available 
in the literature, and their coverage is not possible within the space limitations of 
this book.' 

'by S.L. Force 

ISee refs. (5, 7, I O ,  I I ,  24, 25,  26) 
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Trends i n  Packaging. 
T h e n  are two general trends in packaging. One emphasizes cos; conlrol. This 

trend includes a diversity of subjects, the discussion of which is beyond the scope of 
this text. Package and material testing, statistical analysis and control of package 
weights, equipment development, maintenance scheduling, spare parts inventory 
programming, budgeting of packaging operations, packaging personnel training 
programs, sales forecasting and production planning are tools used in the effort to 
minimize overall costs. The other trend of increasing importance is toward design of 
packages with more junction for consumers and for production, warehousing, 
distribution and disposal eficiency. Adoption of easy-opening features on packages, 
strict quality control procedures, moisture barrier materials, the Fair Packaging and 
Labeling Act and concern over disposability of packages are only a p a n  of this 
second important trend. 

The packaging picture is big and is getting bigger. I t  is easy to solve one par. 
ticular packaging problem, only to adversely affect another part of the complex pro- 
duction-warehousing-distribution-consume~-di~p~~ition chain. A systems approach 
of standing back, evaluating and attempting to solve each packaging problem in its 
entirety, with regard to both cost and function is required. To aid in achieving this 
responsible goal, an increasing number of companies in many industries, including 
sugar, have assigned broadly trained packaging personnel IO their staff, and have 
created packaging committees that are made up of or have access to personnel from 
all departments of the company as well as to consumers. retailers and other groups 
outside the company. 

! 
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Chapter XIV 

SPECIAL SUGAR PRODUCTS' 
Although crystals remain the hasic form of sugar production and consump- 

tion, many variations in the marketed products are now widely accepted. Primary 
and secondary manufacturing facilities convert granulated sugar or partially refined 
sugar into specialty products found more suitable to industry and the convenience 
package buyer. These products are delivered to the consumer in packages varying in 
size from a small cube to 190,000 Ib bulk railcars. The products may vary in form 
from sparkling crystals to dark liquids, and from sucrose syrup to fully inverted 
syrup. Blends, both liquid and dry. are now obtainable containing sucrose and corn 
industry sweeteners. 

Sugar distribution patterns as shown in Figure 14-1 (6) illustrate the trend 
from family purchases to industrial purchases and from bagged granulated sugar to 
specialty products. 

CONSUMER SIZE 
PACKAGES 0 

INDUSTRIAL 
PACKAGES A 

BULK SUGAR: 

GRANULATED 

LIQUID SUGAR 

1969 '70 '72 '71 ',. '75 '16 

Granulated Sugars 
Classification by Grain  Sire. Refined dry sugars are characterized by e i -  

cellent keeping qualities. high resistance to insect infestation, and exceptional 
stability to deterioration by microorganisms. There are no rigid industry-wide s t a m  
dards or names for the various granulations. The multiplicity of screen sizes shown 
in Table 14-1 reflects the sugar industry's experience in meeting customer needs. 
Missing from Ihe list is Bottlers Special sugar offered by most companies. It may fall 
in the coarse classification or the manufactureres classification, but it must meet the 
soft drink industries quality standards (See p. 563). 

Large C r p a l  Specials. There is a small but steady demand for white sugar 
having much larger crystals than those of fine granulated sugar. This class of sugar, 
called the large crystal specials. is generally sold at premium prices. 

Large crystal specials are rarely produced by beet-sugar companies. Cane- 
sugar refiners produce them from high-purity. bone-char filtered liquors of low col- 
or. The large crystals are grown in the vacuum pan, usually by discharging some of 
the intitial massecuite, and growing the remainder to the desired size. As the crystals 
mow, the ratio of surface to weight decreases markedly. Washing during centrifug- 

'Original by E.T. Window, amplified and rewritten by C.E. Purvis. 
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ing is so efficient, that the washed crystals are slightly purer than regular granulated 
sugar. These crystals are then passed through special drying equipment which 
avoids scratching the surfaces. The dried sugar has a very high luster, and actually 
sparkles in strong sunlight. 

Candy makers buy these sugars because of the low ash content and the 
resistance to foaming in open-kettle cooking. Some champagne makers still use 
large grain sugars, but this is believed to be more from tradition rather than necessi- 
ty (IO). Beet-sugar factories could produce large crystal specials from remelted 
granulated sugar though the cost would be high. the demand low, and the storage 
and delivery problems severe. A few companies haw produced coarse sugar which 
approaches the smallest of the large crystal specials in crystal size, but is similar to 
fine granulated sugar in other respects. 

Other Granulated Sugars. Each granulation "specialty" is used by a par- 
ticular type of food processor. The coarse granulated is used for sanding jellies in 
the confectionry plants, for sanding cookies, and for the manufacture of s p p  in the 
hot process. By this is meant the addition of sugar to hot water in a stirred melter. 
When the mixing action is severely limited a larger-grained sugar wets more rapidly, 
gets into circulation more quickly, and shortens thc time necessary for complete 
solution. 

Manufacturers granulated is the sugar used by most industrial customers 
when a specific grain size is unnecessary. It is acceptable for bulk shipments, and is 
widely used in the baking, canning, and confectionry industries. 

Fine granulated sugar is generally used in most retail packages. It is con- 
sidered to be the granulation for distribution unless a specific grain size is requested. 

Extra fine granulated may be preferred for its appearance in individual service 
packets served in restaurants. Many producers of prepackaged gelatin mixes, cake 
mixes, or pudding mixes use this type of sugar because it blends more easily with 
the other ingredients. This is particularly true if a water or alcohol solution of the 
flavoring is to be added while the mixture is being tumbled in a dry mixer. The 
demands in this industry are confused because of the preference of some for fine 
granulated, and of others for extra fine granulated. 

Bakers Special is a screened product made from the fines which are present in 
all granulated sugar. It is usually made from the small percentage passing through 
the finest screen in the sugar-screening apparatus, and is packed without the addi- 
tion of starch or other antkcaking agents. It is preferred by some dry-mix manufac- 
turers mer the extra fine granulated discussed above. Bakeries use lhis in making 
cake batter because of its more rapid solution rate in the sponge dough. It is par- 
ticularly desirable in the manufacture of high-rising cakes. 

Bakers Special may be used in chocolate products where the size of the sugar 
must be further reduced by milling with the other ingredients. Bakers Special is 
largely an industrial sugar and is sold in LOO Ib bags. Sugar ofthis typc in smaller 
packages is commonly called superfine, caster (3), or bar sugar. Uses of superfine in 
the home are in cake batters, in some icings, in mixed drinks, and for sweetening 
fresh fruit. 

The processors making a large grain Bottlers Special are trying to please the 
soft drink bottlers with a sugar which will dissolve readily in the hot process. Those 
making a Bottlers Special of fine granulated size are attempting to satisfy the soft 
drink manufacturers who dissolve the sugar in cold water. In both cases the utmost 
effort is made to eliminate mesophilic bacteria, yeasts and molds (see p. 688) from 
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the sugar in order to set at rest the mind of bottlers who attribute many of their 
failures to the presence of microorganisms in the sugar. 

Crushed Grain Sugars. Next in the classification of sugars by grain size are 
the crushed grain sugars. The largest of these has a grain size distribution very close 
to Bakers Special. and is sometimes sold under that name. When milling sugar to 
the size of Bakers Special, it is dificult to avoid a large percentage of fines in the 
"powdered" range. Since these fines can be removed only with great dificulty the 
sugar is not as closely controlled in crystal size as Bakers Special. 

Powdered sugars include the smallest grain sizes. In the past there have been a 
great many sizes of powdered sugars, usually made by crushing granulated sugar in 
a high-speed disintegrator-type mill as shown in Figures 14-2 and 14-3. Over the 
years it has been found that the finer the powdered sugar. the poorer its keeping 
qualities. Until it became general practice to add some refined starch, il was im- 
possible to sell a very fine powdered sugar except for immediate use. The addition 
of about 3% starch OT other acceptable cuiiditiuner assures the manufacturer that 
the sugar can he shipped for some distance and arrive at the CuStomer'S plant in 
usable condition. Powdered sugar is, however, at best somewhat perishable under 
adverse storage conditions. It has been found that even slight differences in ils parti- 
cle size distribution may give it different qualities in storage. The chief use of 
powdered sugar is in cake hatters and icings. It is possible by the addition of water 
to powdered sugar to make a very inexpensive cake icing. 

Fi "re IC2 Mikro ACM Pvlvcrirer for powdering mgsr (Courtesy, 
T& slick C q J  

Pow'ered sugar packages are now frequently marked with 6X or IOX. 
Presumably X.designations originally referred to the size of the screen or bolting 
silk through which the powdered sugar was first produced. Current sieve tests 
recognized by the Biscuits and Crackers Manufacturers Association as typical. are 
shown in Table 14.2. 

Powdered sugar is produced by one of two methods. The first is to pass 
granulated sugar through a mill which grinds the sugar to the desired particle size in 
a single pass. The second method is to undergrind the sugar. and bolt or screen out 
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the unchanged fraction for return to the mill proper. This results in a system con- 
sisting of a feeder. mill, screen, receiving hopper and elevator to return the oversize 
to the mill feeder. While the first method is undoubtedly more economical, the 
second yields very slightly better control of particle size. 

An extremely fine powdered sugar with a maximum grain size of 25 microns 
(7) is marketed under several names. The label usually contains variations of the 
words "fondant" and "icing." Most such products are sold at premium prices as 
specialized equipment is needed to assure elimination of larger sugar crystals. This 
is best done in high-speed pulverizers equipped with suitable screens or an air 
classifier. The coarse crystals are retained in the pulverizing chamber until reduced 
to the desired size. The sugar pulverizer shown schematically in Figure 14-2 uses an 
internal air classifier. 

Powdered sugar has in recent years been packed in multi-wall paper hags con. 
taining one impervious layer of a plastic material for the exclusion ofmoisture. It is 
standard practice to avoid the excessive pressure which results from piling many 
hags of sugar on top of each other. Powdered sugar is generally stacked no higher 
than siz hags, and is best kept in a storage place where there is uniform temperature 
and humidity. With this attention. the sugar should remain in good condition for 
more than six weeks. It is not unusual to have powdered sugar remain in storage for 
many months without the formation of lumps. 

Table 14-2 Typical Sieve Andy- for Powdered Sugars 

% Retained on Sieve 
USBS SIcp. No. 6X Powdered 1OX Powdered 

00 100 0,s 0.1 
140 I .8 1.4 
200 6.6 2.4 
270 8.2 3.0 
325 10.8 7.0 

fhm 325 72.5 86.1 
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Brown or Soft Sugar8 
This class of sugar products consists of fine sugars mixed with browncolored, 

pleasantly flavored SYNPS. The crystal size of the sugar is approximately that of 
Bakers Special. The term “soft sugar” really describes the feel of this product, 
which is heightened by the presence of the syrup, It is desirable that the syrup on the 
sugar base be stable and not supersaturated, so that on aging there will he no 
crystallization. 

There are two basic methods in the manufacture of soft sugars: the first is to 
boil from a selected SYNP a massecuite, which on separation in the centrifugal, will 
yield a desirable soft sugar without further treatment. This method, described as the 
“in and in method of boiling,” gets the full range of colors and flavors desired (5) 
and is of necessity a product of a cane-sugar refinery. 

The second is to  add to a pure, white sugar a treated syrup, usually of cane 
origin, in the prnper amount to give a flavor, texture, and color desired by the 
manufacturer. Excepting in beet-sugar factories equipped with the ion exchange 
process, this method, generally called “painting,” appears to be the logical choice 
for the bxt-sugar manufacturer. 

The special texture of soft sugars should involve a somewhat sandy mass, soft 
feeling between the fingers, rather than a gummy or grainy mass. The flavor should 
be pleasant and not too reminiscent of low-grade molasses. 

In  the past, a great many different colors of soft sugar have been produced by 
cane refmers. However, a very large percentage of the class is called “Golden 
Brown.” which is a medium lively brown color. A quality largely sought far in soft 
sugars is a retention of this liveliness or “bloom,” without a fading of the syrup dur- 
ing aging. Soft sugars are atill sold in many varieties, the ttvo principal classifica- 
tions being a light brown or “C,”  and a dark brown or “B,” which is often called 
“Old Fashioned Brown.” 

Soft sugars are sold to induswial users in 100, 50, and 25 Ib bags. For 
domestic consumption they are packaged in a variety ot’conlainers hcluding a I-lb 
carton fitted with a moisture-banicr liner. and a 24b transparent. plastic bag. Every 
eflort is made in all these packages to prevent the loss of moisture from the sugar to 
the atmosphere, and to retain the original texture, flavor, and color. These sugars 
may harden where high temperatures and low humidities are encountered in 
storage. However, on returning them to a cool, damp place, they usually recover 
their original textures. 

Brown sugars generally have polarizations from 92.0 to 86.0 and comspond- 
ing invert percentages from 2.7 to 6.5 depending on the color desired. The moisture 
level of most brown sugars is about 3.0%. 

Bakers and confectioners use soft sugar as a source of color and flavor in many 
oftheir recipes for cakes, icings, and candies. I t  is desirable from their point of view 
that the sugar be readily miscible with fats and other ingredients. 

Another use for soft sugars is in the manufacture of syrup. The flavor is the 
chief criterion of acceptability, but the clarity of the solution made from the soft 
sugar may be a deciding factor. 

There are many testing problems connected with soft sugar, for which the 
uaual laboratory quipment  is unsuited. While the moisture may be determined by 
wg in the vacuum oven, a special colorimeter which reads the aggregate ap- 
pearance ofthe sample, its shade of calor, depth of color, and reflectance, is needed. 
NO method except tasting and feeling has k n  devised which will properly evaluate 
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the flavor and texture for the trade. This leads to the necessity for experts whose 
opinion is valued on current production, and on samples which have been subjected 
to tests under varying storage conditions, 

Problems involved in the handling and storage of soft sugars made the 
development of a free-flowing brown sugar desirable. The first company to produce 
such a sugar was the American Sugar Company. Bath a granular and a powdered 
form of noncaking brown sugar were offered to customers in 1966 (2,4). 

Cubes and Tablets 
Molded Sugar. Molded sugar may be classified in two divisions. The first 

consists of cubes which are made by impregnating a granulated sugar with a sugar 
syrup or steam, molding this sugar to the desired size, and drying. Mechanical 
packers have been developed to handle cubes if close tolerances are maintained of 
both weight and size. 

The most modern method of cnhe production uses the Swedish-conceived 
Vihro process (see Figure 14-4). Moist sugar, vibrated into and out of molds, is fed 
into a dielectric oven, which transmits high frequency radio waves through the 
cubes. The friction created by the radiation heau the cubes uniformly throughout, 
allowing the moisture to escape evenly and almost instantaneously. The cubes are 
then cooled and packaged mechanically. The manufacturing and packaging time is 
reduced to ahout four minutes. Vibro cubes are lighter, and dissolve more quickly 
than the conventional cubes ( I ) .  See Figure 14-4. 

Chipped Slabs. The other type of molded goods is one in which some of the 
surfaces are not smooth and molded. In contrast, they arc the result of chipping the 
hard, dry basic form made out of the mixture of granulated sugar and sugar syrup. 
There is a demand for chipped goods in two forms. The first is lozenge-shaped. and 
is called a tablet. Usually four of the six surfaces are molded or sawed, but the re- 
maining two are the result of chipping with knives, which is the final step in the siz- 
ing of the tablet. 

Figure 14-4. (Top) Vibro cube. 
forming machine. (Bottom) A cube. 
molding element. (Courtesy, Cube- 
id  Press, California and Hawoiian 
sugar CO.) 



534 BEET-SUGAR TECHNOWGY 

The second form is a cut-loaf type of sugar, which in effect is a cube made by 
splitting two or more of the six surfaces. Since most of this type of goods is made 
from a very large grain sugar, the split surfaces present a ragged appearance, but 
have embedded in them large crystals which reflect the light and shine like little 
diamonds. In order to obtain this appearance, it is necessary to have a denser 
background for the crystals than is ohtained in the production of molded cubes. 

Miscellaneous Sugar Products 

Regrained Sugars. There is another class of sugar products which, though 
small, is occasionally referred to in the literature. These are truly specialty sugars, 
being really “regrained.” They are made by dissolving the original grain, subjecting 
the resulting syrup to some transformation, and repackaging for sale. The first of 
these, called “transformed” sugar, is made by heating a high-density, hot sugar 
solution at a high speed in a multi-paddled vessel. As the supersaturated solution 
crystallizes, these crystals grow to a size slightly larger than particles in powdered 
sugar. The heat of crystallization is sufficient to drive offmost of the accompanying 
moisture, and the product emerges in a fairly dry condition. 

A second product in this class is fondant, which may be made and sold in 
either a wet or dry form, Fondants (9) are made by cooking to a high density a solu- 
tion of sugar containing either invert syrup or corn syrup added for the purpose of 
controlling the rate of crystallization ofthe sucrose. The cooked syrup is cooled to a 
desired temperature, where it is agitated sufficiently to form very small crystals, 
many times finer than those in powdered sugar. The individual crystals in fondants 
cannot ordinarily he felt, either with the tips of the fingers, between the teeth, or 
with the tongue. Where the fondant is to he sold wet, it is ordinarily placed in sealed 
cans, and sold directly for the use of the baker or confectioner. This type of sale is 
usually made by the wholesale supplier rather than the producer. There is a process 
under which the fondant is dried; that is, the moisture content is reduced to approx- 
i-;:ely 1 . 5 5 .  This proccss hzs been osed by refiners, and gave a sugar which was 
sold in large packages to industrial users. 

A third member of this class is grained invert sy~up.  In this case. concentrated 
sucrose syrup. of 7 5 ’  Brix or higher, is transformed entirely into invert syrup. As a 
result, the dextrose formed is supersaturated. When the SYNP is cooled and seeded 
with a small amount of crystalline dextrose, a considerable portion of the dextrose 
present will crystallize out on standing, resulting in an invert “mush.” The fructose 
present will, however, remain in solution, and will not crystallize under such condi- 
tions. This type of product is sold both by refiners and by intermediate syrup pro- 
ducers. 

Agglomerated Sugar. An agglomerated sugar developed by using a Pillsbury 
Company (8) patent contains no starch. The product is free flowing and is 
distributed in consumer size packages. The industrial advantages of agglomerated. 
powdered sugar over regular powdered sugar apparently do not outweigh the 
necessary price differential in warehousing problems created by its fluffy condition. 

Flavored Sugars. These may be either granular or grain-free. Sugar and cin- 
namon is a simple mixture of an extra-fine granulated sugar and powdered cin- 
namon. Its distribution is limited to the retail trade and usually in small shaker-type 
packages. 

The grain-free sugars are marketed as “edible” syrups. Flavors are used in vir- 
tually unlimited numbers, but the most popular in table syrup is maple. Fountain 
syrups are widely used in soft drinks and fountain concoctions. The favorites are 
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cola, root beer, lemon-lime, orange, and chocolate. Edible molasses rightfully falls 
into the grain-free category. 

Colored Sugars. A small volume of sugar is produced in vivid colors for both 
food and decorative purposes. Colors added to the granular sugars are made from 
edible food dyes. 
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Chapter XV 

LIQUID SUGARS' 

Liquid sugar is simply a solution of sugar in water. The sugar can be sucrose 
or invert or a mixture of the two. The mixtures are generally characterized by 
stating the percent invert on total solids. For example, 50% invert would denote a 
solution in which 50% of the total sugar solids was invert sugar and 50% was 
sucrose. In the last I5 years liquid sweetener blends of sucrose, invert sugar. dex- 
trose, and various types of corn syrup have become common and various blends 
tailored to individual customer's specific requirements are available in many areas. 
The growth ofthe liquid-sugar industry is impressive. Starting in New York in 1925 
on what was actually an experimental scale, commercial shipments were not made 
until 1927 (5) .  By 1968 industrial deliveries of liquid sugar from cane and beets had 
increased to 43 million cwt (IO).  

Liquid  Sucrose 
Liquid sucrose is made from either beet or cane sugar. When made from beet, 

rcfmed granulated sugar is always used. In the case of cane, the liquid sucrose may 
bc obtained by m e l t i n g  rcfmed granulated sugar or k produced directly as a liq- 
uid in the rcfming process. In the m e l t i n g  of granulated sugar, one of three 
methods is generally employed. The first is hatch production, wherein correct 
weights of sugar and water to produce the required density are placed in a tank 
equipped with a stirrer and the mixture heated to about 85 'C to dissolve the sugar 
and pasteurize the solution. It is then filtered or pumped through a fine screen. cool- 
ed and pumped to storage. Activated carbon is sometimes used to obtain a complete 
decolorization. The second method is a continuous system. Many of these have been 
devised but most are based on the principle of first mixing sugar and water to a con- 
centration slightly higher than that finally desired. An in-line refractometer con- 
tinuously mea~ures this concentration and signals a control valve adding water as 
required to reduce the concentration to the desired value. The third method termed 
"Liquilizing" (6, 7) was devised primarily to be used where the required liquid 
facility is located too far from a primary source of liquid sugar to ship economically 
the liquid product. In this system, water, usually in an amount slightly less than that 
required for the final density. is placed in a tank at the terminal. This water is 
pumped through a flexible hose connected to a "converter" attached to a railroad 
car or truck containing bulk dry sugar. The sugar is fed into the converter at a con- 
stant rate and the resultant slurry pumpcd hack to the tank. The sugar-water slurry 
is circulated from the tank to the car or truck until all of the sugar is unloaded into 
the tank. Solution is completed by stirring the tank contents, and the desired con- 
centration is obtained by addition of a small amount of water. 

Liquid Invert 
The term invert sugar describes a mixture of equal parts of glucose and fruc- 

tose (or dextrose and Ievulose). Sucrose is hydrolyzed readily in acid solutions a t  
rates that increase markedly with increasing temperature and decreasing pH,  
yielding these two sugars. The hydrolysis takes place at the bond between the 
pyranose and furanose nuclei, splitting the two apart with adsorption of one 

'by Robert S. Caddie 
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molecule of water into the free nuclei. This forms one molecule of glucose and one 
of fructose as shown in the equation: 

H +  
CaH1,0,-O-C6Hn0, + H 2 0  = C ~ H n 0 6  +C6Hn05 +Heat 

sucrose water elucose fructose (1) - 
mol. wt. 342.30 mol. wt. 18.02 mal. wt. mol. wt. 

180.16 180.16 

It will he noted that the one molecule of water which enters into the combination of 
glucose and fructose increases the weight of these combined sugars to 105.26% of 
tbe sucrose from which they were produced. The percentages ofinvert sugar in total 
sweetening solids in the invert syrups offered for sale vary from 95+% "completely 
inverted" down to IO%. The one produced in greatest quantity is the 50% invert. In 
the system, sucrose-invert sugar-water. the most soluble mixture closely ap- 
proaches 38.5% sucrose-38.5% invert-23% water. For example, the density of safe 
storage: that is, the density at which none of the three sugars will crystallize at 
2O"C, rises from ahout 67% solids for IO% invert through 70% solids for 48% in- 
vert, and then falls to 72% solids for 95+% invert. From this solubility 
phenomenon, it is easy to understand why the syrup produced in greatest quantity is 
50% invert at 7 7 %  solids. 

This results in lower shipping costs per unit weight of sugar because freight 
must be paid on the water, more sugar can he stored per unit of tank storage space, 
and the osmotic pressure of the syrup is so high that very few microorganisms can 
grow. 

Inverting tanks must be of acid-proof consuuction, either glass lined or of 
stainless steel. Piping and fittings should be of galvanized iron, stainless steel. or 
a:iimiiiuni a l l y .  Cupper and its ailoys should be avoided. Plastic-coated mild steei, 
stainless steel and aluminum alloy are preferred for invert storage tanks. 

There are two basic methods used to invert sucrose for industrial use. The 
first, which finds application to a limited extent, is by means of a strongly acid ca- 
tion exchange resin. This process operates most eficiently on a diluted syrup. and 
where this process is used the final Brix is generally obtained by vacuum evapora- 
tion after inversion. Because refined granulated sugar is always used in the beet 
sugar industry, such dilution with subsequent evaporation is costly. In the normal 
process of refining cane sugar, high purity syrups more dilute than the average den- 
sity range of the common invert mixtures are available. Therefore, the acid cation 
exchange resin inversion is more common in the cane industry. 

The second method and the one much more generally employed is the hot acid 
method. In the beet-sugar indusuy, the hatch system is most common and reagent 
grade hydrochloric acid is universally used. However. the variation between pm- 
ducers in the thm variables which control inversion: acid concentration. time, and 
temperature, covers a wide range. For example. 50% invert is commercially produc- 
ed at 36 ' to 46  'C in 23 hours. Another manufacturer produces it in 14 minutes at 
70'C, while a third uses 85°C for 25 to 30 minutes. Sodium hydroxide. sodium 
carbonate, and calcium hydroxide are used to neutralize the acid and stop inversion. 
Of these t h m ,  sodium hydroxide is most universally used. Sodium carbonate gives 
a aomewhat aerated syrup due to the evolution of the carbon dioxide and may cause 
foaming difficulties in the customer's process. 
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There are three batch methods of producing partially inverted syrups. The 
first is to add part of the sugar to all of the water, beat. acidify, completely invert, 
neutralize with or without cooling, and then to add the remainder of the sugar and 
adjust the final density. The second is to produce and store completely inverted 
SYNP which can then be diluted with sucrose and water to obtain the desired 
percentage of inversion at the desired density. A third is to add all the sugar to the 
water, heat, acidify, time the reaction. and neutralize at the proper moment. The 
last method is generally used for invert SYNPS above 40%. 

Besides acid concentration, temperature, and time, inversion rates of these 
heavy s y ~ p s  are influenced by the concentration and composition of the ash in the 
sugar, and the concentration and composition of the solids in the water. The water 
used for the production of both liquid sucrose and inverted syrups must be of the 
highest potable quality. It may have to be softened. and soda-lime and zeolite or 
other ion exchange processes are used. If the water is drawn from a city system, it 
should be filtered through activated carbon to remove any residual chlorine. If the 
solids in the water are variable and sugar for inversion is received from several 
sources, it is sometimes helpful to the beginner to design an inverting system with 
built-in safeguards similar to the following, in which 4000 gallons of 45 to 55% in- 
vcn, 77 ' Brix, pH 4.5 to 5.5, and of low color is required. 

In the inverting tank 35 000 Ibs of sugar is dissolved in 1 I 450 Ibs of water. 
This gives an initial dry solids content of 75.35%. It is heated with stirring to exact- 
ly 70 'C. Sulficient hydrochloric acid is added to bring the melter contents to about 
pH 4.5. This evens out variables due to water solids composition. Then. 3250 ml of 
concentrated hydrochloric acid (inverting acid) is added and a timer is started. At 
the end ofexactly 30 minutes, a sample of about 60 ml is drawn in a k a k e r  contain- 
ing two drops ofsaturated solution of sodium hydroxide. It is cooled and five grams 
are weighed out. This is diluted to 500 ml and mixed. It is transferred to a burette 
and a Lane-Eynon (2) titration using 10 ml of mixed Fehlings solution is made, The 
burette reading at the end point is referred to Table 15-1 to obtain the estimated 
stop time. Table 15-1 has k e n  developed from a number of curves, relating inver- 
sion rate to time. and correlates the Lane-Eynon titration volume at 30  minutes with 
the probable moment at which the invert content will pass the 50% of solids point. 

At the expiration of the estimated stop time, measured from the time of addi- 
tion of inverting acid, sulficient NaOH solution is added to bring the pH from 4.5 

Table 15.1 Estimated Stop Tima as Dctermlncd by 30 Mmvfc Lane-Eynon Titration 
lor 507- invert 

B"*ClW Stop Time 
Reading Mi". 

Burette 
Reading 

Stop Time 
Mi". 

20.0 44 26.0 61 

OI n 47 27.0 64 
20.5 45 26.5 62  

21.5 
22.0 
22.5 
23.0 
23.5 
24.0 
24.5 
25.0 
25.5 

49 48 

52 50 

53 
55 
56 
58 
59 

27.5 
28.0 
28.5 
29.0 
29.5 
30.0 
30.5 
31.0 
31.5 

63 
66  
67 
69 
70 
71 
7s 
74 
75 
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to 5.5. Eleven to 12 liters of a solution made up by dissolving 5 Ibs NaOH in 4 
gallons of water should do  this. In the neutralization, it is important LO avoid 
overstepping the pH end point. Color production due to decomposition of CNC~OE 
is very rapid with increasing pH above 6.0, and with increasing temperatures. Final- 
ly the density is adjusted to the required value, the syrup is filtered or pumped 
through a fine screen. cooled and pumped to storage. Here again, activated carbon 
or a decolorizing exchange resin may be used to completely decolorize the syrup. 
Both of these materials may change the pH of the SYNP and it may be necessary to 
re-adjust the pH of the final product to obtain the desired value. 

Partially inverted syrup production has been automated (1). Automation is 
based an the fact that the hydrolysis of sucrose is an exothermic reaction. The 
greater the degree of inversion, the greater the total heat created. By using an analog 
computer to continuously monitor reaction temperature, compensate for heat lost to 
surroundings and sum up total heat generated, the degree of inversion can bc 
calculated. T o  sense accurately the small temperature changes, themiston are used 
because of their rapid response and great precision. Pushing the start button adds 
the hydrochloric acid. The computer's summing unit automatically adds the 
temperature increase from the reaction and the heat lost to the atmosphere in order 
to obtain the total heat generated. The output from the summing unit goes to a 
monitor which adds the neutralizer solution to stop the reaction when the desired 
degree of inversion is reached. 

Typical specificatiuns for liquid sucrose and 50% invert SYNP are shown in 
Table 15-2. 

Table 15-2 Typical Spcdficarions for Liquid Sugars 

S"<rOX 50% lnrrrl 

Dry Solids, % 66.5 -C 0.2 77.0 + 0.2 
Invert. % on 1)ry Solids 0.02 45-55 
Sucrose, % an Dry Solidi 99.9 55-45 
speciiic Gravlry (Z""/Bi) '  5) i.326 1.3'103 
weight per gallon, 20'C. Ibs 11.05 11.57 
Pounds solids per gaiian, 2O'C 7.35 8.91 
 gallon^ per 100 Ibs Solids. 2O'C 15.51 11.22 
PH 6.8-7.6 4.5-5.5 
Ash. % 0.02 0.06 
Color. RBU (4)  35 M a x .  35 Max. 

In most cases in the production and use of liquid sugar, a refractometer 
calibrated for sucrose is used to determine the solids content. The refractive indices 
of invert sugar solutions arc lower than those of sucrose of the Same concentration. 
Therefore, the percentage of dry solids indicated by a refractometer calibrated for 
sucrose must he increased. The error is not linear and Table 15-3 gives these came. 
tions for observed refractometer solids concentrations from 10 to 80%. The data in 
Table 15-3 have bcen calculated from NBS tables ofrefractive indices o f p u n  invert 
solutions (9) and pure sucrose solutions (3). 

Referring to Table 15-3, column B is to be used where the percent invert in 
solulion is known. Fmm the observed refractometer solids, column A,  note the COT- 

responding factor in column B. Multiply the percent invert in solution by this factor 
and add to the observed refractometer solids. Column C is used where it is 
necessary to determine the solids content of invertmcrose mixtures of known "in- 
vert percent on dry solids." To use this column. multiply the comction factor in 
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Table 1 5 6  Table for Correcting S u r r o ~  Refractometer Obserrrd Reading for 
Rncnce of I n w i t  

A B C 
Observed Refractometer FatIor Where % Invert Correction Factors 

Solids in Solution is Known for Total Invert 

10 0.009 0.10 
15 0.009 0.14 
20 0.009 0.19 
25 0.010 0.26 
30 0.011 0.34 
35 0.012 0.44 
40 0.014 0.55 
45 0.015 0.68 

55 0.017 0.98 
60 0.019 1.15 
65 0.020 1.52 

50 0.016 0.82 

70 0.021 1.49 
75 0.022 1.66 
no 0.022 1.84 

column C corresponding to the observed refractometer reading. column A, by in- 
vcrf percmf on dry solids and add to the observed reading. 

Blenda 
The science of food fabrication has led to the development of syrup mixtures 

which meet specific functional requirements for different food processors. Such mix- 
tures. which contain carbohydrates other than sucrose and invert. are classed as 
blends. They are made up to specification and generally on order. Important func- 
tional properties of all syrups including blends are sweetness, viscosity, prevention 
of sugar crystals, prevention of ice crystals, osmotic pressure, bodying, hygroscopici~ 
ty, humectancy, and freezing-point depression. Blends are made by weighing or 
level-gauging in hatching tanks equipped with stirrers, or the process may be made 
continuous. A recent in-line, automatic blending system (8) comprises a liquid-type 
blender connected to two positive displacement meters and a digital control station. 
The light Brix syrup input is metered and instrument controlled. The heavy Brix 
syrup, because of its high viscosity, is difficult to meter accurately so its flow-rate is 
set manually and its volume is the difference between total flow and the light Brix 
syrup flow, which are metered. The digital control station relates demand (set point) 
to the output of both meters and signals the light SYNP flow controller to maintain 
the comct  proportion of both syrups. 

Diatribution of Liquid Sugar 
Liquid sugar move8 from the producer to the customer in tank trucks and rail 

cars. Tank trucks carry loads u p  to 4500 gallons, and they may be divided into cam- 
partments with s<!  arate loading and unloading arrangements (Figure 15-1). The 
tanks should be ofstainless steel, aluminum alloy, or steel coated with plastic lining. 
Most of these are mounted on a semi-mailer chassis which also carries a positive 
displacement unloading pump driven by a gasoline engine. If the tanks are ballled, 
there should be a screw cap or hatch opening in the top center of each bame com- 
partment. This is to allow for insenion o f a  high-pressure rotating spray assembly to 
clean and sterilize each compartment. This washing and sterilization of the truck 
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tank, pump, pipe lines, and connecting hose should he done once a day if the truck 
is in continuous use on the same syrup; otherwise each time the truck is loaded. At 
the customer's plant, the truck driver removes the sanitary cap from the customer's 
fill line, sprays the connection with a disinfectant and connects his suction hose to 
his outlet line and to the customer's intake line. After checking all valves to see that 
they are in proper position, the pump is started and the syrup is pumped into the 
customer's tank. 

Figure 15-1. Liquid augir tank truck. 

The capacity of tank cars ranges from 8000 gallons up. N o m i  , Sugar 
producer provides this vehicle either by purchase, by lease from a car rental compa- 
ny, or by loan without charge from a railroad company. It has been found that l i q  
i d  sucrose can be shipped in plain steel tank cars without appreciable damage to 
the quality, although this is not to be preferred. For shipment of invert syrups, a 
specially lined tank car is required. The lining is usually of the sprayed-on plastic 
type, which has been found acceptable for shipment of wines and such liquids. 

Customer Liquid Sugar Handl ing Systems 

suitable receiving. storing and dispensing equipment. Such systems are nearly 
always custom designed to meet individual plant requirements, and usually incor- 
porate standardized, proven components, and, where practical, existing equipment. 
Their versatility makes them well suited for most usen, since they can he designed 
very simply to respond automatically to process demands. Figure 15-2 is a line 
drawing of a typical customer liquid-sugar system. 

Liquid sugar handling systems consist of storage tanks, storage tank ac- 
cessories, pumps, piping with its valves and fittings, and measuring equipment. 

Ideally, each installation should have at least two tanks. Each should have a 
capacity somewhat greater than the size of an individual delivery. Distance from the 
producer to the user and the inventory the user wishes to carry for meeting process 
requirements will influence the size and number of tanks. Single-tank installations 
are common, hut the two-tank system is far superior. With a two-tank installation. 
sugar can be drawn from one tank until it is completely empty, at which time the 
other tank is switched into use. The result of this alternate emptying of SlOragC 
tanks is the assurance that the microorganism count will not significantly build up 
in the storage tanks, and these tanks can go for very long periods without cleaning 
and sterilizing. With a single tank, the user must stop his process in order to drain 

Before a food processor can use liquid sugar, he must equip himself with I 
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ad 

Figure 15.X. Tipica1 customer liquid sugar iptrm. 

the storage tank. This is costly, so what actually happens is that fresh deliveries are 
pumped into the tank containing residual syrup. and any microorganisms in this 
residual inoculate the new batch. Inevitably, the microorganism count continuously 
builds up until a danger point is reached and the tank has to be drained, washed and 

,sterilized. Two tanks will also permit delivery at the customer's convenience 
without making delivery schedules too exacting and without interrupting normal 
operation at the user's plant. Where possible. storage tanks should bc cylindrical, 
mounted vertically on legs and have a cone or dished bottom. In any event, they 
should be so mounted that they can be completely drained, preferably to the suction 
of the pump. Tanks can be fabricated of plastic-coated mild steel, stainless steel. 
aluminum alloy or laminated, food-grade plastic. Each tank should be equipped 
with some type of quantity gauge. The simplest and usually most trouble-free is a 
gauge tube of clear unbreakable plastic, 0.75 to I in. in diameter. connected to the 
tank only at the bottom and extending the full height of the tank. The top of the 
tube should be open and capped with a filter vent to reduce the danger of water 
vapor condensing inside the tube, which can occur when the tube is connected into 
the top of the tank. This would dilute the surface of the liquid, forming an ideal 
medium for growth of microorganisms. 

The top of each tank should be fitted on the outside periphery with a small 
blower with filter and, on the opposite side, a screened vent. This is to prevent 
moisture condensation in the head space. As a general rule, ultraviolet lamps are 
mounted under covered slots in the top of the tank. One ultraviolet lamp is suffi- 
cient for about 50 sq ft of liquid surface. 

Pumps are usually positive displacement. rotary types and operate at fairly 
low speeds. Capacities normally range from 15 to 50 gpm, requiring motors o f 3  to 
5 hp. The systems are designed to supply the liquid product to all processing 
outleu. 
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Pipes. valves and fittings may be of galvanized iron, stainless steel, alumnium 
alloy or plastic. Experience has shown that pipc lines should be pitched so that they 
am always full of liquid sugar. If they are not so designed, water vapor can condense 
and farm a thin layer of low-density syrup on the surface of the liquid with conse 
quent danger of spoilage by microorganisms, It is, however, necessary to make pro- 
vision for complete drainage of these lines far cleaning and sterilizing. 

DiNercnt methods are used to measure or dispense liquid sugar into diNerent 
processes. One of the best is automatically, by using a meter. Commercial meters. 
properly calibrated, will maintain a constant accuracy well under 1% and they can 
be set to deliver a given quantity, to start up when a huttan is pushed, and to shut 
ON when the predetermined amount has been delivered. 

A properly designed liquid sugar system requires very little maintenance, and 
each liquid sugar user should schedule maintenance according to his need. It is 
generally recommended that the entire system, including storage tanks, gauge 
glasses, pumps, pipe lines, and rnrters be drained, thoroughly washed with warm 
water and sterilized about wery six months. At this time all equipment can be 
checked. For example, tank linings can be inspected, ultraviolet lamps can be clcan- 
ed and checked for radiation effkicncy. and filters and strainers can be changed or 
cleaned. 

REFERENCES 

( I )  Anon, Food Proc., p 22 (October 1968) 
(2) AOAC, "Official Methods of Analysis," 9th Ed., p 426 (1960) 
(3) Bates, F.J., and Associates, "Polarimetry, Saccharimetry and the Sugars," 

U.S. Bur. of Stand., Circular C440, Table 122 (1942) 
(4) National Soft Drink Association, "Quality Specifications and Test Proce- 

d u m  for BottleFj' Granulated and Liquid Sugar,'' Washington, D.C. 

( 5 )  Hoynak, P.X., and G.N. Bollenback, "This is Liquid Sugar," 2nd Ed., 
Refmed Sugars and Syrups, Yonkers, N.Y. (1966) 

(6) Lott, Peter H., Assignor to Utah-Idaho Sugar Company, Salt Lake City, Utah, 
US.  Pat. 2 975 038 (March 14, 1961) 

(7) Rawlings, Frank N., J.H. Grantham, and C.C. Miller, Assignors to The 
Amalgamated Sugar Company. Ogden, Utah, U.S. Pat. 2 809 903 
(October 15, 1957) 

(1975) 

(8) Syverson, G., e l  01,. Food Eng. (December 1968) 
(9) US.  Bur. of Stand. Monograph No. 64, "Refractive Index of Pure Invert 

Solution" (1963) 
( I O )  U.S. Dept. of Agric. "Sugar Reports" (April 1968) 



I 

Chapter XVI 

SUGAR QUALITY' 
As the beet-sugar industry has improved the efficiency of its manufacturing 

processes and the diversity of its products over the decades ofthis century, the quali- 
ty of its products has followed a definite upward curve. The two-boiling pro- 
cess-one product and one remelt boiling-which was formerly used in the beet- 
sugar industry and which raised the molasses purity and lowered the sugar quality, 
was abandoned for the &-boiling system about 1930. 

Sugar as manufactured from the sugarbeet or sugar cane is the cheapest pure 
organic chemical manufactured, its purity being about 99.96%, of which about half 
of the nonsucrose or 0.02% is water, and the other 0.02% is nonsucrose solids. For 
the last 40 years beet and cane sugars have been virtually identical in quality. usable 
interchangeably by the housewife for every purpose. For the industrial consumer, 
however, very small quality differences which particularly affect individual uses, ac- 
quire abnormal importance. This is magnified in the highly competitive markets 
and relatively insignificant quality differences may take on inflated importance. 

Relative to any other pure food substance manufactured today, the quality 
defects in modern sugars are conspicuously absent. Thus, this chapter is a 
"microscopic study," in which 0.04% of the product sugar is enlarged by 2500 
diameters to occupy the whole field of interest. 

Physical Quality Factors in Granulated Sugar 
Crystal Shapes. The monoclinic sucrose crystals which make up granulated 

sugar are normally of a shape of the type shown in Figure 16-1, Granulated sugar 
composed of such crystals, and varying with the degree of agglomeration and size 

~i~~ 161. N-.I "rt.~ or pnno~tad 

'by R.A. McGinnis 
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distribution, as well as the degree ofcompaction, has bulk densities varying from 54 
to 60 Ibs per cu ft. In the presence of certain nonsucrme constituents, such as raf- 
fmose ( 5 )  the crystal habit may become distorted along one axis (seep. 41 7), or with 
dextran (68.69) along another axis, to form elongated, needle crystals as shown in 
Figure 16-2 (69). The bulk density of such crystals may be reduced to as low as 48 
Ibs per cu ft, and 100 Ibs of  sugar may no longer fit an ordinary 100 Ib bag. 

F i y m  IbZ Sue- cqstaln grown in tk p-ce of 0.5% dextran (M.W. Pmo) D.N. S v t h r h d  ad 
N. Poton (70) 

Agglomeration. Closeiy associated with grain shape is the degree of ag- 
glomeration of the crystals. Agglomeration, or ballgrain, usually results from errors 
made in pan boiling. 

The highest bulk density is reached by a grain.size distribution in which the 
voids between the larger crystals are filled by smaller crystals. If there are many ag- 
glomeratcs, there may not be enough small crystals to fill the voids, and the bulk 
density is decreased. The effects of lower, varying bulk densities are problems for 
the packager. The effects of occlusions of mother liquor within agglomerates are, 
however. of concern to the producer and the user. These maces of mother liquor left 
within the sugar, when not completely removed by the scalping screens, leave small 
bmwn spccks. In addition to being unsightly, they increase solution color, ash con- 
tent, and residual organic nonsucrose substances. 

The water contained in the occlusions tends to make the sugar unstable u. 
storage. Most degradation reactions, including growth ofmicroorganisms, color for- 
mation, and inversion, have in common the requirement for water. In bulk storage 
the excess water will migrate, through countless evaporations and condensations, 
toward the cooler sections of the containing bin, and reach relatively high conccn- 
trations in t h e e  areas, with resulting inversion, and color and odor development 
pady  from microbiological action. It is normal to fmd that on the side o f a  bulk bin 
not reached by the sun, or facing cold winds, there is an inside crust several inches 
thick of wet, brown, malodorous sugar. As sugar is rmovcd from the bin, the crusts 
may fall off and break up, loading the mass of sugar with mom brown specks, which 
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may be mistaken for balls of unwashed massecuite, and which degrade the sugar 
quality in color. turbidity. excessive moisture, and odor. 

Under mechanical torque, agglomerates break up  far mom easily than single 
crystals will fracture. Thus. after undergoing the mechanical strtsscs of screw- 
conveying and screening, plus further drying, the mass of sugar may contain many 
more fme crystals and much more dust than wben it was first sampled as emerging 
from the granulator. In such cases, the sugar will have more fmes in it when sold 
than wben it was made. This leads to failurt to mcct customer specifications, and to 
unpleasant relations between production and sales departments. 

Degree of agglomeration is sometimes roughly measured by pouring a defii tc 
weight of the granulated sugar into a graduated cylinder, and noting the apparent 
volume. It may be much better observed, however, using a lowpower microscope. 

In a pioneering paper, Farag el al  reported test methods far the measurement 
of dust in granulated sugar, and physical methods far determining compressive and 
impact strengths of sugar crystals (22a). 

Size and Distribution. Forty years ago beet-sugar manufacturers normally 
made only one grain size ofgranulated sugar. The many grain sires now required to 
fill special needs are described in Chapter XIV. Grain size is universally specified in 
terms of the results of sieve tests. 

The MA-CV terminology is widely used. This is based on the original work of 
Powers (tiO), and as described by Schneider (ti4e), “is a concise method of reporting 
the result ofa sieve test on a crystalline sugar, which presents a mental picture ofthc 
grist and eliminates the need to specify the sieves employed. It is based on the 
assumption that most samples of sugar have a normal sine-distribution [which is 
found in practice to be true] so that a plot ofthe cumulative percentages retained by 
a series of sieves, after shaking, against sieve aperture on ‘arithmetic probability’ 
paper will give a straight h e .  The sieve aperture corresponding to the intercept of 
thb line with the 50% line on the graph is defmed as the mean aperture (MA) and a 
sieve of mesh size equal to the MA will retain 50% of the  sample. Please see Figure 
16-3. [The MA is reported in thousandths ofan  inch, or in microns.] The coefficient 
of variation, CV. a unitless number. is defined as the standard deviation expressed 
as a percentage of the mean aperture. In the case of a sample having normal 
distribution, the difference between the apertures comsponding to the 16% and the 
84% line is equal to twice the standard deviation. Consequently: 

I 

(aperture correspondina to Iti%) - ~. - 
(aperture correspoiiding 10 81%) 

x 100 (1) cv = (mean aperture) x 2 
[or in ;an easier form to use, 

(apertiire corresponding to 16%) - AIA 
MA x 1001 (2) cv = 

l h c  method is witable for all p n u l a t c d  sugars having normal or ncar.normal size 
distribution. It io not suitable for sugars having abnormal distribution. or for fmcly 
powdered sugars.” I t  is also not suitable for sugars made by blending together 
sugars of d i k m t  r i m  distribution or for sharply fractionated screened sugar. lm. 
provcmcntr ruggestcd by Haldcn(27) wcre adopted by the ICUMSA (International 
Commission for Uniform Methods of Sugar Analysis) (33). which permit the 
graphical dctcrmination of both M A  and CV. 
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Johnson (41) described the use of only two sieves for this analysis, with the use 
of specially prepared tables. Eis (22) funher devised improvements which have heen 
incorporated in the official ICUMSA analysis (64a). 

Reflectance. Today, all modern crystalline sugars are sufficiently white so 
that there would be little advantage for any present use of solid sugar to improve it. 
Nevertheless, the total reflection of light from the surface of a granulated sugar is 
sometimes a consideration, far mort in foreign countries than in the United States. 
Subject 22A committee of ICUMSA has been set up to formulate methods for 
reflectance measurement. In addition to the color of the crystal surfaces themselves, 
reflecranrr: i s  strongly dependent the crystal sizes and their distribu!ion, the 
amount of moisture in the thin film on the crystal surfaces. or gloss, the degree of 
packing of the mass of crystals, and physical factors such as the depth of the sample 
measured. The finer the average grain size, the greater the reflectance, so confec. 
tioner's or powdered sugars have the highest reflectance values. and the large- 
grained specials such as confectioner's A, have the lowest reflectance values, almost 
regardless of other factors. There are no generally accepted methods of measuring 
the reflectance of granulated sugars. General-purpose reflectance-measuring equip 
ment is not well adapted for sugar. 

Gillctt and Meads (26) described the use of a reflection meter. There have 
been a number of attempts to evaluate the reflectance using tristimulus coordinates 
(54) as specified by the International Lighting Commission (59,74). A method in- 
volving the use of two measurements within narrow spectral hands in the visible 
region was proposed by Oikawa (53) and elahrated with the use of an integrating 
sphere by Janofsky (38). Strube (67) reported a difkrential reflectance photometer 
using a pair of Ulbrich spheres and matched photocells. 

G I w .  Gloss refers to the subjective visual attractiveness of the granulated 
sugar. A sugar with good gloss has a sparkling appearance, which comes from 
unscratched crystal surfaces. and sufficient moisture in the surface film to make it 
shiny. A sugar without a good gloss has a chalky-white appearance. Glass may 
develop in dry, dull-appearing sugars, if placed in an environment of high relative 
humidity. and suhsqucntly in one of low relative humidity. In such cases the dust 
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particles on the surfaces dissolve and dry to a clear glass. The scratching of crystal 
faces is, of course. the consequence of abrasion by metal screens and scrolls. 
Sometimes the special large-grained sugars are screened through bolting silk to 
avoid abrasion. Gloss is only of importance where the attractiveness of the in- 
dividual sugar grains is a factor, as where the crystals cover the surface ofthe food. 

No test methods far gloss are known, other than subjective, individual per- 
sonal evaluation. 

Compositional Factors 
Water Content. The moisture content of granulated sugar is important both 

as it alfects its ability to flow freely and because of its adverse effect on the stability 
of sugar in storage. A considerable portion ofthe uace nonsucroses in the crystals is 
on the surfaces, in a very thin sucrose-saturated film. This film contains small 
amounts of invert sugar, and inorganic and organic nonsucroscs in solution, or as 
parts of a heterogeneous phase. The invert sugar, and possibly other nonsucroses 
are hygroscopic and prevent the film from drying. There is an equilibrium estab- 
lished between this film and the atmosphere surrounding the crystals. As the relative 
humidity of the atmosphere increases, the percentage of moisture in the sugar in- 
creases, and vice versa (45). If the surface film is dried, crystallization takes place, 
cementing together crystals which are in contact. Thus if sugar is not sufficiently 
dried when made, drying will continue while the sugar is in packages or bulk 
storage until equilibrium with the atmosphere is reached, resulting in lumping and 
caking. Thus the sugar should be dried to the point where it is either below, or 
about at the equilibrium moisture content at the ambient relative humidity. Con. 
versely. if a caked sugar is humidified by raising the relative humidity of the at- 
mosphere around the crystals, the cementing surface crysta~s will dissolve, and the 
sugar will again become fm-flowing. 

Figure 16-4, reprinted from the first edition, from the work of T.J. Nelson 
(50a) shows a sigmoid.shapcd curve determined by the exposure of small samples of 
cane granulated sugar at various known relative humidities, which has been found 
valid in practical use also for granulated sugars of beet origin. "(The curve) shows 
practically no moisture at low humidities, and that them is a rapid change in the 
range between 60 and 80% relative humidity. The uace of nonsucrose in the 
granulated sugars is a component that tends to absorb moisture gradually. and the 
sucmsc t h ~ ~ t i c a l l y  would show an abrupt change. Thus the moisture content of 
the composite commercial product is, in a sense, an average of that of the two con- 
stituents. It may be noted that differences in the nature of these nonsucmsc k- 
purities and in the amounts present will influence the humidity equilibrium values 
over the whole range, and in particular will affect the slope of the curve or abrupt- 
ness of the moistux increases in the critical storage range between 60 and 80% 
humidity." 

The Codex Alimentarius (the United Nations affiliate which has the task of 
setting up international food standards) places an upper limit of 0.1% on "loss on 
drying." 

Conditioning. There is a more obscurc factor connected with the water con- 
tent of the sugar crystals. Under normal production conditions a sugar which is put 
into bagged or bulk storage after being dried to equilibrium moisture content, may 
evolve further moisture during the next few days. This moisture may originate in oc- 
clusions within individual crystals @ I ) ,  or be sealed within agglomerates, or even be 
connected with an unstable. amorphous hydrate of wcmse which can form under 
too rapid drying conditions. and which rapidly crystallizes in the presence of water 
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vapor (44). This moisture. of course. temporarily dissolves more sugar in the surface 
film, but after a further period, since there has been no essential change in the 
amount of the hygroscopic substances present. the additional water will evaporate, 
cementing the crystals together. If the sugar is sold before this moisture evolution 
has been accomplished, it may harden in the bag or in hulk transit. 

A sugar that is propcrly conditioned, will not harden in storage or transit 
unless it is subjected to drastic drying conditions. or to strong dampening conditions 
fG!!c.ve? hy dqing. 

Among the many methods of determining moisture in sugar, one general type 
determines the surface moisture, as by drying with heat, and another permits the 
determination of additional amounts of moisture present in the crystals or in occlu- 
sions. Of the first type are methods of drying in an oven at atmospheric pressure 
(64c). and under vacuum (80). as listed by the ICUMSA. The use of infrared drying 
is satisfactory for approximate purposes. providing browning of the Sugar is avoided 
(4,5 I). Rapid drying of 6-8 g of sugar may he achieved by passing warm air through 
a sintered disc (48). The methods of the second type use the Karl Fischer titration 
(7.49.52,63,66), and the vacuum distillation methods (81). 

Also of this type is the rapid determination by the use of the "angle of repose" 
apparatus of the Danish Sugar Company (16). which, within the limits of spccific 
grain-sizes, is said to give a determination in three minutes. with less than 20% er- 

There are no reliable methods for the devrmination of the degree of condi- 
tioning of sugar. Some feel that the storage of a small sample of sugar in an airtight 
glass container, and the observation of its free-flowing condition at the end of the 
period gives a rough measure. It is possible that a measure of conditioning may be 
some function of the two factors, surface moisture and internally occluded moisture. 

Ash. The content of inorganic material in a sugar is qualitatively defined as 
the ash. Spif ical ly  it is measured by the complete oxidation of the organic constit- 
ucnls of the sugar by heat. and the conversion of the residual inorganic substances 

TOT. 
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to sulfates by repeated evaporations to dryness with concentrated sulfuric acid. 
The main inorganic cations in granulated beet sugar are potassium. sodium, 

calcium, and magnesium, decreasing in that order. The chief anions are phosphates, 
sulfates and chlorides. The phosphates and chlorides are lost in the sulfating pro- 
cedure. 

The intrinsic importance of ash as a quality factor is that probably, together 
with the solution color, its amount is regarded as evidence of the degree of purifica- 
tion. Ash limits are specified in the more important sugar standards. The NSDA 
(National Soft Drink Association) sets a top limit of 0.015%, and the Codex 
Alimentarius a limit of 0.04%. 

There appears to he a relation between the sfrcngfh,  or resistance to inversion 
of sugar and the ash; and this resistance. both in the solid and solution states, may 
be a direct function. 

While the reference method is the sulfated ash determination (79), because of 
the dilficulty of the procedure, ash is almost universally measured through deter- 
mination of the conductivity of a 28% aqueous solution of the sugar. The conduc- 
tivity in micromhoslcm is converted to sulfated ash equivalent by multiplying by the 
"C-ratio factor." The C ratio is the factor by which the spccific conductance in 
micromhos of the test solution, comcted for the specific conductance of the water, 
is multiplied, to convert the value to percent ash. Unfortunately the C-ratio is not a 
constant, hut varies with the nature of the ash constituents. Values of this factor 
which have been established and used in practice with beet sugars, are, 0.000432 
(Michigan); 0.000714 (Holly), 0.000555 (Tirlemont), and 0.000555 (American 
Crystal) ( I  9). It can be redetermined for any  specific use. 

I 

Heavy Metals. Limits for extremely small quantities of iron, copper, lead, and 
arsenic are listed in various standards. Iron, as ferric ion, is seldom found in 
measurable quantities in granulated sugar, excepting in the form of fine sediment. 
where it may be flakes of mill-scale, or other iron oxides from the surfaces of mild 
steel equipment. These specks are easily removed by passing the granulated sugar 
over magnetic grids or rollers. Absence of any  traces of hard particles is essential for 
such uses as chcwing gum sweetening, and almost complete absence of iron is 
necessary when the sugar is used in sweetening certain cordials, because of the effect 
on color. Ferric salts in concentration as high as I ppm may be found in inverted 
syrups of either beet- or cane-sugar origin. where they come from corrosion of steel 
pipes and fittings, or from solution of sediment particles. 

Amounts of cupric ion, well under 1 ppm, may occasionally he found, 
resulting from erosion or corrosion of brass or copper pipe fittings. Traces of ferric 
or cupric ions have been said to cause color changes in certain artificial food color- 
ing substances. Copper is also said to catalyze the oxidation of certain fats, and its 
presence in sugar can cause problems in food mixes (IO).  

Specifications for limits of lead and arsenic are set in common with all 
foodstuffs. and the writer is not aware that even traces of these metals have ever 
been found in granulated sugars. 

ICUMSA or AOAC (Association of Official Agricultural Chemists) methods 
of analysis are standard for these trace metals. For copper and arsenic, most used 
are the colorimetric determinations with dicthyldithiocarhaminate (3,64f); and for 
lead, the colorimetric determinations with dithizone (64d). Atomic absorption 
methods have been shown to be very rapid and quite accurate for these determina 
tions (13). 
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Sulfur Dioxide. Because the organic portion of the nonsucrose materials in 
beet sugars contains some nitrogenous materials, it is the usual practice to add very 
small amounts of sulfur dioxide to sugar factory thin juices immediately before con- 
cenmtion in the evaporators, to inhibit catalytically the browning reaction between 
traces of invert sugar and amino acids, which form colond compounds (see p. 269). 

As a result, traces of sulfur dioxide may be found in granulated sugars. In  the 
United States the amounts found in sugar of commerce do not affect any customer 
use. Excessive amounts, however, can cause pin-hole perforations in cans containing 
sweetened foods, and other dificulties. Existing limits for sulfur dioxide are: Codex 

The official ICUMSA method of analysis for sulfur dioxide traces is the col- 
orimetric method using rosaniline ( I  4). For routine analyses, the iodimetric titration 
is widely used in the United States industry. 

Floc. Aside from coloring materials, the chief organic substances which are 
important in sugar quality are those responsible for foaming andjloc. Floc is of two 
kinds: that appearing in acidified solutions. and that appearing in alcoholic solu- 
tions. Acid flocs appear in sugar solutions made from both cane and beet sugars. 
Alcoholic floc is normally characteristic only of cane sugars. 

Highly surfaceactive, di(f~cultly-soluhle ~olutes  owe part of their solubility to 
their concentrations at liquid interfaces. On acidification, at pH values between 1.5 
and 3.0, the molecules may be displaced from the surfaces by the hydrogen ions, 
and forced out of solution. For example. traces of mineral ail dissolved in water 
leave solution on acidification, causing a diffuse haze. If certain “triggering” 
materials are present, however, thc oils will form aggregates with the triggering 
substances, as flocculent precipitates, presenting an unsightly appearance. Thus in 
carbonated beverages. such flocs may settle to the bottom, or rise to the surface to 
form a ring in the neck of the battle. 

In granulated sugars of beet origin these triggering substances are known to be 
traces of saponin coming from just under the sugarbeet skins (see pp. 43-45). In 
general, amounts of saponin materials over 2 ppm (29) in the granulated sugar will 
produce visible flocs after standing in acidified solution for up to 8 days. 

In existing standards, the carbonated beverage industry specifies that visible 
flocs be absent. 

There are no official analytical methods. For control purposes, either the sub- 
jective or objective approach may be taken. The former involves evaluations in 
which the conditions in actual industrial use are approximated, with qualitative, 
organoleptic ratings of floc intensity. 

The reference subjective method, is the Coca-Cola k t  (64), formulated by C .  
Gartatowsky, whose pioneering interest furnished the impetus for the discovery of 
the causative factors by Eis and co-workers (21); and the widely used Spreckels test 
( I )  is an acceleration of the 8-day CocaCola test to a one-day interval. 

Objective tests have the advantage of better precision, and the disadvantage of 
poorer accuracy. Visible floc is not measured, but factors which may not be closely 
related, such as the actual weight of the separated flocs, their hemolytic power, the 
surface activity of tbcir solutions, or direct colorimetric tests for either the sapogenin 
(oleanolic acid) or the algycone (glucuronic acid). The weight of the floc is not 
necessarily related to its visual intensity. 

Tcsb for surface activity assume that the saponin and its parts are the only 
surface active agents in the sugar, which is not always so. Verhaart (73) has pointed 
Out that other surface-active compounds in beet juices include caramel, cholesterol, 

Alimentarius, 20 ppm. Such an amount is clearly excessive for certain uses ofsugar. I 
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and albumins. Chemical tests for the saponin or its constituents are only useful if 
these compounds are a constant percentage of the floc-formers, and actually beet- 
sugar flocs have been analyzed which contain from 20 to 80% of saponin substance, 
the balance being traces of defoaming materials, natural beet fats, or other, uniden- 
tified. surface-active, slightly-soluble nonsucrose materials. 

The gravimetric procedure, the Tollens napthoresorcinol analysis. and the 
hemolysis test are described by Eis (2 I) .  Surface activity may be measured with the 
polamgraph, where the measure depends on the degree of suppression of the oxygen 
maximum (12.72). This has also been proposed as a means for judging the overall 
quality or granulated sugars. A method depending on surface tension involves titra- 
tion with solutions of quaternary amines (40). Chemical colorimetric procedures, in 
addition to the above mentioned Tollens reaction. include the reaction with a 
saponin of antimony pentachloride (75,76) the o -naphthol-sulfuric acid reaction 
(6,25), the red coloration with sulfuric acid alone (50), and the Liehermann- 
Burchard coloration with acetic and sulfuric acids (39). 

Foam Teat. When a granulated sugar is dissolved in water by pouring it into a 
tank with cold water, and then applying heat, just before and after the boiling point 
is reached a surface film of bubbles forms, made of air bubbles from air entrapped 
between the sugar crystals. and of air previously dissolved in the water and expelled 
by the heat. Depending on the characteristics of the trace constituents of the sugar, 
or indeed, sometimes of other components added to the solution by the formulator, 
the foam may readily break and then disappear, or it may rise up and overflow the 
tank. In any event the foaming can be avoided by adding the sugar to water which 
has already been heated to the boiling point. This, however, is inconvenient for 
some users. 

The foam is, of course, a consequence of the presence of compounds in the 
solution which lower the surface tension, and, as mentioned above, under floc. this 
is chiefly saponin or its derivatives. A saponin-free beet granulated sugar does not 
usually present a foaming problem (I8a). 

While there are no ofiicial foaming tests, the procedure in common use in the 
United States is based on that published by Paine, Badollet, and Keane (55). 

Strength. As mentioned in the discussion of ash, the strength of a sugar is a 
measure of its resistance to inversion, especially as accelerated by heat. This is im- 
portant in the making of hard candies, where a molten mass of sugar may be 
manipulated under radiant heat at temperatures as high as 177 “C. and undue inver- 
sion will cause the final hard candies to be sticky. Strength is also important when a 
solution of sugar and other ingredients is intentionally inverted to a desired degree 
by heating with tartaric acid or other source of catalyzing acidity. If the sugar has 
insunicicnt, or too much strength, the anticipated degree of inversion under the f ix-  
ed conditions may not be realized, making it dilficult to produce a uniform product 
without expensive hand control. Historically, most of the tests for strength have in- 
volved the making of “barley candy,” a hard candy made by heating a sugar-water 
solution to about 176 “C and then pouring the mass on a dah to cool. The  candy is 
then analyzed, most conveniently for its solution color, which is strongly affected by 
the colored decomposition products of invert sugar, or for its remaining invert con- 
tent. The standard ICUMSA method is that of the United States Bureau of S m -  
dards (34). 

Odor and Taate. Sugar should above all else be sweet in taste, and it is in- 
variably so; there is no difference between the sweetness of different samples ofpure 
crystalline sucrose, regardless of the 8ourcc. Other odor or taste characteristics ar t  

I 
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minor. Sugar is noted far its ability to acquire odors from the atmosphere surround- 
ing it, and it is a common experience to fmd the sugar with a slight odor derived 
from the paper or cardboard of the container in which it was packed. Occasionally, 
granulated sugars will he found with fragrantly perfumed aromas, acquired during 
storage in a warehouse next to a consignment of perfumed detergent, or less 
pleasantly, with an odor of kerosene, from storage next to this commodity in a small 
grocery stare. These acquired fragrances can be avoided by packaging in completely 
air-tight packages, which in some cases can considerably increase costs. Sugar may 
also reflect the atmosphere of the factory where it was made. 

However. for use in sweetening very delicately flavored beverages, minute 
odors may he the subject of criticism from bottler users. having as ~ o u r c e ~  organic 
materials volatile at the pH of the existing aqueous film on the surfaces of the sugar 
crystals. These often are formed as the result of microbial action, For example, 
Hoffman and Hirschmiiller (31) found traces of various aldehydes, glyoxals, and 
glyceraldehydes in European white sugars. Recent investigations by Mills and 
associates have shown that certain Amadori compounds resulting from the Maillard 
or browning reaction are flavor precursors (47a). Of greatest importance for car- 
bonated beverages is the aroma of the acidified solution, where various organic 
acids become volatile. Gas chromatography has made possible identification of a 
number of the lower members of the fatty acid series (58.6'2.65). 

Ofnecessity. methods of analysis for odor are subjective. T o  examine the odor 
of a dry sugar it is usual to place the sample in a sealed jar in a warm place for 30 
minutes. and then to remove the cover and make a quick olfactory judgment. Con- 
siderable work has been done to develop the method of "threshold dilution," in 
which a sugar solution is diluted in a series of steps, continuing until no difference 
can bc detected between the diluted sample and the taste or odor of a sample of 
carefully deodorized water (2,68.77). In general threshold methods have not been 
found to correlate well with the full-strength evaluations. Far tests of acidified 
aroma, the sugar solution is commonly acidified to about 1.5 pH with phosphoric 
or other acid, and is organoleptically judged belore or aiter heating. 

In all odor and taste analyses the utmost care must be taken to clean and 
deodorize sample containers, beakers, and water, and the analyst must avoid eating 
or smoking for a time before the test. Frequently such tests cannot he made in the 
usual atmosphere of the sugar-factory laboratory. It is customary to provide in- 
dividual booths for members of the panel, to avoid distracting or biasing influences. 
It is usual to deodorize the air circulated through the room. 

pH. For some purposes the pH of white sugars may he of importance, and this 
must he measured in solution. The ionization constant of pure sucrose has been 
reported as, K = 2.4 x IO-"at lS"C(47). Kunin haspuhlishedresults ofdetermina- 
tions of pH at various concentrations, which ax shown in Table 16-1 (43). 

Table IG.1 pH of Pure Sucrose Solutions at I 8 T  

% 
Conrcnlnlion 

PH 
Calculated 

I 6.9 6.9 
5 5.7 8.7 

15 
GO 

6.4 
6.0 

. .  
6.5 
6.0 
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In practice these values are affected by the influence of trace impurities. The 
ICUMSA method (37) requires determination in a 60 Brix solution. using water of 
specified purity, as developed by Duhourg et 01. (20). 

Purity. The fact that in the early part ofthe century, sugars were sold, both of 
beet and cane origin, containing excessive quantities of impurities, led to industrial 
users establishing various criteria ofpurity, or more exactly, criteria of the  degree of 
purification involved in the manufacture of the sugar. Thus the confectioners ac- 
quired a prejudice in favor of large-grained sugars. which, because of their smaller 
crystal-face area per unit weight contained smaller traces of mother syrup. 

Other arbitrary indicators of “purity” sometimes applied, are: color: sulfur 
dioxide, an excess of which could indicate a “plantation white”; or ash. These are 
all, to some extent. measures of purity: however, they are usually quite misleading. 
Activated carbon can selectively remove coloring matter; many highly purified 
sugars contain relatively large quantities ofsulfur dioxide, and variations of ash con- 
tent with the same degree of refining, may reflect rather the beets or raw cane 
materials than the degree of refining. 

The use of a polarographic method for “purity” measurement has been men- 
tioned above @. 553). but this is biased toward surface-active materials to the near 
exclusion of sensitivity to other nonsucrose materials. 

Pasetti (56,57) uses a general method for evaluation of sugar purity, an oxida- 
tion by potassium permanganate under controlled conditions; i.c., I ml of 0.1N 
KMnO, and 0.5 ml glacial acetic acid, added to lOOg of a 50” Brix solution at 
70-71 ‘C. The time of color change from violet to yellow depends on the sugar, 
varying from 8 lo 80 seconds. 

Properties of Solutions 
Color and Tilrbidity. The “color” of sugar has traditionally been used as 

one of rough measures of the purity of the product. As before mentioned, the visual 
appearance of granulated sugar is affected by the color, the surface gloss, and the 
crystal size. Since gloss and crystal size affect the reflectance markedly, it is difficult 
to measure objectively the color of granulated sugar in its solid state. When grading 
on the basis of visual appearance is considered adequate. the product is compared 
visually with carefully prepared standards under prescribed viewing conditions. 
Since the gloss of the crystals may change with time due to loss or gain ofmoisture, 
or as a result of abrasion, visual appearance is not a reliable measure of product 

The development of highly accurate optical instruments now permits the 
measurement of the optical properties of sugar in solution. Such measurements 
eliminate the variables of surface gloss and grain size. In solution color imeq,  two 
optical properties may be determined the absorption of radiant energy due to the 
presence of colorants, and the scattering of radiant energy: Le., the turbidity due to 
refractive inhomogeneities. The ICUMSA (35) recognizes the significance of these 
two pmpcrtiea in i b  recommendations: “ I .  the baais for the spccification of sugar 
color shall be the absorption of visible radiation by a solution of the sugar. la.  The 
basis for the spccification of s u p  turbidity shall bc the scattering of visible radia- 
tion by a solution of the sugar.” 

The development in 1962 of the “sphere photometer” (9) made it possible to 
measure sugar color and turbidity rapidly and accurately by purely optical means. 

purity. 
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Before the sphere photometer became available as a laboratory instrument, a 
number of approximate methods for the estimation of color and turbidity were 
developed (36). In the purely optical methods, the light transmission of the  solution 
is determined at two wavelengths. 420 and 720 nm (w). the latter being used to 
correct the measurement at 420 nm for the effects of turbidity (25). In other 
methods, it is attempted to remove the impurities which cause the turbidity by filtra- 
tion, prior to the measurement of light transmission. The accuracy of the two- 
wavelengths methods is adversely affected by the variability of the correction factor 
related to the turbidity estimation (46). The methods employing filtration suffer in- 
accuracies due to the removal of significant amounts of cdorants together with the 
suspensoids. The presence of turbidity itself causes further inaccuracies in the 
transmission measurements because the light is scattered predominantly in the for- 
ward direction. Unless suitably modified to exclude forward-scattered light from the 
detector, culvrimeters and spectrophotometers will indicate transmissions 
significantly above the true values (8). 

The ICUMSA recognizes only method 4. the filtration method for white 
sugars, using 420 nm. adopted by the Codex Alimentarius. 

In 1970 the US. National Committee of ICUMSA recommended that 
methods la and Ih be removed from the ICUMSA-approved listing. 

The color limits placed by the Codex Alimentarius are 60 maximum ICUM- 
SA units; and by the NSDA, 35 Bottlers reference basis units (ICUMSA method 
la). 

Foreign MateriaIs 
Micmorganisms. In addition to freedom from pathogenic organisms. which 

requirement sugar shares with all other foods, the absence of spoilage or fermenting 
organisms is required for certain uses. The NSDA has spcdfic limitations invo1yi.S 
sugar to h~ uscrl for making rarhonated and other soft drinks. for mesophilic 
bacteria, and for yeasts and molds (1) (seep. 733). Even though many of the drinks 
are at low pH. dilute sugar solutions are particularly susceptible as likely media for 
growth. The National Food Processors Association likewise has limits for thermo- 
philic organisms (see p. 734), which could survive the heat treatment involved in 
canning, Microorganisms are discussed in detail in Chapter XXIII. 

Sediment. Specifically, sediment refers to insoluble material collected on a 
filter surface through which a solution of the sugar under test has been passed. Such 
material, extremely small in quantity, may be made up  of small particles of paper or 
other fibers from package materials, scale or oxide fragments from equipment, small 
metallic particles from metal equipment erosion, traces of particles from filter aid, 
small carbon particles from activated carbon treatment. “fly-ash” from boilers, or 
small pieces of dried beet pulp. 

In the United States sediment is usually determined using equipment similar 
to the “milk-sediment tester,” and such a procedure is spccified by the NSDA ( I ) ,  in 
which tbc sediment from 300 g of sugar is collected on a 1-3/16 in. diameter filter 
disc, and visually compared with a standard sediment disc furnished by the Associa- 
tion. The standard contains the limit, or 2 ppm. Various procedures and equipment 
for sediment determination using membrane filters have been described in publica- 
tions by Hibbert and Phillipson (30), Devillers (l7,lE), Friml (23). and Gruszecka 
(24). However, no method is universally accepted. 

Spsks. The word refers to colored or black and possibly soluble particles. 
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such as massecuitc halls, large enough to be quite distinct to the eye and visible in 
granulated sugar. 

Insoluble specks in sugar may he determined by a test using comparison stan- 
dards as described in the 1962 ICUMSA proceedings (32). Both soluble and insolu- 
ble specks may be determined by visual inspection of a given weight of granulated 
sugar spread out on a surface, which is tiresome and time-consuming. Equipment to 
make such visual examination easier has been reported by Kregcl (42). 

Results of examinations for specks are frequently expressed in terms of 
number of visible specks per weight of sugar: for example, 50 g. Specks are 
sometimes additionally graded as to size and visual intensity. There arc no specifica- 
tions of specks of record. 

Rubber. Small pieces of rubber dust may he eroded from conveyor belts, ruh- 
ber hoses, gaskets, or, to a minor extent from rubber halls used to prevent blinding 
of moving screens. These rubber particles are objectionable to certain beverage hot- 
tlcrs, since they float an the surface of beverage concentrates, and may react with 
some of the colloidal constituents (1 1). Thus, very close tolerances of rubber par- 
ticles are set by these consumers. To meet these requirements, in many cases rubber 
must be removed as a matcrial for equipment construction. 

i 
I 

Practical Maintenance of Sugar Quality 
This section is designed to furnish a check list in convenient form, for impor- 

tant factors in the control of sugar quality. 

Check List of Sugar Quality Impcrfa t ions  and  Thei r  Causes and Remedica 
A. Pan Scale. These arc constituents ofthe sediment and the ash of the sugar, 

which come from precipitation of lime salts in the vacuum pans. The primary cause 
is the presence of slightly soluble lime salts in the standard liquor. 

7.  Dflm'on.  Caused by poor quality cossettes. degraded beets, over-diffusion 
from such factors as too-high temperatures or too-long cossette detention times, low- 
quality diffuser supply water, and excessive degradation from microorganisms. 
Remedies are sharp knives, beets free from trash, optimum diffusion conditions, 
sound beets, microbial control measures such as sterilization by heat and chemical 
agents, and good quality diffuser supply water. 

2. Dcfccafion and First Carbonofion. Caused by insufficient lime, too-high 
temperature in mild processes, too-low first carbonation alkalinity, or other erron 
in juice purification. As remedial measures, use enough lime. hold the alkalinity at 
the optimum point, keep the temperature of first carbonation in defecocarbonation 
processes as low as consistent with the setting of other variables, and still permit 
satisfactory separation of first carbonation sludge. 

3. Second Carbonation. Caused by alkalinity not at the optimum, lime salts 
in the thin juice too high, or temperature of carbonation not high enough. To 
remedy, the alkalinity should be held at the routinely determined optimum, the 
temperatures kept as high as possible, adequate holding time should be provided for 
the reduction oftbe supersaturation of the calcium carbonate aftcr carbonation, too- 
low natural or effective alkalinity should be restored with soda ash, and additions of 
small amounts of lime to second carbonation may be found effective. 

4. Second Carbonation Filfrafion. The filtration should completely remove 
the precipitated calcium carbonate to avoid solution of the particlea in sulfitation, 
with consequent increase of the dissolved lime salts. 
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5. Evaporoforr. Inversion can occur from low pH values in juices in passage, 
particularly since the pH is considerably lowered at the higher temperatures in the 
first eN.cts. In such cases, measures should he taken to increase the pH of the thin 
juices. Sulfitation of thin juice may he reduced to raise the whole pH pattern, and if 
necessary, split addition of sulfur dioxide may be used to both thin and thick juices. 
Watch for microbiological action in lowpressure evaporator bodies. 

B. High Sugar Color. Basic causes: presence of colored nonsucroses from i n  
vert decomposition. the browning reaction, incomplete purification, and rarely from 
caramelization. 

1. Diffusion. See A. I .  
2. Defeecofion ond F i n f  Carbonalion. Low alkalinities are common causes of 

high color, since destruction of invert at low pH results in much more color. Also 
all factors in A. 2. are important. 

3. Second Carbonofion. See A. 3 .  
4. SulJfalion. There should be a minimum of 20 ppm of sulfur dioxide in all 

5. Euoporolorr. See A. 5 .  
6. Standard Liquor Fillralion. All suspensoids passing through these filters 

will enter the product. Constant control is required of filtered liquors, whether by 
clarity meter or sediment testing. 

7. Whife Sugor Boiling. Adequate feed-liquor punty is primary; avoidance of 
agglomeration, and use of minimum bailing times and temperatures is necessary to 
avoid sugar degradation, caramelieation, and invert-color formation. Roilings 
should be carefully scheduled LO eliminate the necessity of holding. awaiting receiv- 
ing mom in the mixers. 

8. While CenfriJuging. Complete separation of the mother liquor from the 
crystals must be made by correct setting of wash amounts, quality, spray patterns, 
tcrnppntiirrs, and times of application: proper basket loading; adequate basket 
cleaning between loads, periodical washups to clean the centrifugal spider; elimina- 
tion of massecuite leaks to product; and diversion of the sugar to remelt if anything 
goes wrong. 

9. Rcrnrlf Boiling and Ccnfnyuging. Keep all massecuite pH values over 7.0. 
as acid massecuite will steadily invert and form color. Remelt sugars must be of 
high purity and low color, since major quantities of color. ash, and floc substance 
enter the white massecuite from the remelt sugars. For this purpose, maintenance of 
the massecuite purities at proper levels is essential. 

10. Drying and Grnnulofing. Avoid tempcratures high enough to caramelize; 
do not pass sugar with high moisture to the product, as the calor will increase in 
storage. Sugar to storage should be as cool as possible; color increases in storage ap- 
proximately double for each 10°C increase in temperature. 

1 1 .  Scrcming. Scalp ON all coarse particles, which may include colored 
massecuite agglomerates, as these strongly increase the color. Do not overload the 
screens; keep the screens from blinding; watch closely for tears in the screens; do not 
recycle coarse scalpings over the screens. 

12. Conlaminofion by Equiprncnf. Send to remelt the first sugar through 
equipment: after being empty for an appreciable period; after repairs; after "ham- 
mering"; and after boiling out. Avoid syrup drips into product under centrifugals 
and elsewhere. Do not send high moisture product to storage. Avoid using the sugar 
in the very bottom of a storage bin for product purposes. 

sugar-end juices and liquors to prevent the browning reaction. 
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C. Solution Turbidi ty .  Primary causes are: slightly soluble lime salts, and 

7 .  DtJusion. See A. 1. 
2. Defecafion and First Carbonofion. lnsuff&nt lime addition is an impor- 

tant cause of high lime salts and turbidity. See A. 2. 
3. Second Carbonofion. Too-high alkalinity is a major cause ofturhidity. See 

also A. 3. 
4 .  Second Carbonalion Fillrafion. Tight filtration is essential to prevent salu- 

tion of leaking calcium carbonate particles in sulfitation. 
5. Slondord Liquor Filfralion. See 8 .  6 .  A few drops of concentrated 

hydrochloric acid added to a white sugar solution will show if the turbidity is due to 
acid-soluble lime salts. or to leaking filter aid. Breakdown of polphosphate ad. 
ditives to form primary phosphates, with resultant formation of calcium phosphate 
may he a contributing factor to acid soluble lime-salt turbidities. 

6. Whife Sugar Boiling. Turbidity-forming lime salts are formed from sucrose 
degraded in the pans. See B. 7. 

7. Foam-Breaking oils. May cause turbidity in sugar produced. 
D. Odor. Primary cause: improper purification and failure to remove all 

traces of mother liquor from the sugar. 
1. Defecafion and Firsf Carbonofion. An adequate amount of lime is essen- 

tial. See A. 2 .  
2. Whifc Sugar Boiling. Occlusions of mother liquor in agglomerates must be 

avoided. See B. 7. 
3. Whife Cenfnijuging. Wash water should be treated well water, rather than 

odorous condensates. Wash the water to the ash minimum rather than to a satisfac- 
tory color level. 

4.  Remelf Boiling and Cenfrijuging. Remelt sugar purities should be high to 
minimize return of molasses nonsucroses to the white sugar. See B. 9. 

5. Drying and Cronulaling. High moisture sugar in storage is susceptible to 
both odor absorption and development. Development of high-moisture pockets due 
to migration from temperature differentials increases tbe difficulty. Odors may also 
be enhanced by microbial infection in wet sugar. See B. IO. 

6. Confaminationfrom Almosphere. Sugar will absorb odors in the factory 
atmosphere from sources such as kilns and waste-water ponds. as well as normal 
factory "sugarbeet aroma." 

7. Conlaminalion from Equipment. S p p  drips into sugar product, or con- 
densed moisture from equipment can result in odor increase. Sugar in the bottom 
portions of bins may be more strongly odored, and should be remelted. 

E. Floc. Primary causcs: the beets. improper juice purification, any factor 
returning nonsucroscs to the white massecuite, or any factor making the floc less 
soluhlc in tbc standard liquor. 

7. The Be&. &ets vary in their extractable saponin contents. Saponin is 
more easily extracted from degraded beets, as from those frozen and thawed, or 
from long-term storage. 

2. Defecafion and Firsf Carbonation, Good purification will remove 97% of 
the floc. See A. 2. 

3. Second Carbonation. A small lime addition in second Carbonation is fre- 
quently helpful in reducing floc. 

standard liquor filter leaks. 
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4. Supplementary Juice Puntcafion. Activates carbon, either powdered or 
granular, or ion-exchange treatment are positive remedies for floc. 

5,  While Sugar Boiling. Floc is carried in occlusions of mother liquor in ag- 
glomerates. See B. 7 .  

6. While Ccnfri jging.  Floc is tightly adsorbed to crystal surfaces. The syrup 
removal should be clean and complete. See B. 8. 

7. pH of Mossecuife. Keep the massecuite pH at the desired high level to pre- 
vent increase of floc in the sugar due to the lower solubility ofthe floc at lower pH 
values. 

F. Ash. Prima7 causes: any factor increasing lime salts, traces of mother li- 

1 .  Defecofion and Firsf Carbonafion. %rate to produce minimum lime 

2. Second Carbonofion. S e e  A. 3 .  
3. Second Carbonofion Fillmfion. Lime salts arc greatly increased by in- 

complete filtration. 
4 ,  SulJiation. Formation of imidosulfonates is sometimes a major factor in 

ash formation. This should he suspected if the known amount of sulfur dioxide add. 
ed to the juices is not found in the analysis of the sulfured juices. The remedy is to 
eliminate the Sources of nitrate-forming infection. 

5. Sfandard Liquor Filfrafion. See B. 6 .  
6. White Sugar Boiling. See B .  7 .  
7. Whifc Ccnfntuging. The conductivity ash content of the wet white sugar 

provides an excellent means of wash-water control, and of final sugar ash control. 
See B. 8. Be sure Zeolite-type washwater softeners do not leak salt~hrine after 
regeneration. 

8. Conlominolion from Afmosphcre. Any insoluble inorganic materials enter- 
ing from the atmosphere are measured as ash constituenrs. A fcw specks can grcatly 
increase the ash of a sample. Open centrifugals, scrolls, and panstorage tanks 
should be closed. Dust should be kept out of the sugar end, from such sources as 
pulp driers, lime kilns and lime pulverizers, fly-ash, and carbon kilns. Air filters or 
dust-precipitators used in cleaning air to the driers must be kept effective. 

G. High  Sulfites i n  Sugar. Primary cause: too much sulfur dioxide used, or 
in the wrong places. Sulfur dioxide addition should he for catalytic color inhibition 
only, so that the quantity in the white fillmass should not exeed 25 ppm. 

H. H i g h  Sugar Foaming Teat. This is chiefly a function of the amount of 
saponin in the sugar. See E. 

1. Sediment. Prima7 causes: improper standard liquor filtration, or con- 
tamination from the atmosphere or equipment. 

1. Sfandnrd Liquor Fillmlion. See B. 6 .  
2. While Cenfntiging. The wash water must be filtered quite free from sedi- 

3. Drying and Granulofing. The air used in the units must he adequately 

4 .  Screening, The very-fine fraction, containing minute dust particles, should 

5. Confaminafion by Almorphcre. See F. 6 .  

quor in the product, inadequate centrifugal washing. 

salts. See A. 2. 

ment. 

filtered. 

be screened out and reprocessed. See also B. 11. 
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6. Conlominolion by Equipment See B. 12. In addition, the use of stainless 
steels and other appropriate corrosion-resisting metals or plastics is important to 
avoid specks of rust, other oxides. or mill scale. Cast iron. which has reached the 
stage of porous disintegration, is a serious oITender. 

J. Microorganisms. Primary causes: imperfect standard liquor filtration, con- 
tamination from air and equipment, and high moisture in product. 

1 .  Sfandard Liquor Fillrafion. A tight filtration will remove all yeasts, molds, 
thermophiles, and most mesophiles. 

2. While Cenfrijging. Improper sanitation around the centrifugals, syrup 
leaks, fermented paddle-cleaning water, and contaminated air at the centrifugal s t a -  
tion will increase the microbial count, An open centrifugal draws air through the 
sugar layer, and the solid contents of the air are retained by the sugar. 

3. Drying and Gmnuloting. Production of sugar with too high a moisture 
content assists in the continuation of bacterial life. Most microorganisms, other than 
spores, in properly dried sugar will die from dehydration within a few weeks time. 
Air used in driers must be properly filtered. 

4. Confaminafion by Almorphere. See F. 8. 
5. Conlaminalion from Equipmcnf. Serious microbial contamination can 

result from drips of syrup or condensed moisture into the product sugar. Avoid UP 

ing the very bottom sugar in the bins. which frequently has a high bacterial count. 

K. Pmr Color Stability i n  Storage. Primary causes: use of sulfur dioxide as 
a bleach, high moisture or invert in the product, or high storage temperatures. 

1. Su@falilolion. The practice of using sulfur dioxide in quantities large enough 
to actually bleach juice results in return of color in the stored sugar by oxidation of 
the sulfite-containing compounds by the oxygen ofthe air. Sulfur dioxide should be 
used only as a browning reaction inhibitor. 

2. Dryhg and Cronuloling. Sugar must be dried to a low moisture content. 
Water is rquired for all sugar degradation reactions, including oxidation, inver- 
sion, color formation, and bacterial viability. 

3. Screening. Presence of agglomerates with syrup occlusions results in sugar 
which will degrade in color in storage, due to high moisture and amino acids which 
will enable the browning reaction to proceed. See B. 11. 

4. Sforage Temperafurc. Many factories have no sugar coolers at all, and 
many that do, do not send the sugar to storage at a low enough temperature. Color 
increase in storage from most causes is greatly accelerated by higher temperatures. 

L. Agglomerates @aU grain). Primary causes: leaks of syrup or water into 
product, techniques of pan boiling, inadequate centrifuging, and inadequate screen- 

1. Whife Sugar Boiling. Agglomerates of crystals can be produced by t w -  
high supersaturation during the period of “setting the grain,’’ by air leaks into the 
pan, by too p a t  a degree of “tightening” ofthe massccuite before discharging the 
contents of the pan. 

2. Whik  Cmlrijuging. Inadequate waahing of the sugar in the ccnhifugals. 
whether due to improper apray-node adjustment, or just not enough water, as well 
as inadequate basket cleaning and n y ~ p  drips into the product am f rquent  mu-. 

3, Screming. h d q u a t e  scalping to m o v e  fi lmass balls, or mirrulation of 
&pings cauaing small, broken. coloml particles of agglomerates to m a i n  in the 
product, an common caunes. 

ing. 
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4.  Conkmination from Equipmenl. See B. 12. 
5. Formofion in Storage Bins. High-moisture sugar in storage bins will result 

in moisture migration to the cool side of the bins, with local high moisture, inver- 
sion, color formation, and colored agglomerate formation. 

Existent Sugar Standards 
There are four specifications of standards for granulated sugar quality ap- 

plicable to the United States: those of the Codex Alimentarius, the U.S. Phar- 
macopeia, the National Soft Drink Association, and the National Canners Associa- 
tion. Following are abstracts and excerpts from these standards. 

Coder Alimentarius (15) 
Polarization 99.7% minimum 
Invert sugar 
Conductivity ash 
Loss on drying 

Color (ICUMSA unirs) 60 maximum 
Sulfur dioxide 20 mglkg maximum 
Arsenic (As) 1 mglkg maximum 
Lead (Pb) 2 mglkg maximum 
Copper (CU) 2 mglkg maximum 

0.04% maximum, by wt. 
0.04% maximum. by wt. 

0.1% maximum, by wt. (3 hrs at 105'C) 

U.S.P. XX (1980) (71) The use of portions of the text of U.S.P. XX is by per. 
mission of the USP Convention. The Convention is not responsible far any inaccu- 
racy of quotation or for any false or misleading implication that may arise from the 
separation of the excerpts from the original context or by obsolescence resulting 
from publication of a supplement. 

"0 (JyJ".a" 0" 

CuHzz011 342.30 
a -o-Glucopyranoside, 0 -o-fructofuranosyl-. 
Sucrose 157-50.7). 

Sucrose is a sugar obtained from Socchnmm oflcinorum LinnP (Fam. 
Gramineae), Bela vulgarir Linn6 (Fam. Chenopodiaceae), and other sources. It con- 
tains no added substances. 

Packaging a n d  storage-Preserve in welldosed containers. 
Specific rotat ion [781]: not less than +65.9", determined in a solution con- 

taining 2.6 g in each 10 ml, the sample having been previously dried at 105' for 2 
hours. 

Residue on  ignition [281]: not more than 0.05%. 
Chloride-to 10 ml of a solution ( I  in IO), acidified with 2 N nitric acid to a 

pH of 1,  add 1 ml of silver nitrate TS: no opalescence is produced within 1 minute. 
Sulfate [221]-A 5.0-g portion shows no more sulfate than corresponds to 

0.30 rnl of 0.020 N sulfuric acid (0.006%). 
Calcium-To 10 ml of a solution (1 in IO)  add 1 ml of ammonium oxalate 

TS: the solution remains clear for at least 1 minute. 
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Heavy metab 1231)-Dissolve 4.0 g in 15 ml of water. add 1 ml of 0.12 N 
hydrochloric acid, and dilute with water to 25 ml: the limit is 5 ppm. 

Invert sugar-Dissolve 20 g in water to make 100 ml, and filter if necessary. 
Place 50 ml of the clear liquid in a 250-ml beaker, add 50 ml of alkaline cupric tar- 
trate TS, cover the beaker with a watch glass, and heat the mixture at such a rate 
that it comes to a boil in approximately 4 minutes, and boil for 2 minutes, accurate- 
ly timed. Add at once 100 ml of cold, recently hoiled water, and immediately collect 
the precipitated cuprous oxide an  a tared filter crucible containing a sintered-glass 
disk of medium pore size, or suitable equivalent. Thoroughly wash the residue on 
the filter with hot water. then with 10 ml of alcohol, and finally with 10 ml of ether, 
and dry at 105’ for 1 hour: the weight of the cuprous oxide does not exceed 112 
mg. 
National Soft Drink Asmia t ion  (1) 

seep. 734). 
Ash: not more than 0.015% 
Color not more than 35 reference basis units (ICUMSA Method la). 
Sediment: The sediment (means the insoluble or suspended matter such as pan 
scale, rust particles, filter aid, dirt, calcium deposits and other insoluble material) 
content shall not be more than shown on prepared sediment disc (approximately 2 
ppm) available from National Soft Drink Association upon request). 
Torls ond Odor: shall have no obviously objectionable taste or odor in either dry 
form or in a IO% sugar solution acidified to pH 2.5 with U.S.P. phosphoric acid. 
Floc eualuolion of beef sugars: shall not show a positive floc test by the Spreckels 
Qualitative Floc Test Procedure. Universally accepted methods of testing for tur- 
bidity in cane and beet sugars and floc-producing substances in cane sugars have not 
k e n  developed. As Soon as accepted test methods and tolerances have been 
established they will be added to the standard. 
Sampling: “Bottlers” sugar shall be adequately sampled by the producer im- 
mediately prior to packing to assure compliance with these standards. 

Standards for “Bottlers” granulated sugar. (For microbiological standards, 
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Chapter XVll 

LIME AND CARBON DIOXIDE PRODUCTION' 

The beet sugar factory requires a supply of lime (CaO) for carbonation and for 
the Steffen process. if used. The former also requires a supply of carbon dioxide 
(COz) gas. Both of these reagents are manufactured at the factory site by calcining 
calcium carbonate, which when heated decomposcs to form the two desired prod- 
ucts. The source of the calcium carbonate may be either limestone or carbonated 
lime waste from the sugar factory process. Calcination is performed in a direct-fired 
furnace called a lime kiln. 

Qylity ojLime and Carbon Dkoidr. For satisfactory operation of the factory 
the lime and carbon dioxide must meet certain specifications. For the non-Stemen 
factory the most important requirements of the lime are: a) it should be relatively 
pure; Le., upwards of 80% CaO; b) it should slake at a reasonably rapid rate; c) the 
non-CaO constituents should be relatively harmless to the factory process and non- 
toxic. Some impurities commonly found in limestone such as magnesium, iron, 
aluminum, and sulfate compounds are relatively harmless as they will be largely 
precipitated and eliminated from the juice in carbonation. Others such as silica can 
cause problems or inefficiencies in the factory process. 

For Stemen work the following additional properties are required: a) the lime 
must be grindable to a powder with high specific surface. It is especially important 
in this regard that the lime not be over-calcined so as to produce shrinkage (30). See 
also pp 575-576; b) it must be nearly frcc from recombined COz; c) it should be 
cool. 

The carbon dioxide gas must be of sufficient purity to react efficiently in the 
carbonating equipment being used. Carbonation equipment is usually designed for 
gas of at least 28% COz content. It is practical, however, to design carbonators to 
operate with gas containing as little as 12% COz by increasing the juice depth over 
the gas distributors or the cross-sectional area of the carbonating tanks and 
distributors or bath. Regardless of equipment design the COz content of the car. 
bonating gas should be uniform to facilitate control of carbonation. The gas should 
also be free of unburned fraction3 of coal or petroleum, which are potential con- 
taminants to the products of the factory. 

Equipment  for Limestone Calcining 
The overwhelming majority of beelmgar factories produce the necessary CaO 

and COz by calcining limestone which is found in abundance throughout the world. 
Of the many types of kilns which have been designed for calcining limestone, the 
bet-sugar industry uses predominantly a type c.-lled the "vertical shaft" or 
"Belgian" kiln, because it is datively inexpensive. simple and efficient. Modem 
vertical shaft kilns fall into two general categories: I )  mixrd feed with solid fuel; 2) 
garJirrd by direct injection of gaseous fuel or producer-gas generated from oil or 
coal in external gas generating chambers. 

Mixed feed and gas- and oil-burning kilns will be described. Firing with coal 
producer-gaa is not practiced in the beet-sugar industry. 

M i x 4  feed kilns are fired internally by a solid fuel of high carbon content, 
coke or anthracite coal (15). which is charged into the kiln in a mixture with the 
limestone. Most common in the industry is the Belgian kiln illustrated in Figure 

'by E.M. Harunann. Revised hy L.W. McCosh 
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Figure 17-1. Vertical, or Belgian kiln 

17-1. It consists of two truncated cones fastened together at their bases. The lower 
cone is much shorter than the upper cone and is called the “bosh.” The cones are 
made of sheet steel and are lined with refractory brick, usually from 9 to 14 in. 
thick. The upper cone is provided with several rows of holes for inspection of the 
contents during operation. These holes have tight-fitting steel doors or plugs. 
Typical design criteria for a Belgian kiln would call for a volume of 65 to 85 cu ft 
per ton of CaO produced per day, with a height.to-maximum-diameter ratio of 3.7 
to 4.5. 

The bottom of the kiln is provided with a fixed or movable grate arrangement 
which will control the removal of the bumed product while allowing the continuous 
admission of combustion air. A conical hopper and conveyor are usually located 
under the grate or discharge mechanism for removal of the discharged lime. 

The top of the kiln is closed by a steel hood in which a well.fitted door is pm- 
vided for admission of the mixed limestone and fuel. Below the door is located a 
distributing arrangement to spread the charges of stone and fuel evenly over the 
cross section of the kiln and to reduce coning in the center. This distributor may 
consist of a stationary cone with apex up. or an olTm swivel chute which can be 
turned in a dillercnt direction for each charge. 

Large ports am provided below the door for removal of the gas produced by 
the kiln. The gas is piped through scrubbing equipment to a compressor which pm- 

~~ 
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vides induced draft for the kiln and a pressurized supply of CO? gas for the carbona- 
tion. To  the hood itself is usually connected a small centrifugal exhauster discharg- 
ing to the atmosphere. Its purpose is to remove the air which enters when the door is 
opened for charging, and also to provide a small draft when first starting the kiln or 
when an emergency shutdown of the factory occurs. 

An accurately proportioned mixture of limestone and solid fuel is introduced 
in batches to the top of the kiln. This charge is kept moving down through the kiln 
by withdrawal of the calcinated lime from the bottom. The product gas is con- 
tinuously withdrawn at the top by the compressor, causing fresh air to enter the kiln 
at the bottom. 

As the solid feed moves down through the upper third of the kiln, the 
preheating zone, it absorbs heat from the gases moving up from the fire zone. At the 
bottom of the preheating zone, the fuel reaches the kindling point and begins to 
burn. 

Here starts the fire zone, which occupies approximately the central third of the 
kiln, In this zone, heat is generated continuously by combustion of the fuel and the 
oxygen supplied by the draft air. Under the influence of this heat, the calcium car- 
bonate in the limestone dissociates into the two desired products while the combus 
tion of the carbon in the fuel produces additional carbon dioxide. 

At the bottom of the fire zone the fuel is exhausted and the cooling zone 
begins, occupying the remaining length of the kiln. Here the calcinated lime is cool- 
ed by the incoming draft air, which in turn is preheated for combustion in the fire 
zone. 

Mixed feed shaft kilns have substantial advantages: 
I .  They are mechanically very simple. 
2. They require low capital investment and moderate mechanical attention 

relative to other type of kilns. 
3. They are thermally effcient; Le., in the region of 70% as compared with 

30% to 60% for some other types (16). A modem highly insulated German mixed 
feed kiln achieves an efficiency of 85% (16). 

4. The CO? content of the gas product is high; Le., 32% to 37%, requiring 
minimal investment in gas scrubbers. compressors, and carbonating equipment. 

5. The ratio of fuel to limestone, which is of critical importance, is predeter- 
mined in the charge. This simplifies the problem of controlling the kiln under condi- 
tions of varying operating rates or emergency stoppages. 

Mixed f e d  shaft kilns have disadvantages, too: 
I .  They are critical of limestone quality, requiring a atone that is well size- 

graded, nondccrepitating, not easy to melt, and able to yield an active lime when 
calcined over a wide range of temperature. It seam impossible to achieve precise 
and uniform distribution of temperature throughout the fire zone of a mixed feed 
kiln (28). 

2. They are sensitive to solid fuel quality. requiring for good results a hard. 
high purity coke or anthracite of controlled size gradation. Such fuel is expensive in 
many places. 

3. Their operation is somewhat of an art. requiring subjective judgment of 
such factors as temperature and heat distribution. d e g m  and uniformity of calcin- 
ing, uniformity of charge movement. and incipient melting. Such judgment must bc 
largely based on visual inspection through the portholes. The transit time of the 

I 
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solids is on the order of 24 hours, so that problems created by operating errors, 
automation failures, or changes in feed quality are not quickly rectified. 

4. Fuel ash and unburned fuel become mixed with the lime. 
Mixed feed shaft kilns have received attention from modern technology, 

resulting in lower costs and more satisfactory operation. Following are some 
features of modern kilns as described by Annis ( I ) :  

1. Automation: The mechanical grates which discharge the calcined lime are 
controlled by the liquid level in the lime milk tank. As the fill level in the kiln sub- 
sides, this is detected by a nuclear level gauge at the top of the kiln, which activates 
the charging mechanism. The latter is programmed electronically to weigh out the 
proper proportions of limestone and fuel into the charging skip and hoist it to the 
top of the kiln, properly activating the kiln door and charge distributor. 
Temperatures at various points of the kiln periphery are indicated by thermocouples 
encased in hollow hlocks of carborundum. Figure 17-2 shows a modern control 
panel for a mixed feed kiln and lime slaking plant. 

2. Improved refractory linings: Renewal of the kiln lining, at least in the fire 
zone, used to be a regular feature of each intercampaign's maintenance program. 
Improved refractories have now lengthened the life of the lining to as much as six 
years, with minor patching. Durable plastic refractories are becoming available 
whereby patching can be effected by driving anchor studs into the steel shell, and 
then spraying or plastering the refractory material. Full linings of plastic refractory 
are a future possibility. 

The suppliers of refractory materials should be consulted as to specifications 
for lining materials. Generally the more durable refractories are higher in price and 
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their relative economics must be evaluated in the light of local labor prices for in- 
stallation. duration of campaigns and other economic factors. 

3. Improved design details: 
a. Cylindrical instead of conical kilns are common. They are probably less ex- 

pensive to design and construct than tapered kilns. The theoretical advantages of 
tapering; i.e., freer downward movement of the charge and less abrasion to the lin- 
ing, are not clearly demonstrable in practice. 

b. Structural support is greatly simplified by a chimney-like design in which 
the shell of the upper cone or cylinder is continued past the bosh to foundation 
level. This replaces the stanchion and beam support at lower cost. I t  also provides 
an enclosure for the discharging machinery, sometimes eliminating the need far a 
building. 

c. Pneumatic scales are used for weighing the limestone and fuel. They are 
said to be more durable and accurate than beam scales under the shock-loading and 
dusty conditions of kiln charging. 

d. A double-decked weighing hopper for the limestone and fuel results in a 
more uniform mixture when the charge is dumped into the kiln. 

e. A special charging bucket for the initial filling of the kiln is lowered by a 
hoist into the kiln to deposit the initial charges gently on top of the fill. This 
eliminates the shattering caused by the long fall of the feed when charging an empty 
kiln, reducing the amount of shattered fines in the initial fill. Start-up problems are 
thereby reduced. After the kiln is filled to operating level. the special bucket is 
withdrawn from the kiln. 

Gas- a n d  Oil-Fired Shaft Kilns 
Development of these has been stimulated in the last three decades by the in- 

creasing availability and decreasing cost of fuel gas and oil relative to coke and an- 
thracite. Basically. the gas-burning type consists of a shaft similar to the mixed feed 
kiln, but equipped with stationary burners at various points for the injection of 
gaseous fuel. In oil firing, external gasification chambers are provided to convert the 
fuel oil to fuel gas before it enters the kiln (6). Thus they are all really "gas fired." 
Modern gas-fired kilns have provisions for injection of the gaseous fuel into the 
center of the kiln, as well as the periphery, for more uniform temperature distrihu- 
tian. Some have provision for the recirculation of exhaust gases to produce a 
tempering effect and to control the length of the fire zone. Some also have provision 
for bypassing a portion of the secondary combustion air around the level of fuel in- 
jection to temper the fire and control its length. Figures 17-3 through 17-6 show 
three types of gas.buming shaft kilns in use in the North American beet-sugar in- 
dustry, and one type of oil-huming shaft kiln. 

Gas- and oil4rcd shaft kilns have these advantages: 
1. High thermal efficiency, although not so high as mixed feed kilns: i.e., 

a b u t  55% for gas firing (29,39) and 60% for oil firing (22). 
2. Reduced fuel cost compared to mixed feed kilns where fuel gas or oil are 

enough cheaper per heat unit than coke or anthracite to offset the difference in ther- 
mal efficiency. 

3. Instant control of fuel quantity and distribution. 
4. Control of flame tempering and length. 
5. Reduction or elimination of ash contamination by the fuel, 
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6. They are possibly not so demanding of limestone quality as mixed feed 
kilns, owing to the opportunity to control the temperature and temperature distrihu- 
tion more accurately. 

7. They can tolerate smaller-sized limestone, which is often cheaper than the 
2 in. or larger shes required for mixed-feed kilns. 

Disadvantages of gas- and oil-fimd shaft kilns are: 
1.  Higher investment and mechanical attention because of the combustion 

equipment and controls, as compared with mixed feed kilns. 
2. The internal burner arrangements in some cases tend to obstruct the flow 

of limestone through the kiln and increase the dilficulty in the event of clinker for- 
mation. 

3. The critical ratio of fuel to limestone is not predetermined. Thus, almost 
instant overbuming, and sometimes clinkering, or underhuming can occur if there 
is an unplanned change in the flow of limestone or if channeling takes place in the 
kiln. 

To counter this problem, Some gas-fired kilns are equipped with hopper scales 
under the kiln. Thus as each mechanical draw grate is activated, it is required to 
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Fiwm 174. The Mnrin "Limclizhter" kiln. Carrlslv. M o d m  IN A mntnl mfncton io- m r k a  

~ ~~~~~~~~~~ 6; A ho"ppcpprr r s b  isiootcd vndrr the automatir dnx mm&;m for ;mi; mntml of the dmw. 

continue in operation until a predetermined weight oflime has been drawn from its 
section of the kiln. If such predetermined weight is not drawn within an allotted 
time an alarm sounds. This system provides considerable B S S U T ~ ~ C C  against poten- 
tially serious, unexpected variation in the fuel:limestone ratio. However, it increases 
the requirements of investment cost and mechanical attention. 

4. The CO? content of the kiln gas is lower than that from mixed Kxd kilns 
because of the higher hydmgcn:carbon ratio in the gas and liquid fuels. Typical 
round values worked out from Azbe's chart ( 5 ,  17) of thermal eficiency vs. exhaust 
gas analysis arc as in Table 1 7- I .  

Table 17-1 

M BIu % co, ("01) 
Thlhrrmal pc' ton in gar, auuming 

Efficiency vo CaO 2.5% 0, and no CO 

Coke firing 70 4000 35 
Bunker C oil f ir ing 60 4600 32 
Texas type "2L"ral gas firing 55 5000 29 
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This may call for a somewhat larger or more elaborate carbonating system than is 
required with a mixed feed kiln, 

Design criteria and operating know-how for kilns of these typcs are, at this 
writing, largely concentrated in patents and in the proprietary knowledge of the 
firms that supply rhem. Consultation with such firms is strongly rccommcnded t~ 
those considering their installation. 

Theory and Practice of Limestone Calcining 
The basic chemistry of limestone calcining is simple. but the physical and 

physicochemical factors are so complex that in the present state of knowledge some 
features uf lime production are more of an art than a science. 

Chemistry 
The fundamental chemical reaction is: 

100 56 44 
CaCO, + 43.3 Cal. CaO + CO: 

A simple stoichiometric calculation based on this equation shows that under 
conditions of perfect efficiency the production of one ton of CaO requires 1.79 tons 
of CaCOs and 2.78 million Btu of heat. These are minima and can be used for 
calculating the thermal and material efficiencies of the lime manufacturing station 
by comparing them with the actual operating results. Furthermore, if the effciencies 
of an existing or proposed installation are ascertained or estimated then the raw 
material and fuel requirements can be forecasted for that system on the basis of the 
above values. 

The reversibility of the basic reaction is very important. Thus for successful 
calcining, one must maintain the conditions which drive the reaction to the right, as 
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(2) 
- 9340 

T 
log p = - + 1.1 log T-O.0012T + 8.882 

w h m  p is the partial pressure of CO? in nun of Hg and T is the temperature in 
degrees Kelvin. Johnston's findings have k e n  reconfirmed by Azbe (2). Figures 
1 7 - 7  and 17-8 are plots of Johnston's equation. If tbe temperature and COz 
pressure conditions are in the region above the quilibrium line then CaCOs will 
dissociate. If conditions arc in the region below the equilibrium line, then COz and 
CaO will combine to form CaCOs. Such recombination will occur rapidly at 
temperatures near the equilibrium temperature (3). 

Thus to satisfy the fundamental chemisry of calcining CaCOs, the following 
steps are necessary: 1) Heat tbe CaCO,, to h e  equilibrium temperature; 2) Supply 
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the heat that is absorbed by the dissociation reaction; 3) Remove the COI as it is 
generated; 4) Provide an atmosphere of low COP content during the cooling of the 
CaO. 

Avoiding the recombination of COz with the finished lime is ofparamount im- 
portance for Steffen work. Such recarbonation, even in minute amounts. apparently 
spoils the lime-surface conditions necessary for the precipitation of cold saccharate. 
One can easily demonstrate this by calcining powdered CaCOJ in a laboratory muf- 
fle and then exposing it briefly to a COz atmosphere as it cools through redness. 
The  resulting lime, although it may contain as little as 1% COX. will be almost com- 
pletely incapable of precipitating cold saccharate. Nevertheless, it may slake 
VigOroUsly in water or sweetwater and make a lime milk which is quite acceptable 
for straight-house carbonation. Extensive recarbonation is, of course, undesirable 
even for straight-house work as it increases the limestone costs by reducing the net 
yield of CaO. 
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Recarbonatian in calcining can occur in two ways: I )  from CO? in the at- 
mosphere during the cooling stage of the calcining process; 2) from incomplete 
calcination of limestone such that the interior core of the stone is still hot and emit- 
ting CO2 while the exterior is cooling. The latter occurrence is illustrated in Figure 
17-9 and 17-10, 

Figure 17.9. Probable stag- in the manufarturn 
of lime in a rrrticsl kiln: 1) prchcrting stone; e )  
aur1nc.e dcinstion; S] internal mlrinstion; $corn- 
p ldon of cslcinstion and incipient cooling 
without msrbonstion; 5) -link with slight 
rearbonstion; 6) -ling with mmidcrsble -r- 
borntion. V.J. A r k .  1917(3) 
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Complete and steady removal of the COz, from the kiln as well as complete 
calcination of  the limestone are therefore important factors to successful lime 
manufacture. In making lime for Steffen some overdrafting of the kiln may be 
justified to assure rapid cooling of the calcined lime with a minimum of exposure to 
CO2. The resulting sacrifice in thermal efficiency of the kiln may be well repaid in 
improved Steffen efficiency. 

Practically all the lime produced in the kiln is recombined with COz in the lac. 
tory carbonation. Chemically reaction ( I )  read from right to left is the simplest 
possible statement of this process. Although there may he intervening steps, never. 
theless, the stoichiometric quantities are those shown in the equation, Since the car- 
bonation process is not perfectly eficient in using the COz supplied to it, an addi- 
tional supply is necessary. This is accomplished by performing the calcination in a 
kiln that is fired internally with a carbonaceous fuel; i.e.. coke, coal, oil, or fuel gas. 
The CO? from the combustion thus supplements that from the limestone. The 
amount of such supplemental COz generated will, of course, depend on the thermal 
efficiency of the calcining process and the ratio of carbon to other combustibles in 
the fuel used. 

Considering the lime industry as a whole, bituminous coal, anthracite coal, 
coke, producer gas (from coal), natural gas, fuel oil and wood are commonly used to 
provide the necessaly heat and the supplemental COX. In the sugar industly, the 
most predominant fuels are coke and natural gas. In order to clarify the relation- 
ships of COz production, equation (1) is restated as follows with the assumption of 
one ton CaO to be produced: 

LOO 56 44 
CaC03 + 
1.79 ton 2.7 M Btul I ton .79 ton 

Heat - - CaO + coz (3) 

ton CaO 

The reaction of the combustion of coke is stated as follows (assuming 8% coke on 
rock): 

12 32 44 14000 Btnnb 

.I43 ton ,381 ton .524 ton 4.00 M Btu 

Analysis of these two reactions reveals that the amount of COT available to supplc- 
mcnt that being produced from the limestone is: 

Heat (4) c +  0 - CO? + 

COz from Ton 96 of total - 
Stone .79 60 
Fuel ,524 40 - 
Total (per ton CaO) 1.314 100 

Considering the reaction of natural gas as a fuel, and making the assumptions that 
the gas is 100% methane, and that the fuel input is 4.8 M Btulton CaO, the fuel 
combustion reaction can be stated: 
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23900 Btu/lb 
Heat ( 5 )  

16 2 (32) 44 2 (18) 
2Hz0 + CHI + 2 02 - COz + 

ton ,402 ton ,276 ton ,226 ton 4.8 M Btu 

Analysis of equations (3) and (5) shows that the amount of COz available to the pro- 
cess is: 

COz from Ton % of total 

Stone .79 74  
Fuel ,276 26 

- 

Total (per ton CaO) 1.066 100 

It is apparent from reading formula (3) in the reverse direction that, chemical- 
ly (in a 100% efficient system) only the COz which comes from the rock is necessary 
for the carbonation of the CaO back to CaC03 in the factory carbonations. The  effl- 
ciency of absorption in the carbonators ranges widely (from less than 50% to go%), 
but all require some additional COz from the fuel to complete the carbonation pro- 
cess in the factory. 

One might ask the question, "Why the emphasis on high COz content in the 
kiln gas?" The answer to this usually lies with the size of the equipment used to 
pump the kiln-oNgas to the carbonator. Excessive air leaks into the top of  the kiln 
will dilute the COz content and require the handling of much more gas to obtain the 
same amount of COz. Obviously, if the system is mechanically designed to operate 
with a 15% COz gas, it is entirely possible chemically. 

Proper operation of any type of kiln requires tbat the rates of limestone feed, 
fuel supply and withdrawal of calcined lime and COX gas be held relatively constant 
and not be subjected to hour-to.hour or minute-to-minute variations in the demands 
of the Steffen or carbonation. Some surge storage of the product lime or  lime milk is 
therefore necessary, as is some buffering ofthe COz gas supply. Surge storage ofthe 
gas is impractical, but buNering of the demands of gas can be provided by maintain- 
ing the absorption efficiency of the carbonation at a point where the process does 
not normally need all of the COz supplied by the calcining plus combustion reac- 
tions. The surplus COz gas is then normally vented to the atmosphere. When the 
carbonation requires a temporary over- or under-supply of CO? the rate of venting 
the surplus can then be adjusted, and the rate of withdrawal from the kiln need not 
be disturbed. Only by so insulating the temporary operating variations of the pm- 
cess from the kiln can both be maintained at maximum efficiency. 

Physical and Phys imhemica l  Conaideratiom 
Some forms of limestone and quicklime, even though they may be of the 

highest purity, arc nevertheless quite useless for sugar factory work because of their 
physical svucture (1 I) .  The more important physical and physicochemical factors, 
which are interrelated in their effects, are (1 I): 

Physical proprrfics of the limesfone: crystal size and size distribution, density, 
degree and type of agglomeration. if any, tendency to decrepitate, quantity and 
nature of impurities and types of occlusion, and particle sizing and size distribution. 

Physical conditions of the calcinah'onproccss: rate of calcination, temperature, 
and duration. 
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Physic01 properties of d e  quicklirnc: porosity, density, effective surface area 
pcr unit weight, and particle sizing and size distribution. 

Most limestones were originally beds of marine shells and skeletons. After 
their original deposition such beds may have been subjected to a variety of 
geological processes, such as leaching and recrystallization, pressure, heat, fractur- 
ing, uplifting and erosion. Their physical natures vary widely depending upon their 
geologic history. and their behavior in calcining will vary with their physical struc- 
tures. Some will calcine satisfactorily in all types of kilns, some are suitable only for 
calcining in rotary or hearth kilns, and some are very difficult or impossible to 
calcine satisfactorily in any commercial kiln. 

The types of physical behavior which must be avoided or minimized through 
proper selection of limestone and propcr calcining technique are: 1) shrinkage, 2) 
melting, and 3) decrepitation. 

1) Shrinkage. A piece of good quality limestonc. when calcined carefully at 
just above the equilibrium tempcrature and cooled immediately thereafter, will re- 
tain its original dimensions. The resulting lime will have a porous structure 
resembling chalk. with p a t  internal surface. Liquids will penetrate it readily. It 
will be highly reactive, easy to slake, easy to grind, and efficient for Stcffcn use, if 
not recarbonated. 

If, however, it is kept above the calcining temperature for an excessive time, or 
is overheated, the internal surface will be reduced and the above desirable properties 
correspondingly diminished. Such lime is called "hard burned." With sufficient 
overcalcining of this nature, the resulting lime will increase in density by shrinkage 
and will ultimately become almost inert. Such lime can, for example, remain im- 
mersed in water for several days without slaking. In this almost inen condition, it is 
called "dead burned." 

Boynton (9) has summarized the work of several researchen, showing that 
such loss of internal surface and ultimate shrinkage are caused by the clumping of 
the CaO crystals at high time-rcmpmture into agglomerates of "crystallites." This 
process is illustrated by Boynton, whose drawings are reproduced as Figure 17-1  I .  

....... 0.0.0.. Figurn 17.11. C n  hi< dL l a y  of h m  
lime o x i d e  gracfudly L r m  much 0 .0 .0 .0 .  

1.rger cr,lt.lli,e* .I rslrin.,ion 

The density of the limestone has an important bearing on its tendency to lose 
surface or shrink during calcination. Figure 17-8 shows that the equilibrium 
tempcrature of the calcining reaction continues to increase with increasing COz 
pressure. As calcination proceeds toward the interior of a piece of limestone. con- 
siderable pressure is generated by the escaping COz and this tendency is increased in 

i 
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limestones of high density and low porosity, Thus the time-temperature re- 
quirements for calcining high-density limestones are greater than for those of low 
density. The closer molecular spacing in high density stones undoubtedly funher 
facilitates the formation of crystallites. Low-density limestones are much more 
tolerant of the natural variations of timetemperature exposure that occur in calcin- 
ing processes, and are to be prefemd to high-density stones. 

A measure ofthe relative susceptibility ofdiNerent limestones to hard burning 
or dead burning can be obtained in the laboratory by calcining pulverized samples 
at various temperatures over the range 1500" to 2400°F for four hours. The 
resulting lime can then be evaluated by rate-of-slaking tests or SteNen-cffciency 
tests. Desirable limestones will retain a high degree of reactivity over a wide range of 
calcining temperatures, Undesirable ones will exhibit a peak reactivity when calcin- 
ed at a temperature near I800 e to 2000 "F, with reactivity falling off rapidly at 
higher as well as lower calcining temperatures (30). 

In work done in the mid-1950's Murray (27) observed a d e h i t e  wend of lower 
shrinkage of lime produced from a Stone that had been treated with salt or soda ash. 
Those limestones that exhibited a tendency of high shrinkage and the resulting 
d u c t i o n  in reactivity contracted less and demonsvated a higher degree ofreactivity 
than the same stone which had not been treated with the salt or soda ash. 
Limestones that exhibited a low shrinkage tendency were unaffected by the salt or 
soda ash addition. Boynton (I0)points out that lime manufacturers in several coun- 
tries have experimented with small additions of sodium chloride either dry or in 
solution in the range of0.2 to 1 .O percent (2-10 lh/1000 Ih rock) and that contradic- 
tory results have k e n  .-.=ported. In the past few years there has been considerable in- 
terest in the sugar indusvy in this phenomenon, where similar experiments have 
been conducted and similar results obtained. If salt or soda ash is cNective on a par- 
ticular limestone, it produces a lime that has less shrinkage, and, therefore, greater 
porosity and greater reactivity. The degree of improvement is the variable that is not 
predictable between stanes of different origins. This must be determined experimen- 
tally. There have been no documented adverse effects of using salt or soda ash; 
however, some operators feel that salt has a possible detrimental eNect on the gas 
handling quipmcnt. Since more dusting is observed from a stone that has been 
treated, it would appear that additional gas washing may be advisable in some cases. 
There is some indication that SteNen losses have been reduced by a factor of ten by 
using salt in the lime kiln. The primary negative result has been excessive dust and 
in some cases a tendency to decrepitate. 

I 

2) Melting. The melting p i n t  of pure CaO is 4400'F, a temperature which 
should ncvcr be reached in a calcining operation. However, the melting point of 
lime can become much lower than this under the fluxing influence of certain im- 
purities. Such impurities can be contained in the limestone or supplied by the fuel as 
well as by the refractory lining of the kiln. Ofthe common impurities in limestone, 
it., SiOz, AIzOs, FezO,, and MgCOs; Si02 has the greatest fluxing action, since it 
easily combines chemically with CaO (31). Melting is, ofcourse, increased by condi- 
tions of greater time-tcmperatum. When melting is allowed to occur it reduces the 
reactivity of the lime in the same way as dacs shrinkage. Also when the CaO com- 
b i c s  chemically with impurities such as Si02 during melting, it thereby becomes 
unavailable for its mission in the beet process. 

A further serious consequence of melting is the fusion of the limestone pieces 
to each other and to the kiln refractory to form clinkers. Such clinker formation in- 
terferes with the flow ofboth solids and gases through the kiln, reducing its capacity 
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and heat economy besides injuring the quality of its product, as well as damaging 
the refractory lining. 

Roper  selection and sizing of the limestone, avoidance of fuels high in ash, 
and good kiln design and operation will minimize or avoid melting. 

3) Decrepitation. This is defined as the tendency for the limestone to shatter 
during calcination. I t  results in blocking of the draft in a shaft kiln by fines. In all 
types of kilns it generates undesirable fines and dust. When decrepitation occurs it 
becomes dimcult or impossible to calcine the larger pieces of limestone without 
overhuming or dead burning the decrepitated fines and dust. Decrepitation is 
characteristic of limestones composed of large calcite crystals and of some stones of 
suiated or fractured famation. It can be abetted by poor calcining techniques; i.e., 
thermal shock from too rapid heating and physical shock from rough handling. 

A good preliminary test of the decrepitating tendency of a limestone can be 
made by calcining pieces, say I in. cubes, in a laboratory mume at 2200 OF. If the 
limestone does not decrepitate during such laboratory calcining, a further evalua- 
tion can be made by drop-testing the calcined pieces and comparing their behavior 
with that ofcalcined cubes made from a limestone that is known to perfom satisfac- 
torily in full-scale practice. 

Selection of Limestones for Calcining 
It is evident from the foregoing that the selection o f a  suitable limestone is of 

great importance in calcining practice. Ususally the noticeable physical 
characteristics of suitable stone are: fine crysmls, low density. high porosity, a 
minimum of striations and fractures. and a minimum of impurities, especially SiO2. 

Although some preliminary screening can be obtained from chemical analyses 
and laboratory calcining tests, as described above, nevertheless the ultimate 
suitability of a limestone for calcining cannot he known except by actual trial in a 
full-sized kiln (1 I ) .  In evaluating a potential new source of limestone the insurance 
value of running a trial carload or two through an operating kiln is usually well 
w o M  the cost. 

Limcsfonc Suing. This is another important physical consideration. Since 
calcination proceeds from the exterior of a limestone particle toward the center, ob- 
viously the time-temperature effort required for complete calcining increases with 
the increasing size of the limestone. Excessively large pieces may require more of 
such effort than is available at the desired throughput race of the kiln; or they may 
become overhurncd on the exterior before the interior is calcined. Excessive 
variance in size gradation tends to result in simultaneous over- and under-burning. 

Azbe (4) has proposed a mathematical expression of the relationship ofthc sire 
and shape of a given piece of stone vs. its behavior during calcination: 

where K = a calcination constant, S = the surface, sq in.: AT the temperature dif- 
ference in "F between the flowing gas and the core of stone: t = the time, min; V = 
the volume, cu in.; and P = the mean penetration, in, 

Calling the calcining effort E= A T . t and equating P to the average thickness 
of the piece of stone in question. then the minimum reguiremcnt for complete 
calcination is expressed as: 
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(7) V ’ P ’ K  
S 

E =  - 
It is apparent from the above that the shape factor is as important as the size 

factor. The average thickness is as important as the volume ofa  stone. Thus slabs or  
irregularly shaped rocks require less calcining effort than those of the same volume 
but approaching cubic or spherical shape. 

In the above study, Azbe has proposed a graphic representation of the calcin- 
ing effort vs. the size and shape factors. He has further suggested that in a given kiln 
feed the p a t e s t  and least required calcining efforts for individual particles should 
be related by a ratio of 5 : l  or less. 

The average size and size variation have another important effect in a shaft 
kiln; i.e., they cause resistance to the flow of gases through the kiln. Excessively 
small-sized rock, or rock with cxccssivc size variance, will limit a given kiln’s 
capacity by preventing the adequate introduction of combustion air and removal of 
gas products. Sizing variance can also cause channeling of the gas flow, producing 
such detrimental efTects as local over- and under-burning and recarbonation. 

Small sizing or size variance bas another disadvantage in limestones which are 
susceptible to melting. Because mom points of mutual contact am presented, the 
tendency toward clinker formation is increased. 

Obviously there is an optimum average size and shapc of stone for each com- 
bination of kiln design, operating rate, and stone composition. However, it appears 
that kiln performance will always be improved by reducing the size variance. The 
economy of sizing and size variance, however, must also be considered. 
Ultrauniform sizing with its attendent processing cost and the rejection of a large 
fraction of the limestone may be less economical than acceptance of more size 
variance or a less desirable average size. Each combination of kiln installation and 
limestone source will obviously have its own economical specification for stone siz- 
ing, and this must be determined by local study and experience. Some general 
guidance may be obtained from the knowledge that shaft kilns arc using fccds from 
2 to 8 inches in average particle length. 

Equipment for Waste Lime Reclamation 
The cost of high quality limestone is great enough in some areas to justify the 

incrrancd investment and processing costs of reclaiming and reusing the waste l i e  
from the factory carbonation. Two typcs of kilns have been used successfully for 
such a process: the rotary kiln and the multiple hearth kiln (20,23,25,26). The Ox- 
nard and Spreckels, California, factories for many years used small gas-fired rotary 
kilns to provide IO% to 25% of their lime supplies by calcining some of the sun- 
dried waste lime from previous campaigns. The gas from these small kilns was too 
low in COz content to be utilized in the carbonators. Thus the quantity of rcburned 
waste lime that could be utilized was limited to the amount ofsulplus COz that was 
available from the shaft kilns. The Alvarado, California, factory for some 25 years 
used a multiple-hearth kiln to supply nearly half of its lime and COz gas needs by 
reburning sun-dried waste lime, Equipment was also provided for the direct drying 
and calcining of fresh carbonation filter cake, The Mendota. California, factory was 
constructed in I963 with a large rotary kiln as its only source of lime and COz gas, 
reburning dewatered fresh carbonation cake plus a makeup of waste lime from 
other factories. 

Experiments are under way at present on the briquetting of was* lime so that 
it can be calcined in shaft kilns (8). 
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Rolory kiln. This consists of a cylindrical shell lined with refractory brick, 
mounted at an angle of 3 ' to 5 on trunnions and mechanically rotated (see Figure 
17-12), The internal diameters ofcommercial rotary lime kilns range from about 5 
to 13 ft, and the ratio of length to diameter ranges from about 30  to 40 (13). Typical 
criteria for size vs. capacity are 120 to 150 cu ft of volume per ton of lime produced 
per day from lime sludge (24). 

Figure 17-12. A 105x275 It ro. 
rary kiln designed for calcining 
precipitated CKO, sludge. Cour. 
lrry Fidlcr Corn pan y /Gcncro  I 
Amrrfcan T.mnrpmlorion Cmpora- 
lion. 

The raw material is fed into the upper end of the kiln and flows slowly toward 
the lower end under the influence of the slope and rotation. Heat is supplied by a 
burner at the lower or discharge end and travels counter-cument to the charge under 
the influence of an induced draft fan or compressor, protected by gasxrubbing 
equipment, which withdraws the product gas at the feed end. About the upper 40% 
of the kiln's length is occupied with preheating the charge and the next 55% with 
calcining (38). Only about the last 5% is available for cooling. hecause of the prox- 
imity of the heat source to the point of praduct discharge. Thus the product lime 
may leave the kiln at about 2000 "F (38). Mast rotary lime kilns are therefore equip- 
ped with some sort of auxiliary heat exchanger to cool the product and 
simultaneously preheat the secondary combustion air (14,38). 

Heat transfer in the calcining zone o f a  direct-fired rotary kiln is almost entire- 
ly by radiation and in the preheating zone it is mostly by convection and conduc- 
tion. T o  improve the efficiency of the preheating zone there is usually provided 
some sort of packing or baming to increase the contact ofthe feed with the hot gases 
and gas-heated surfaces (14,38). 

Kilns designed to handle a wet feed, as from dewatem3 carbonation cake, may 
be equipped with loosely draped chains as part of the packing to provide additional 
heat transfer surface. 

Successful heat transfer in the calcining zone requires a long luminous flame, 
a dust-fret aunospherr, and a rolling bed of calcining solids. Absent any of these 
conditions. a rotary lime kiln will be unsatisfactory in cffciency, capacity and prod- 
uct quality, 

T h e  desired luminous flame conditions are obtained by proper burner and 
hood design and operation. These should be such that the supply of primary air is 
minimized while the secondary air flows as a laminar sleeve around the flame, being 
gradually diffused into it and thus gradually used up by the combustion as the flame 
procecda into the kiln. 



WASTE LIME RECLAMATION 585 

The necessary rolling bed and absence of dust when burning limestone in a 
rotary kiln are brought about by feedimg a nondccrcpitating stone of relatively 
uniform sizing and not larger than 2 in. or smaller than 0.25 in. in average length; 
also by proper rotational speed of the kiln, usually between 1 and 2 'pm. 

Such proper bed and dust conditions when calcining sugar-factory waste lime 
arc not easily achieved. This material is, of course, a fine precipitated chalk mixed 
with organic and inorganic impurities from the beets. When damp, ahout 30% 
moisture, it readily assumes an angle of repose of 90 ' or more. When dry or partly 
calcined it can be very dusty, and when agitated it may form a fluid-like bed with 
almost no angle of repose. Calcination in a rotary kiln under such dusty and fluid 
conditions would be virtually impossible. 

T o  resolve this dilemma it is necessary to cause the waste lime to agglomerate 
into nodules ofthe optimum size for r a t a 7  kiln work; Le., 0.25 to 1 in, in diameter. 
This is accomplished by maintaining a high temperature at the end of the drying 
zone and by adding a fluxing substance to the feed such as soda ash. Excess draft 
with some sacrifice in combustion efficiency may he required to produce the proper 
temperature pattern. 

The optimum rotational speed for calcining waste lime may he slower than the 
optimum for calcining l ies tone.  

The advantages of a rotary kiln for waste l i e  rehuming are: 
1) Fuel economy is moderately good when equipped with an aippreheater, 

lime cooler (14,38); probably about 50% (16). 

2) Maintenance problems are relatively uncomplicated i.e., there is only one 
burner location, the refractory layout is uniform and is largely secured by wedging 
without mortar, and the control system is relatively simple. 

3) The nodulized product is relatively easy to handle, slake and grind for Stef- 
fen use. It resembles pehhle lime, but is softer. 

Disadvantages of the rotary kiln are: 
1) Control of the temperature pattern needed to produce nodulization. 

simultaneously with the optimum degree of calcination, is critical and difficult. 
Very uniform operation is required to maintain such control. The pattern can be 
disturkd by variations or interruptions in feed rate. firing, draft. kiln rotation, and 
feed composition. It is sometimes difficult and timeconsuming to re-establish the 
optimum pattern, once it is disrupted. 

To minimize this problem large storage bins or tanks must be provided for the 
kiln feed and the product, the kiln draft must k completely protected from varia- 
tions in gas flow to the carbonation, and all equipment and controls associated with 
the kiln must be subjects of a g o d  preventive maintenance program. 

2) The investment cost is high as compared with a shaft kiln, hut the shaft 
kiln alone will not reclaim waste lime from its natural state. The combined invest- 
ment cost o f a  shaft kiln and hriquetting equipment for waste lime, if the latter can 
be worked out. may not be very different from the cost of a rotarykiln plant. 

3) The C o r  content of the gas product when calcining waste lime at 35% 
moisture is low; 16 to 7.096, requiring larger or more elaborate carbonatora, snub-  
bers, and gas compressors than for a shaft kiln. 

Multiple Hearth Kiln. Figure 17-13 shows a cutaway new of a modern 
multiple-hearth kiln. It is a vertical cylinder lined with refractory and containing a 
multiplicity of horizontal hearths or trays made of refractory brick. These are 
designed to be slightly conical in shape to  make them structurally self-supporting. 
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Figurc 17.1s. Multiplc 
BFP C.npo,ti." 

Harth  Kiln. 

There is a central air-cooled metal shaft carrying a set of rotating rakes or rabble 
arms for each hearth. These arms may also be air coaled. The rabble teeth are so 
pitched that they rake the charge in opposite directions in the successive hearths. 
Thus on the top hearth in the illustration the incoming raw feed is raked toward the 
pcfiphery where it discharges through a port hole onto the second hearth. Here it is 
raked toward the center where it discharges onto the third hearth, and so on. 

The lower hearths are each equipped with a number of burners. usually for 
gas firing. Both primary and secondary air are admitted at each burner. This makes 
it impractical to exchange heat between the calcined product and the secondary air, 
so this source of heat economy is usually sacrificed in this type of kiln. The calcined 
product leavcs the kiln from the bottom hearth at the calcining temperature and 
must be cooled by some type of air- or water-cooled heat exchanger for process use. 

The upper hearths are not equipped with burners and serve as the preheating 
zone. 

The product gas leaves the kiln through a large port in the top hearth. If the 
gas is to bc used in the carbonation, scrubbing equipment and a compressor arc pm- 
nded. 
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Design criteria for the multiple hearth kiln will usually he based on effective 
hearth area per unit of feed or product. The effective area of each hearth is the rab- 
ble area, and will be on the order of 70% of the hearth area. A round-number ratio 
of effective hearth area in $9 ft to tons of lime produced per day is 25:l; cg . ,  assum- 
ing 12 hearths in a 22 ft, 3 in. d i m  kiln with about 3000 sq ft ofeffective area, pm- 
ducing 120 tons of lime per day from oyster shells (24). A somewhat higher ratio 
may be needed for the calcining of damp waste lime. 

Industrial kilns range in diameter from ahout 4 to 22 ft and from 4 to 17 in 
number of hearths (24). Structural considerations for the self-supporting refractory 
hearths put a practical limit of 22 to 25 ft on the diameters of these kilns. 

The advantages of the hearth kiln are: 
I )  The precise temperature pattern is easily designed and controlled by the 

placement and throttling of the burners. 
2) Precise control of the kiln atmosphere is likewise easily designed and con- 

trolled hy means of the secondary air flows and it can even he made oxidizing in one 
part of the kiln and reducing in another part, if necessary. 

3) The rabbling action is very gentle and does not, for example, tend to 
fluidize waste lime during calcining. This action is not sufficient to agglomerate the 
waste lime, even with the addition of soda ash, but agglomeration is apparently un- 
necessary in the absence of any  tendency to break down or fluidize the waste lime. 

4) Heat transfer is largely by conduction through the rabble teeth and is not 
as affected by dusty conditions as in a rotary kiln. 

5 )  The temperature pattern and proper ratio of fuel to charge flow are simply 
and precisely controlled by separate automatic temperature controls far each fired 
hearth. The kiln thus keeps itself adjusted to changes in the charge flow. 

6) Starts and stops are easily accomplished. 
Disadvantages are: 
1) A low thermal efficiency. probably comparahle to a rotary kiln without a 

heat-reclaiming aftercooler; i.e., about 30% (17). 
2) A low COX content. about I5 to 20% when calcining waste lime at 30% 

moisture, requiring large or elaborate carbonators and large scrubbers and com- 
pressor. 

3) A high investment cost, similar to a rotary kiln of equal capacity. 
4) Relatively high maintenance cost due to the complexity of the burner 

5) The maximum available size is limited to ahout 100 tons of CaO output 
system, controls, and refractory work. 

per day. 

Technolow of Reclaiming Waste Lime 
Following are some of the important factors to k recognized in considering, 

planning, or operating a system for reclaiming waste lime. 
Composition: Waste lime, of course, consists of the precipitated CaCO3 chalk 

from the carbonation, plus the nonsucroses removed from the b e t  juice in carbona- 
tion. plus any filter aids that are discarded with the waste lime. Included in the b e t  
juice nonsucroses that reach the waste lime is all the field dirt and sand from the 
beets that gets into the diNnsion juice. Table 17-2 shows a typical analysis of waste 
lime and of calcined waste lime. 
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Profierlies of Calcined Waste Lime. Properly calcined waste lime; i.e., soft- 
burned and not underburned, is light yellow in color and contains no black or 
gr,ayish evidence of incomplete combustion of the organic matter; nor does it COW 

tam hard burned cakes or nodules that will not crush easily. It is much more effcc- 
tive for Steffen work per unit of CaO content than lime made from limestone. 

The higher concentration of inorganic impurities in reclaimed waste lime a p  
pears to have no important chemical effect on either its Steffen or carbonation uses. 
They are all relatively insoluble under the alkaline conditions of these processes. 
They do have an important physical effect, however, in that they create an added 
solids load which must be reckoned with in the conveying, grinding, settling and 
filtering operations of these processes, Furthermore the settling and filtration rates 
may be reduced, especially if the lime is high in colloidal or combined SiO2. 

Tahle 17.2 T y ~ i r a l  Analysis of B C C ~  Factory \(.me Lime and 01 Calciiid \VPI(C Lime 

Waste Lime 
(Dry Basis) 

Calclncd 
1varte Lime* 

47.58 
1.62 
0.08 
0.18 
0 16 .... 

39. I 7  

83.77 
2.85 
0.14 
0.32 
0.28 

I 2.00 
Organic and untlele~mined 5.16 I - ~ 

Total 100.00 100.00 

Tompufcd from waste lime analysis at 2% ignition loss, which i s  P lypical value 
of goad soft-burned reclaimed lime. 

Inorganic impun'fy buildup. The inorganic impurities will, of course, continue 
to build up in a recycling system of waste lime reclamation since they are cantinual- 
ly augmented by inorganic constituents of the beets and process water as described 
previously. Some form of blowdown and makeup of the lime supply must therefore 
be provided. The percentage of blowdown required is easily estimated by a material 
balance computation based an the analysis of the waste lime and the material 
available for makeup, If "virgin" waste lime is used for makeup, about 20% 
blowdown may bc required to maintain a reasonable CaO content of 80% in the 
calcined product. 

Sources of makeup. A logical source of makeup is virgin waste lime, as sug- 
gested above. Established factories may have many thousands of tons of this 
material stockpiled as a waste product. At 20% makeup rate such stockpiles may 
provide many years of supply to a waste lime reclaiming plant. 

The addition of crushed limestone to the feed of a lime reclaiming kiln seems 
on the surface to be a reasonable way of making up, but it is unlikely to prove suc- 
cessful. Unless such limestone is of very porous nature, it is not likely to calcine 
satisfactorily in the timetcmperature pattern required to produce a good, soft- 
burned product from beet-factory waste lime. Finely pulverized ordinary limestone 
might work but is likely to be very expensive. If seriously considered it should be 
tried in practice. preferably in full scale, as it could interfere with nodulization in a 
rotary kiln or have other unexpected bad effects. 
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Making up with purchased quicklime or with quicklime hauled from another 
factory thal has surplus kiln capacity may be a more economical and satisfactory 
method. Some saving features are: 1) Less blowdown and makeup will be r e q u i d  
than with virgin waste lime because of the higher purity of the makeup. 2) Fuel cost 
at the lime reclaiming factory is reduced. 3) Freight cost per unit of CaO hauled in 
quicklime at over 90% CaO is apt to be much less than in hauling limestone at 50 to 
55% CaO, or damp waste lime at 30 to 40% CaO. 4) In a Steffen factory imported 
quicklime makeup can be used entirely in the slaker for wet lime addition. The full 
high efficiency of the reclaimed lime for precipitating sugar can then be realized by 
using it entirely for the dry lime addition. 

Eflecf oJ organic impurifics. These are available as fuel for the reclaiming 
operation. Kiln design and operation should allow for their combustion by pm- 
viding sufficient secondary air. Such cornbustion will occur in the late preheating 
and early calcining zones under proper operation. As much as 45% of the total fuel 
requirements for drying and calcining in a reclaiming plant may be provided by the 
organic matter in the waste lime itself. 

Pkysicol nature of mmtc lime. Its physical properties at various moisture con- 
tents must be well recognized in designing and operating a reclaiming system. At 
moisture contents of 50% or more. it can be handled as a fluid. Carbonation cake 
direct from the filters at 50% moisture will puddle if agitated, and can be pumped. 
At moisture contents from a b u t  35 to 45%, it is a sticky putty which can be han- 
dled by screw conveyors. Between about 25 and 35% moisture, it is friable and 
relatively nondusty. It can be handled in this condition by front-end loaders, bucket 
elevators, and belt conveyors. It will slide down properly designed chutes. It arches 
readily, however, and will not handle well in bins or tapered chutes and transitions. 

Below 25% moisture content, it is dusty and at very low moisture content it is 
easily fluidized and difficult to handle. Practical logistics dictate that the moisture 
content of the kiln feed will be 20% or more. Waste lime from carbonation may be 
pumped to the reclaiming plant at 50 to 60% moisture and dewatered to 35 to 40% 
by centrifuging before being fed to the kiln. Sun-dried waste lime may be harvested 
at 20 to 30% moisture to avoid unreasonable handling problems and fed to the kiln 
in that state. There will, therefore, be a substantial drying load in a waste lime 
reclaiming operation and kiln capacity should be provided accordingly. 

Generation of dust in the kiln will be considerable as the feed approaches 
dryness, even under the best agglomerating conditions. In fact as much as 30% of 
the fmd solids may be entrained by the kiln exhaust gas. Scrubbing equipment 
should be designed accordingly. This entrainment is likely to takc care of all the 
blowdown requirements and perhaps an unwanted additional waste. Supplementary 
equipment to reclaim and recycle a portion of the entrained dust may be required. 
This could takc the form of a small settler for the scrubber waste water or a dry 
cyclone ahead of the scrubbing equipment. 

Lime Milk Manufacture 

For use in the carbonation or for “wet lime” in the Steffen process, the 
quicklime is converted into an aqueous slurry called “milk of lime.” This is actual. 
ly a suspension of calcium hydroxide which is formed by the reaction between 
quicklime and water: 

56 18 74 
CaO + H?O*Ca(OH)? + 15.5 Cal (8) 
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This is performed in an apparatus called a slaker. which is designed to agitate 
a mixture of quicklinle and hot water or hot sweetwater, composed of carbonation 
filtrate and washings, in order to promote the above reaction. There are various 
designs of slakers, but a common one is a horizontal drum mounted on trunnions 
and equipped with an internal broken-flight helix or spirally mounted paddles. The 
ends are annular or conical and serve as weirs to cause liquid retention in about 
25% of the total volume of the drum. Commonly, the lime and liquid are fed in 
together at one end while the scroll or paddles agitate the mixture and finally 
discharge any unreacted solids at the other end. The milk of lime slurry overflows 
the annular weir a t  the far end and both it and the unreacted solids fall upon a cylin- 
drical coarse screen attached to the drum which separates the two. The screened 
solids at this point are considered to be waste and the liquid slurry contains the 
Ca(OH)? for further use in the process. 

Annis (1) suggests that the drum should be rotated most of the time in the 
direction such that the paddles throw the solids backwards: and should then be 
reversed for five minutes out of each hour to discharge the dross. Alternately, the li- 
quid and solids can be fed at opposite ends and made to flow countercurrently 
through the drum, The  unreacted solids can then be discharged in a drained condi- 
tion without screening, and the slurry can be discharged unscreened by overflowing 
at the opposite end, 

As to sizing of the slaker drum, Silin (35) suggests a criterion of0.5 cu m total 
volume per 100 metric tons of beers sliced per day. This would he about 16 cu ft 
per 100 short tons of daily beet slice and appears to agree closely with practice in 
N o h  America. A StetTen factory preferably should have slaking equipment OF SUIT- 
cient capacity to operate as a straight house, even though only about one-fourth of 
such slaking capacity is needed for Srcffen wet lime. Delays and breakdowns do oc- 
cur in the Steffen process. during which substantial savings can be realized if milk of 
lime is provided for the factory to continue operating as a straight house. 

The liquid from the slaker contains the dissolved and suspended Ca(0H)Z. It 
wi:l a h  writain some sand-like particles 01 uncalcined limestone, unreacted lime, 
brick spall, unburned coke, and impurities. These should be removed by further 
screening or classifying. Vibrating screens with 30mesh media, hydrocyclones, or 
mineral rake classifiers or screw classifiers are commonly used for this purpose. 

A storage tank with s t imr should bc provided between the classifier and the 
lime milk pumps to the process. The recommended surge capacity ofthis tank is 30 
minutes supply of lime milk or more ( I ) .  Its purpose is threefold: 1) to buffer the 
kiln from variations in the lime demands of the process and 2) to provide 
capacitance in the control of the Ca(OH)? concentration ofthe lime milk. This con- 
centration should be held constant to the greatest practial degree to facilitate ac. 
curate control of the  carbonation or Steffen processes as the case may be. 3) T o  p r o  
ride additional time for aging or slaking which increases the effective surface area of 
the hydrate. The German i n d u s q  regularly provides retention capacities ofan  hour 
or more. 

Automation of the slaking operation is usually by the following scheme: A 
level detector in the lime milk su%e tank starts or stops the lime drawing 
mechanism of the kiln and also the flow of sweetwater or water to the slaker. The 
flow rate of liquid is preset to give a Ca(0Hh concentration greater than is finally 
wanted in the lime milk. A liquid density meter, continuously monitoring the con- 
tents of the surge tank, controls a secondary flow of sweetwater or water to the tank. 
This t r i m s  the lime milk density to that corresponding to the desired Ca(0Hh con- 
tent. Milk of lime for the bcct-sugar factory is usually standardized at about 30 * ap- 
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parent Brix when made with 10 Brix sweetwater, or at about 20 Brix when made 
with plain water, giving, in either case, a CaO content of about 10%. 

Technology of Lime Milk Manufacture 
It is important to remember that milk of lime is not a liquid reagent, but 

rather a liquid suspension of a solid reagent. The solubility of Ca(OH)1 in water is 
very low, and its solubility decreases with increasing temperature. Its solubility is in- 
creased by the presence of sugar because of the formation of saccharate - a loose 
compound of sucrose with CaO (33). Table 17-3 shows the solubility expressed as 
weight-% CaO at various temperatures and concentrations of sugar (12). 

Table 17.3 Solubility 01 Lime in Water and Sugar Solutions (g caO/1oOg Saturated 

10 0.155 
25 0.122 1.40 2.65 4.08 
40 0.106 
60 
80 

100 

0.088 
0.070 
0.054 

0.19 0.23 0.87 

Obviously at operating temperatures of ahout 80 "C. over 98% of the l i e  is in 
the solid phase in a milk of lime containing 10% CaO and 10% sugar. Silin (33) 
pints out that even in the dilute conditions ofcarbonation at 2% CaO on juice, on. 
ly about an eighth of the CaO added can dissolve directly. The remainder must 
either react directly in the solid or colloidal phase, or must await the removal of 
lime from solution by the carbonation reactions before it can enter the solution 
phase. 

T o  perform its task elfectively the solid phase in the lime milk should be finely 
dispersed and have a high surface area per unit of weight. The design and operating 
conditions of the avenge beet-sugar factory's slaking equipment are well suited to 
the production of this type of lime milk; however, both designers and operators 
should bc aware of the technology of good slaking practice and the pitfalls to be 
avoided. Stowell (37) and Boynton (18) have written excellent reviews of this subject 
and a brief summary of the factors important to beet factory work are given below. 

Good sloking conditionr are characterized by vigorous disintegration of the 
quicklime stones or pebbles. This is caused by the change in crystal structure and 
also by the boiling of the slaking water within the lime particles as the heat of reac- 
tion is evolved. There is a substantial increase in solid particle volume during slak- 
ing, not only because the total weight of solids is augmented by the reacting water, 
but also because the absolute density of the Ca(OH), (2.2 sp gr) is much lower than 
that of CaO (3.32 sp gr). This literally explodes the solids into the desirable, very 
fmely divided state. In addition, there is considerable evidence that hydrated col- 
loidal micelles oftbe type [Ca (OH)?n(H20)]. are formed, increasing the tendency of 
the solid phase to remain in suspension (37). 

The proper conditions tbat produce the above type of slaking in making milk 
of lime are: a medium soft burned quicklime; a temperature in the slaker of 90 to 
1OO'C; a suflicient supply of slaking Liquid so tbat the solids M completely im- 
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mcrsed at all times; ample agitation so that the submerged solids are constantly 
turned and not allowed to lie dormant at any time; and the presence of sugar in the 
slaking liquid. 

Water burning results when a starvatian of slaking liquid occurs, as from in- 
complete immersion of the slaking solids or inadequate agitation. It is caused by 
local overheating at centers where there is insufficient opportunity for the heat of 
reaction to dissipate. This results in the formation of an inactive gritty substance 
similar in properties to dead-burned lime. It is commonly known as "water burned" 
lime. According to Stowell. there is some evidence that this substance may be a 
compound of the formula, CaO . Ca(OH)1, hut it may also h a dense form of 
CaO that is produced by a reversal of the slaking reaction, which occurs at 580 "C. 

Silin (35) and Schneider (32) point out that another had consequence of local 
overheating is the caramelization of the sugar in the sweetwater used for slaking. 

Water burning may be hard to avoid when slaking extremely active soft- 
burned quicklimes, and in Such cases hard burning may yield a wet hydrate with 
more surface (19). Therefore in same rare cases, Le., with limestones that produce 
extremely "hot" lime when Soft burned, a non-Steffen factory may find it advan- 
tageous to hard hum the lime to a moderate degree. 

Drowning results when the slaking liquid is present at low temperature and in 
excessive amounts. The rate of slaking and the vigorous physical action described 
above are reduced. The surfaces of the  lime particles became hydrated, hut tend to 
become impervious to water penetration to the interior. and incomplete or delayed 
slaking results. The remedy is to use hotter water or sweetwater. to reduce the flow 
of water or sweetwater to the slakcr, or to t 7  to make softer-burned lime. 

Both water burning and drowning conditions may result in the rejection and 
waste of potentially useful lime by the grit separating equipment. In addition, either 
of these conditions tends to reduce the specific surface of the hydrate. This is il- 
lustrated by the work of Stalcy and Murray (l9,27,36) who compared the specific 
surface of d 7  lime hydrates produced under normal and abnormal conditions. 
shown in Table 17-4. 

Table 17-4 Method of Hydration 

Surface area of 
hydrate, sq m/g Method 01 Hydnt ion  

Slaking under cold condition> (5%) .  ice added 6.67 
8.05 

Slaking wilh 2% sugar solulion 3 7 - 4 6  
Slaking with ethanol solution 8 6 . 4 6  

Hgdrnling With steam at 113T 
Normal slaking (exes3 w a l ~ r .  boiling conditions) 13.32 
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Chapter XVlll 

THE STEFFEN PROCESS' 

Sucrose will, under proper conditions, form insoluble products with the 
hydroxides ofharium and strontium and with the oxide ofcalcium. Hence, by prop- 
erly treating beet molasses with one of these reagents and filtering, most of the 
sucrose can be retained in the filter cake while most of the nonsucrose is left in the 
filtrate. The sucrose-containing precipitate can be decomposed by carbonation, form 
ing an alkaline-earth carbonate that can he filtered ON, leaving the sucrose in solu- 
tion. The latter can then be recovered in pure form by crystallization. 

This process, when employing calcium oxide, is widely practiced throughout 
the industry for recovering sucrose from beet molasses. In America it is called the 
SteIT.cn process after its inventor, Carl Stelfen (14). 

The practically sugar-free filtrate from the S1eN.n process can be used for the 
recovery of monosodium glutamate and fertilizer-grade potassium sulfate or it can 
be used as a stack-feed supplement. either in mixed feed or as an additive to the beet 
pulp before drying. In either case it is first partially refined by carbonating with COz 
gas and settling or filtering to remove lime; then concentrated to about 60% solids 
by multipleefiect evaporation. 

Choice of Reagent8 for Sum- Precipitation. Apparently the eKkiency of 
the reaction increases with increasing atomic weight of the elements in the alkaline. 
earth group. Thus magnesium. and prohahly beryllium. oxide and hydroxide. will 
not precipitate sucrose to any appreciable extent. Insoluble lime-sucrose products 
are well known and readily prepared. but the practical use of the reaction requires 
unusually active calcium oxide and carefully controlled conditions. Strontium and 
barium in the hydroxide form will produce the desired insoluble products with 
sucrosc under much less exacting conditions; the recovery of sucrase is not as good 
as with calcium oxide. but the separation from the molasses non~ucrose is more 
complete. Practical consideration, however. dictates the use of calcium oxide in 
most cases. Calcium oxide, or quicklime (CaO) is much less expensive than strontia 
and haryti. Calcium ion is nontoxic, whereas strontium and barium ions are 
poisonous. The factory requires lime for carbonation in any event, and in the Stef- 
fen process the lime gives double service in recovering the molasses sucrose and 
purifying the diNusion juice. 

Outline of the Steffen P r a a s .  Figure 18- I is a flow diagram to supplement 
the description. 

1) The molasses is diluted with water to produce a solution containing 5% to 
12% sucrose. 

2) Finely powdered CaO is added to this solution with agitation. The  amount 
of CaO used is generally 100 to 130% of the quantity of sucrose present, or 6 10 8 
moles of CaO per mole of sucrose. Heat is liberated during this reaction, and the 
temperature is held down, preferably helaw 18" C, by mechanical cooling. 

3) The mixture is now filtered. Under good conditions. about 90% of the 
sucrose will be found in the washed precipitate ("cold-saccharate cake"); the re- 
maining 10% passing through with the filtrate. About 65% of the nonsucrose from 
the molasses also Stays in the filtrate. 
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Figure lul. Stcffrn p m a  

4) The filtrate is now heated to ahout 90' C. A precipitate forms which is 
removed by settling and filtration. The washed precipitate ("hot-saccharate cake") 
contains ahout 6.596 of the sucrose originally present in the molasses. The remain- 
ing 3.5% of the molasses sucrose, and 65% of the nonsucrose are contained in the 
final filtrate, which is discarded, or concentrated for monosodium glutamate pro- 
duction or for use as a food supplement or dried-pulp additive. 

5) The two filter cakes are dispersed in an approximately 10% sucrose liquor 
(sweetwater from the factory) and heated to about 85' C. This ("saccharate milk") 
mixture is proportioned into the factory carbonation, along with the raw juice from 
the beets, replacing the milk of lime used in a non-Steffen sugar factory. 

6 )  Ir. L!C i;;bon::ion the combined actinn% of elevated temperature, carbonic 
acid, and the acidic constituents and sucrose of the raw juice cause the lime-sucrose 
products in the saccharate milk to decompose. The resulting products are dissolvd 
sucrose, some dissolved nonsucrose and lime. The latter serves as the purifying 
agent for the raw juice and, under proper conditions, probably also eliminates a por- 
tion of the nonsucrme from the saccharate, as will k discussed later. The syrup 
from the saccharate commingles with that from the raw juice and proceeds to the 
evaporators and sugar end. 

Under good conditions only about 20% of the nonsucrow from the SteNenized 
molasses may ultimately reach the thin juice, along with 96% or more of the 

Equipment  for  the Steffen Process. As can he seen from Figure 18-1, the 
essential units for the Steffen process are 1) a molasses solution mixer, 2)  a 
refrigerated precipitating unit, 3) cold saccharate filters, 4) a cold filtrate heater, 
5) a hot saccharate clarifier. 6) hot saccharate filters, and 7) a saccharate mixer. 
The equipment used far each of these operations will be discussed. 

Batch Cooler. The classical and still widely used unit for the precipitation 
operation is the batch cooler, which is illustrated in Figure 18-2. It consists of an 
open, calandria-equipped tank, with a propeller agitator in the calandria well. In 
some units there has h e n  installed a fixed and a rotating screen of ahout 6 meshes 
per inch in the well, to increase the intensity of the shear-mixing. The calandria 
chest is supplied with cold water or other refrigerant. Above the tank are mounted a 

sucrosc. 
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Figure IgZ. Thc bsfrh cooler. 

molasses scale, a solution-mixing tank, and a lime fecder. A lime-spreading disc is 
often mounted on the propeller shaft above the liquid level. The powdered lime is 
discharged onto this disc which casts it over a broad area of the moving liquid sur- 
face. The cooler tank has a bottom discharge equipped with a shutoff valve, which 
is connected to the supply t ank  for the cold saccharate filters. To operate the cooler, 
a charge of molasses is weighed into the solution-mixing tank, usually one-half to 
one ton, and diluted to the desired degree with water. The charge of cooler solution 
is then run into the cooler. 

While the cooler is being filled with molasses solution, the proper quantity of 
lime is weighed out and dumped into the hopper of tbe lime feeder, As soon as the 
cooler is ready, the lime feed is started. The feeder is set at such a rate that the solu- 
tion temperature never rises above a predetermined value, usually 13 to 18 C. The 
admission of the lime requires 10-20 minutes. 

When all the lime has been added. the operator filters a sample of the mixture 
and determines the approximate solids content of the filtrate by means of a Brix 
hydrometer. This gives a rapid indication of the ellectiveness of the sugar precipita- 
tion, enabling him to adjust the amount and rate of addition of lime to the batch, OT 

to succeeding batches, for maximum economical recovery without having to wait 
for a laboratory analysis. 

If the hatch is satisfactory the discharge valve is opened, the product discharg- 
ed to the filter supply tank and the cycle repeated. 

The batch cooler operation is readily automated by the addition of modern 
provam controls so that it will cycle without manual attention. 

Spreckels Continuous Saccharate Process. This is a system which perfoms 
the work of the batch cooler in a continuous operation. I t  is illustrated schematical- 
ly in Figurr 18-3. 

The dilution of the molasses may be performed batchwise in a solution mixer 
as in the normal hatch process. A charge of molasses, usually 1 to 1.5 tons, is 
weighed out and dropped into the mixer. Next a quantity of milk of lime equivalent 
to about 22% CaO on the sucrose in the molasses is dumped in from the lime- 
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measuring tank. The agitator is started and cold water is added to a predetermined 
level to produce a solution of predetermined concenwation, say 6-9 grams of sucrose 
in 100 ml. The batch of solution is discharged to the solution storage tank and the 
mixing cycle repeated. In a modern installation (6a) this stage of the process is per- 
formed continuously. 

The solution is pumped continuously through a refrigerated heat exchanger 
which cools it to about 5 ' C. It now passes to a constant-level tank which overflows 
back to the storage tank. From the constant-level tank the refrigerated solution 
flows through a regulating valve to a funnel-shaped vortex pot, which is shown in 
Figure 18-4. The constant head supplied by the constant-level tank provides for a 
very uniform rate of flow of solution to the vortex pot. 

F '8' u. VC Po' I eimu1r Id. 

Entering the pat tangentially, the whirling solution farms a vortex with a 
foam-free surface. This makes an ideal condition for the necessary rapid wetting of 
the powdered quicklime, which is fed uniformly into the vortex. 

The mixture of lime and dilute molasses now passes through a specially 
designed mixing pump which produces the necessary fine dispersion of the lime and 
pumps the dispersed mixture to a reaction or curing tank. This tank provides about 
three minutes detention with gentle stirring, allowing the precipitation to hecome 
complete. In order to produce the proper particle size for good filtration a portion 
of the finished product from the reaction tank is recirculated to the discharge line 
from the mixing pump. This provides nuclei on which the newly precipitated sac- 
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charate can STOW. From the reaction tank the product passes to the filter-supply 
tank, or directly to the filter tays. 

The Spreckels process produces highly satisfactory results with a minimum of 
labor and floor space. One operator per shift can easily handle the entire unit as il- 
lustrated, with manual controls, or it can easily be automated to run without an 
operator. 

The efliciency of the process may be still further increased by dividing the 
powdered-lime addition between two stages. In this case the first lime addition is 
made exactly as shown but in a reduced amount, and the discharge from the reac- 
tion tank passes to a second vortex pot, mixing pump, and reaction tank of equal 
size. No recirculation is needed for the second stage of lime addition. Best results are 
obtained by adding 70% ofthe powdered lime in the first stage and 30% in the sec- 
ind stage. 

R.T. Continuous Sucrate Process'. This author's description of the process 
in SUGAR TECHNOLOGY REVIEWS is repeated below with minor changes: 

This process was developed by Vandewijer (16a) for the Raflinerie Tirlemon- 
toke in Belgium, hence the name "R.T." The first industrial plant was installed at 
Tienen and was tested during the 1971 campaign. A second installation was made 
at Origny. France in 1972. Installations have followed in Iran, Italy, Morocco and 
Japan. The first North American installation, at Tracy. California. began operating 
in 1975. 

Pieck and Vandewijer (Sc) have described the 1972 version of this system in 
considerable detail. Figure 18-5 is a correct orientation of the flow sheet that ap- 
pears in that reference. 

Following the usual calcining and grinding A, the powdered quicklime is 
transported pneumatically to a storage hopper and metering scroll B. Molasses 
storage and weighing are shown at C ,  and the continuous dilution and wet  prelim^ 
ing at D. 

.. -. . 

Figurr 1B5. The R. T. Continuova Sucrate Proceu. court- of Raffincric Tirlemontoiw. 

!See nfs. (4e,Sc,16a,16c) 
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The reactor E is a U-shaped trough equipped with paddles mounted on a 
horizontal shaft to provide gentle agitation. I t  is designed to provide about 20 
minutes detention. From the discharge end a recirculating pump withdraws about 
five volumes of throughput and forces this stream through a refrigerator F to the 
dry4iming device. This consists of a short trough or flume located beside the reactor 
at ahout % of the distance from the inlet to the outlet of the latter. An overflowing 
stream from the reactor joins the refrigerated stream at the liming trough, making 
the total flow through the latter about 15 volumes per volume of throughput. The 
refrigerator is controlled to maintain a temperature of 13' C in the reactor. 

Overflowing the discharge end of the reactor. the throughput stream passes to 
a decanter G ,  wherein the unreacted lime fractions are separated by sedimentation. 
The underflow slurry is returned to the molasses-dilution stage. where it largely pro- 
vides the preliminary liming in lieu of lime milk. 

The overflow from the decanter passes to horizontal-belt, vacuum filters H for 
separation and washing. Tlicsc arc each equipped with three separate vacuum 
chambers below the belt surface, to provide the desired levels of vacuum for drain- 
ing, washing and dying, and also to permit the separation of the filtrate and wash 
liquors. There are also surface dams above the belt. to enable flooding of the cake 
surface with water during washing. 

A conventional hot-saccharate process is shown on the flow sheet at J .  with the 
thickened hot-saccharate s lur7  being returned to the belt filters. for separation 
together with h e  cold saccharate. 

The developers of the R.T. system claim that its reactor produces a cold sac. 
charnte of unusually good fillerability. enabling not only the use of efficient belt 
filters with a low ratio of active surface to throughput, hut also the processing of a 
more concentrated molasses solution than the other systems. It is said to operate 
satisfactorily with molasses solutions containing up to 12 g sucrasellOO ml. 

Great Western Continuous Saccharate Process (1). The appealing feature 
of this process is the use of conventional hatch-cooler vessels as the continuous reac- 
tom, which enables relatively simple and inexpensive conversion of existing batch 
Stelfen houses to continuous operation. Such conversions have been made as of this 
writing at five U.S. factories. 

The basic nature of the process is illustrated in Fig. 18-6. The molasses to be 
I 
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processed is diluted continuously in mixer 110 and is prelimed to the extent of 
about I .2 moles CaO per mole of sucrose, or 19 CaOllOO sucrose. In the industrial 
installations the preliming is done in a separate continuous mixer. Recycled sac- 
charate slurry from the reactor and recycled underflow from the hot-saccharate 
thickener are generally used far this purpose. Claim is made that the process will 
work successfully with molasscs.solution concentration as high as 8.1 g sucrosell00 
ml. 

From the mixer the solution is pumped continuously through pre-cooler 36 to 
the reactor 124. a conventional batch-cooler vessel equipped with an overflow 
outlet. Some recirculation of the precooled solution may be allowed through valve 
44. Since the industrial installations employ multiple reactor units. these are 
operated in parallel with a weir-splitting device to divide and control the flow of 
solution among them. 

Powdered lime 129 is added at a controlled rate by a continuous feeder. The 
finished saccharate slurry overflows to a surge tank, not shown in the sketch, sup- 

Other continuous process. Schoenrock et al. (1 la) have patented a novel 
system in which the l i e  is pulverized in a non-aqueous liquid medium and is fed 
continuously into the molasses solution as a slurry in the grinding medium. A static, 
pipeline mixer serves as the reactor. When isopropanol is used as the non-aqueous 
medium it is recovered by vapor fractionation coincident with the hot-saccharate 
process. It is claimed also that water-immiscible media can be used and recovered 
from the filtrate by decantation. Claim is made that this process reduces the CaO re- 
quirement to about 80% of that needed with conventional drypinding processes. 

Toth (14b) has patented a reactor which is essentially a modification of the 
Spreckels process wherein the vortex pot and means of agitation have been placed 
within the reaction tank. The agitation is provided by a type of static mixer whose 
energy is supplied by an external recirculation pump. 

As of this writing neither the Schoenrock nor the Toth process has been reduc- 
ed to industrial practice. 

Campariaon of cold-saccharate procews. All of the continuous processes 
appear to offer advantages over the batch process in terms of improved sucrose 
recovery or reduced CaO requirement, better filterability. higher saccharate purity. 
reduced dilution of the filtrate and better adaptability to automation. 

Ofthose which have been reduced to industrial practice. the Spreckels process 
appears to offer the advantages of compactness, low detention time and possibly 
minimal investment cost for a new installation in a warm climate where mechanical 
refrigeration would be required for any of the processes. It does. however, require 
the precooling of the molasses solution to the order of 4 '  C.  

Since both the R.T. and Great Western processes provide for the exchange of 
heat during the reaction they can, like the batch process. operate without 
mechanical refrigeration in locations where a supply of very cold water is available. 

As has been mentioned, the oulstanding advantage of the R.T. process ap- 
pears to be its ability to operate with minimum dilution of the filtrate, and that of 
the Great Western process the opportunity to convert existing batch StelTm houses 
to continuous operation at minimum cost. 

Cold and Hot  Saccharate Filters. Rotary drum vacuum filters have been 
standard equipment for this Service since the 1930's: however horizontal-belt filters 
have now become standard in installations of the R.T. process and are beginning to 
be used with the Great Western process. 

plying the filters. 



602 BEE.I..SUC.AR TEcmomcv 1 The use ofseparate filters for the hot saccharate can be avoided by a modifica- 
tion in flow devised by Cottrell and .lensen (la). The underflow from the thickener 
is mixed with the feed'to the cold-saccharate'filters and the hot-saccharate filters are 
eliminated. Tests by the author have shown that the overall recovery of sucrose is 
less with this modified flow than with seDarate filtration of the hot saccharate. Local 
economic conditions will determine whether the saving in investment and operating 
cost will economically offset the increased sucrose lasses or lime consumption. 

Another variation sometimes practiced is to recycle the thickener underflow to 
the molasses-solution mixer. Although this also eliminates the cost of separate filtra- 
tion, i t  nevertheless must result in either increased lime consumption or reduced 
sucrose recovery. The  excess sucrose in the molasses solution decomposes the 
trilime-sucrose in the hot saccharate, releasing its sucrose into solution. This 
sucrosc, which had been precipitated and made ready for recovery by filtration with 
three moles of C a O  per mole sucrose, must now be reprecipitated as cold saccharate 
which requires six or more moles CaO per mole sucrose. 

A modern Steffen house (6a) using the Spreckels process has an installed 
rotary-vacuum filter (RVF) area of 0.81 m2 per metric ton of daily molasses process- 
ing capacity (TMD) (4e). A Steffen batch plant had 0.90 m? of RVF area per TMD 
(4e). Specifications for an R.T. Sucrate plant called for only 0.10 m? of active 
horizontal-belt filter area per TMD. which would probably require 0.30 0.40 mz of 
total belt area, including ends, pulleys and return surface (4e). 

When the hot saccharate is filtered separately. the installed filter area re. 
quirements will be divided in the range 85.90% for cold saccharate and the balance 
for hot saccharate. 

Cold-Filtrate Heater. The Sbafor continuous heater is widely used. This 
consists of a cylindrical tank with bottom inlet and overflow outlet. Its volume is 
sufficient to provide about 15 minutes detention. Heating is done with a perforated 
coil for the injection of steam or vapor. A propeller agitator recirculates at a rate of 

t i m  of a fast-settling, filterable precipitate. The perforated steam coil tends to scale, 
but this can be remedied in a minimum of shutdown time by shutting off the steam 
temporarily and pouring several gallons of IO% muriatic acid into the steam coil in- 
let, downstream from the shutoff valve. The used acid mixes into the filtrate with 
negligible economic consequences. 

Older designs of cold-filtrate heaters are in use. some consisting of compart- 
mented tanks in which the liquid is heated stepwise by steam injection. Recircula. 
tion of a pan of the heated slurry is usually practiced to improve h e  settling and 
filtration characteristics. 

The final temperature is automatically controlled and is rather critical. The 
optimum point varies with different molasses, lime. and cold precipitation units. but 
is usually near 8 5 O  C. The optimum should occasionally be determined by 
laboratory tests. Below the o p l i u m  temperature. formation of the insoluble lime- 
sucrose may not be complete; furthermore the product becomes more soluble at 
decrcasinq temperatures. Above the optimum temperature the product begins to 
decompose. 

Heating by injection steam or vapor has been standard practice becausc the 
strong scaling tendency of the heated filtrate has discouraged the use of surface heat 
exchangers; however it has appreciable disadvantages. First. the hotmccharate 
precipitate has a certain degree ofsolubility, so that the dilution caused by the injec- 
tion heating results in a proportional increase in the sucrose loss. Secondly this same 

syyyL ^L ̂ ... 4" \ u , u ~ i s  pcr -zit ~f fced. providing the necesarj  seeding for the produi- 
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dilution causes an increase in the energy requirement when recovery of the final 
filtrate by concenvation is practiced. 

Some success has been had with spiral or plate heat exchangers for 
preliminary heating of the cold filtrate to aboui 40'C. which is below the 
lcmperature at which precipitation and rapid scaling begins. The heating medium 
was the hot, fmal filtrate, so that some recovery of its waste heat was effected, along 
with a reduction in the sucrose loss. Some scaling did occur, but i t  was minimized 
by interchanging the hot- and cold-filtrate flows in the exchanger several times daily. 

More recently. Pieck (8b) has patented a scheme far the full heating ofthe cold 
filtrate by stcam or vapor in surface exchangers. The success ofthe scheme, which is 
illustrated in Fig. 18-7. is dependent upon its three basic features: I )  A high(l0:l) 
ratio of recirculation is maintained through the heat exchanger with an intervening 
detention period in two tanks, where the major part ofthe hot-saccharate precipita- 
tion occurs: thus deposition on the heating surface is minimized. 2) Since fouling is 
not completely eliminated, two exchangers are provided which are used alternately. 
3) Since the deposit is mostly sugar.soluble, the cleaning is done by circulating the 
solution from the molasses-dilution station through the idle exchanger. 

The first installation of this process operated in !taly in 1978. 

T4NY OF MOLASSES 
SOLVTION 45 FED 

I u .__.__ ~ _ _ _ _ _ _ _ _ _ _ _ _  i-- _ _ _ _ _ _ _ _  ---.I 
5 0 d / h ,  

Figurn lS7. Pie&'# mptrm for the full heating of cold filtrate in heat rxchangcn. covrta, 01 
Raffinerie Tirlrmontoir. 

HotSaccharatc Thickener. Most U.S. installations use the Dorr multi.tray 
thickener. A typical U S .  installation has a total installed tray area of 0.48 mz per 
ton of daily molasses-processing capacity. One U.S. plant (6a) uses the highly elf- 
cient Enviro-Clear Settler (Id) with an installed area of only 0.058 m2 per metric 
ton. 

Saccharate Miser. This consists of a cylindrical tank, usually covered, equip- 
ped with an overflow outlet, a steam injector, and a stirring mechanism. The sac- 
charate cakes from the filters are conveyed directly to the tank. where they are con- 
tinuously diluted with sweetwater from the carbonation or other filters to the op- 
timum density for factory carbonation, usually about 2 5 '  Brix. The temperature is 
maintained at, or slightly above, the temperature of carbonation. 
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The production of saccharate milk at a uniform CaO content is important far 
goad control of first carbonation. Close attention by the operator to this detail. or 
the use of an automatic density controller to repdate the sweetwater flow. is essen- 
tial. 

! 
Technology of the Steffen Procem 

Chemistry. The chemical basis for the Steffen process is the formation ofin. 
soluble combinations of lime and sucrose. The industry has mistakenly dubbed 
these "saccharates," whereas in English terminology a saccharate is actually a salt 
of saccharic acid. The term will, however, continue to be used hy this author to 
refer to the insoluble industrial products of the Steffen process, Le. cold saccharate 
and hot saccharate. For the true compounds of lime and sucrose this text will use 
the terminology of Soubeiran (13a) and Mackenzie and Quin (6c), i.e. "lime- 
sucrose." 

It is probable that only three lime-sucroses can be formed in the system 
sucrose-lime-water. viz. monolime-, dilime- and trilime-sucrose (6c,7a,8d,8f). It has, 
however, recently been shown (8c) that an alternate form of trilime-sucrose can 
probably be formed in the system sucrose-CaC12-NaOH. This will be discussed 
later. The  probable nature, properties and mechanisms of formation and decom- 
position of the lime-sucroses involved in the Steffen process are summarized below: 

Monolime-sucrose exists in aqueous solutions of sucrose and lime as a true 
salt or alcoholate, CmHmOnCa. It could rightly be called monocalcium sucrate. It 
is highly soluble, at least in the cold, and is also appreciably ionized at low concen- 
trations of Ca(0Hh.  i.e. <O.IN. At higher concentrations of Ca(OHh its ioniza. 
tion is suppressed and it is then probably in equilibrium with dilime-sucrase and 
Ca(0H)z. 

Dilime-sucrose exists in cold sucrose solutions saturated with lime, It is less 
soluble than monolime-sucrose. At temperatures <58"C it is apparently in 
cqiiilibrkm with JUCIUSC and sparingly soiubie triiime-sucrose, with the equilibrium 
shifted toward the latter by increasing temperature. I t  is probably an addition cam- 
pound or adduct of CaO and sucrose with the formula C17Hz2011.2CaO. 

Trilime-sucrose is a sparingly soluble, amorphous adduct of CaO and sucrose 
with the formula C~Hz2011.3CaO. It is somewhat stable in the presence of water at 
elevated temperature. e.g. 85' C,  and also in the absence of water at ambient 
temperature. In water at low temperature, probably < 58 C ,  or in the presence of 
excess dissolved sucrose at any temperature, it dissolves with conversion to an 
equilibrium mixture of dilime-sucrose, monolime-sucrose, Ca(0Hh and sucrose. 

In the presence of water at high temperature, e.g.>9O0C, or at lower 
temperatures in the presence of solid Ca  (OHh. trilime-sucrase decomposes to 
precipitated Ca(OH)? and a liquid phase of unexplored composition. It is likely that 
the latter decomposition is caused by the crystallizing affinity of Ca(OHh, triggered 
by the presence of seed, exceeding the strength of the adduct's coordination bands. 

On  the next page is the proposed reaction scheme for the formation and 
decomposition of the lime-sucrases involved in the Steffen process (4b): 

Vandemjer et al. ( I  6c) found that an insoluble lime-sucrose could be farmed 
in the cold by adding NaOH to a solution ofsucrose and CaCI?. Francotte et al. (2a) 
determined by Raman spectroscopy that this is not the Same substance that is form- 
ed in the cold-saccharate reaction, but is probably an alternate form of tril ic- 
sucrose, namely tricalcium sucrate. C mHw0nCas eHz0. Subsequently, Francotte, 
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5 8 W 5 '  

I 

I 
< 5 8 "  or with 
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+2/3Hz0 >9O"C, or with excess solid Ca(0H)z 1 
2/3CnHm01tCa+4/3Ca(OH)? 

Vandegans and Jacqmain (2b) have studied the system NaOH - sucrose - CaCIz in 
great detail and have concluded that such formation of insoluble C12HlsOnCas is 
the result of a double-ion-exchange in which the exchangeable hydrogen of the 
sucrose is first replaced by Na+, this being followed hy an exchange of the Na for 
C a t + .  

Representing the sucrose by HsR, this study proposes: 

HsR + 4NaOH e N a + H & R  + 4H10 

N ~ H I R  + 2Ca t+=  Ca&R + 4Na+ 

Ca2H,R + 2NaOH =Ca?NalH?R + 2HzO 

CaZNazR + 2Cafi CasHzR + 2Na+ 

Theoriea of Cold Saccharate Formation. The above chemistry does not, so 
far. explain the efficient precipitation of sucrose by lime at low temperature which 
occurs in the Steffen process. The formation of "cold saccharate" when cold dilute 
sucrose solution is treated with powdered quicklime is still not well understood and 
several different theories are currently available: 

a) Dedek (Ib), Waterman and Van Akcn (16d). Harvnann (4a.4d) and 
Gerasimenko (3) have proposed that it is an adsorption process wherein sucrose, or 
more probably dilime-sucrose, is adsorbed upon finely divided or calaidal CaO. 

b) Hungerford (6) proposed that the precipitate is dilime-sucrose which is 
forced out of solution by simple mass action. 

c) Silin (12) believes that the minute particle size of the powdered quicklime 
gives it a super-solubility so that it tends to remain in solution while trilime-sucrose 
is precipitated preferentially. 
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d) Schneider ( I O )  suggests that another trilime-sucrose, different from the one 
precipitated by heat, is formed in the cold-saccharate process. 

e) Golovin et al. (4) suggest that the CaO removes the envelope of hydration 
from the sucrose, or from the monolime- and dilime-sucrose, thus enabling their 
conversion to insoluble trilimesucrose. 

0 The Service Chimique of Raffnerie Trilemontoise (8e) expressed doubt of 
the adsorption theory on the grounds that they were unable to cause the adsorption 
of the soluble lime-sucroses upon such powerful adsorbents as AIz09, fullers' earth, 
Bentonite and colloidal silica. Recognizing that sucrose could be precipitated very 
efficiently in the cold by adding NaOH to a sucrose-CaCIz solution. they 
hypothesized that this was the same precipitate that is formed in the cold-saccharate 
process. Accordingly. they proposed a chemical reaction of sucrose with "nascent" 
Ca'OH. formed during the hydration of the CaO in the cold-saccharate process, to 
yield insoluble C1zHz201~3CaO preferentially to Ca(0Hh. 

g) Francotte et al.. as previously mentioned, determined by spectroscopy and 
subsequent experimental studies that the precipitate fumed in the cold system 
NaOH - sucrose - CaCb is probably an alcoholate of sucrose, into which Ca has 
been introduced by a doubleion exchange requiring the participation of Na+. This 
mechanism is surely different from that occurring in the cold-saccharate process, 
which can readily be duplicated with pure sucrose, water and CaO. 

Francotte et al. further determined (2a) that in the cold-saccharate precipitate 
the CaO molecule appears to remain intact, although the structure of the S U C ~ O S ~  

molecule appears to be appreciably altered. They theorize that it is a polymeric ad- 
duct of CaO and S I I C T O S ~ .  

above, there is little doubt in this author's mind that the cold-saccharate reaction is 
a surface phenomenon. It is well known that the efficiency of S U C I O S ~  precipitation 
by this reaction is directly correlated with the specific surface of the powdered 
quicklime (14a) and is even more dependent on the nature of that surface (44.  

rhus it is found, far example, that a highly eliicient lime powder for this pur- 
pose can be manufactured by calcining the waste lime from the carbonation, which 
consists principally of precipitated CaC03. Such reclaimed lime, although much 
less pure than that from high-quality limestone, has much more specific surface. 
Furthermore, it is also found that any Steffen-effective lime can be rendered virtual- 
ly impotent for cold-saccharate precipitation, without significantly altering its analy- 
sis or other important properties such as slaking rate or ability to purify raw juice, 
by lightly coating its surface with CaCOs. This effect is readily demonstrated by 
dividing a sample of a satisfactory Steffen lime powder, heating both portions to 
about 870' C and then exposing one portion for a few seconds to a stream of COS 
as it cools through redness, while the other portion is cooled in a normal dry at- 
mosphere or in a desiccator. When the two portions are then compared as to their 
abilities to precipitate sucrose as cold saccharate, as well as to their analytical com- 
positions, slaking rate, and other familiar properties, the results will be quite star- 
tling. 

Them is much other evidence to support an adsorption theory of cold- 
saccharate formation (4d,8,15,16), however the experiments of the Tirlemont group 
with adsorbents other than lime (Be) make it clear that this is not the mere physical 
type of bonding that occurs, for example, on the adsorption of helium upon char- 
coal. Rather it must be the type of adsorption ("chemisorption") that occurs 
through a true chemical bonding at the sorbent surface (8a) and therefore rtquires a 
specific magent, or type of magent, as the adsorbent. 

Discussion. Despite the observations and hypotheses reported in 1) and g) 
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The adsorption theory appears not be at odds with the spectroscopic findings 
of Francotte et al., i.e. that the cold-saccharate precipitate has the nature of an 
"amorphous or polymerized substance without well-dcjined sfmcture" in which the 
CaO molecule is intact (emphasis added). 

The mechanism proposed by this author for the cold-saccharate reaction is the 
formation of dilime-sucrose which is adsorbed onto the surface of the properly 
prepared lime powder or a colloidal dispersion thereof, forming the floc which is the 
cold-saccharate precipitate: 

CaO + HO-Ca(OH)2 

Ca(0H)z + CizH1z011-CizHio011Ca + H 2 0  

CizHzoOnCa + Ca(OH)2~C~zHzz0~~.2CaO 

C~zHzoOnCa + CaO + H ~ O - C I Z H ~ Z O I I Q C ~ O  

C1zHzzOn.2CaO + xCa~(C12Hz1011.2CaO). . .xCaO 1 
(adsorption product) 

As to the hot-saccharate process, it is proposed that the residual dilime-sucrose 
in the cold filtrate reacts when heated according LO the previously proposed reaction 
schcmc to form sparingly soluble trilimesucrosc, rcsulting in a filterable yield of 
about 2/3 of the sucrose in the cold filtrate: 1 

3C,~H210,, .2Ca0~2C12H220,1.3CaOI+C,2H*201, 

Practical Aspects of LimhSucroze Chemistry. The need for certain precau- 
tions to assure successful and eficient operation in a Steffen house is readily ex- 
plained and understood in the light of the chemistry and thcory propounded above: 

1. The quality ofthe lime powder is the most important single variable in pro- 
moting eficient sugar recovery. A large amount of calcium-oxide surface, uncon- 
taminated by recombined carbon dioxide, is essential for good results. 

The most critical factors in producing good lime for Stelfen are h e  proper 
selection and calcination of the limestone. Although good grinding is very impor- 
tant, nevertheless it is actually in the calcining that the potential surface of the 
powdered lime is created or destroyed. The  secret is to produce a lime that is fully 
calcined, yet free from the shrinkage that can occur in the kiln, and from the recw 
bonation that can occur either in the kiln or in subsequent handling. The best grind- 
ing available cannot make good Stelfen lime from a kiln product whose internal 
surface has been destroyed by shrinkage or coated by recarbonation. 

The nature of the limestone. bath as to chemical adulterants and physical 
structure, is as important as the calcining technique. These facts are well illustrated 
by Rorabaugh, Orleans, and Norman (9). The selection of limestone and the tech- 
nique of calcining are discussed in detail in Chapter XVII. 

Waste lime from the carbonation when reclaimed by proper calcining and 
grinding has very high spccific surface and makes an extremely eficient reagent for 
the Stcffen process. Reclamation of waste lime is discussed in detail in Chapter 
XVII. 

I 
! 



2. A low temperature must he maintained up to the paint where the cold sac- 
charate is filtered off. This promotes the colloidal dispersion of the lime and im- 
proves the adsorption equilibrium, Generally speaking, the lower the temperature 
the better the sugar recovery. 

3. Immediate agitation is required with the addition of the powdered lime. to 
promote proper dispersion and contact of the reactants. 

4. The molasses solution must he kept free from foam while the powdered 
lime is being added. Foam on the surface of the solution traps and floats the lime 
powder. The floating lumps are slowly slaked by the moisture in the foam. Thus the 
CaO is not brought into immediate contact with the sucrose or lime-sucrose: fur- 
thermore local heating probably occurs during this slaking which is unfavorable to 
the formation of colloidal lime as well as to the adsorption equilibrium. 

5 .  The presence of nuclei during both the cold and the hot precipitation is 
heneficial, hnrh to filtration and IO siicinse recovery. This is a well-known principle 
in all precipitation and crystallization processes. Substances flocculated or 
crystallized in the presence of nuclei of the same substance tend to form an these 
nuclei rather than to initiate new particles. As a result the product so made has a 
larger and more uniform particle size and thus filters more readily. 

In the cold-saccharate precipitation this condition may be produced by adding 
the lime slowly or in steps. i fa  batchwise precipitation is made. If the process is con- 
tinuous, “seeding” may be accomplished by stepwise addition of the lime, or by 
recirculating a ponion of the finished mixture, or by a combination of the two. 

In the precipitation of hot saccharate, proper panicle sire may he produced by 
slow or stepwise heating or by recirculating large volumes of the finished mixture 
within a continuous heating system. 

6. Ca(OHh will react with sucrose under the conditions of the cold-saccharate 
process to the extent of about 1.5 moles CaOlmole sucrose, which corresponds to 
an equilibrium mixture of monolime- and dilime-sucrose. Thus milk of lime can he 
directly substituted for powdered quicklime in the Stelfen process to that extent. i.e. 
24  CaOllOO sucrose, without loss of eficiency in sucrose recovery. 

This enables a considerable saving in many SteNen process installations, 
because milk of lime is easier and cheaper to produce than high quality lime 
powder. Capacity of, and maintenance on the grinding equipment is reduced. 
Stored lime from the lime kiln can he reclaimed in this way without loss of effcien- 
cy. Coarse lime panicles which do not react in the cold saccharate process can be 
recovered by sedimentation and used as milk of lime. 

Lastly, if the lime milk is cooled after hydration a good percentage of the 
heating effect in the cold-saccharate precipitation can be eliminated, and a con- 
siderable saving made in cooling-equipment cost. For this reason the use of lime 
milk in place of a portion of the powdered lime actually improves the sucrose 
recovery in some Steffen processes: notably the Spreckels process. 

7. Variations in proportioning the lime and sucrose result in reduced eficien- 
cy. If the sucrose left in the solution is plotted against the ratio of lime to sucrosc for 
a given cold-saccharate precipitation process. there is found in all cases a hyperbolic 
curve which is characteristic of adsorption processes. Figure 18-8 shows such a 
graph. I t  will be noted from the example shown on this plot that the recovery of 
sucrose per unit of lime used always diminishes when the lime addition is allowed to 
vary. 

i 

1 
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Thus, in thc cxamplc given. a uniform lime addition of I l O %  o n  suurosc will 
reduce the concentration of B U C ~ O I ~  in solution 10 0.84%. On the other hand a lime 
addition which shifts back and forth from 100% t o  120% on sucrose. but averages 
110%. will rcducc thc avcragc conrmvation 01 dissolved sucr~~sc tu only 0.89%. 

Saccharate Purity. Mala- Degeneration. and Diwarda I t  has bccn mcn- 
tioncd that the saccharate precipitates contain some of thc molasscs nunsucrosc.. I t  is 
not porsiblc 10 makc a pcrlcct separation of thc sucrnsc from the molasscs non. 
sucrosc. Somr of thc lattcr is prcripitatcd bv direct rcaction with thc lime nr by ad- 
sorptron, and IO lmomes part 01 the filter cake. Among such substances arc sulfatc 
and phosphate ions. invert sugar, rallinorc. and douhtlcss w c r a l  organic 
ruhstances 

By thc purity of thc saccharate cake is mrant the purity nf thc ayrup it will pro. 
ducc aftcr it has bccn decomposed in the carbonation. This purity is a direct indcx 
of thc dcgrcc of nnnsucrosc climination achieved in the StcNecn process and thc car. 
bonation I t  is usually dctcrn~ined hy treating the saccharate cake with CO? in the 
laborator). filtenny ON thc calcium carbonate sn produccd. and analyzing the re. 
maining s , w p .  

Schvenrock ( I  I )  has shown b) material halances of the molauscs and filtratc 
that thc punty nf the dclimcd saccharate per SI is best  cstrmatcd by dcliming i t  with 
(SH+CO, and rcmoving thc resulting ammonia hv vapor dirplacumcnt hcforc 
analyzing the syrup. The rcrult s o  ohtainnl is rubstanti~lly lower than that given by 
the convcntional CO? dcliming, indicating that in the lattcr method some of thc 
~ O ~ S U C T C I S ~  io rrtaincd with thc prccipitatcd CaCO,. Schoenruuk et al. ( I  I b, 
dcmonstraud that under the conditions of their expcrimcntal carbonation of raw 
juice with saccharate thc (NH.hC09 mcthod bcttcr rcprcscntcd the purity of the 
syrup ultimatcly rclcascd by thc saccharate into thc thin juice. 

Dcgeert ct al (IC) confimcd Schocnrock's findings that the saccharate per re 
contains mnre nonsucrosc than is shuwn by the convcntional CO1dcliming mcthod. 
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however under the conditions of their experimental carbonation the Cog method 
was shown to yield a conservatively low estimate of the purity ofthe syrup released 
by the saccharate into the thin juice. Thus in Degeest's tests there apparently occur- 
red a substantial elimination of the saccharate nonsucroSe during its carbonation 
with raw juice. 

The conflicting results obtained by these two respected authorities may well 
be due to the effect of differing agricultural conditions on the nature of the non  
sucrose, or to differences in their cold-saccharate processes or carbonations tech. 
niques, which were considerable. The  matter is, however, of prime importance to 
Steffen processors. As will be seen, the purity ofthe saccharate as defined in the scc- 
ond paragraph of this section has a direct and powerful bearing on the ultimate 
yield of refined sugar from the molasses Steffenized. Accordingly, in evaluating the 
economics o f a  Steffen operation it is very important to know this purity as accurate. 
ly as possible. Because ofthe conflicting reports described above, it appears that no 
processor can be confident. without experimental confirmation, that the conven- 
tional COZ-deliming method accurately represents the real saccharate purity under 
his local conditions. Stated differently, it is probable that the nonsucrose content of 
the saccharate per sc is appreciably higher than that estimated by the CO? method, 
and confirmation is needed as to whether or not this additional nonsucrose is 
eliminated in the factory carbonation. 

Schocnrock and Degeest each answered these questions for his own conditions 
by a relatively simple experimental procedure which every processor using the Stef- 
fen process would be well advised to follow: 

a) The purity of the saccharate is determined by the processor's favorite 
method. 

b) An experimental first and second carbonation is carried out in a replica of 
the factory's process. using a sample of the saccharate and a sample of the factory's 
raw juice. The purity of the resulting thin juice is determined. 

c) A second experimental carbonation is carried out with an equal portion of 
the same raw-juice sample, but using milk of lime equivalent in amount to the CaO 
provided by the saccharate in b). The purity ofthe resulting thin juice is determined. 

d) By actual mixing, or by materialLbalance computation. the purity is deter- 
mined of the thin juice that would result from mixing the syrup from a) with the 
thin juice from c) in the same proportions that occur in b). 

If purity b) is essentially the same as purity d), then the processor's favorite 
purity method has reliably estimated the real saccharate purity. If purity b) is lower 
than d) when a) is determined by the CO2 method, then examination ofthe factory's 
carbonation and Steffen practices are in order to uncover ways of improving the 
elimination of the nonsucrose from the molasses Steffenized. 

Under favorable circumstances the purity ofthe saccharate as estimated by the 
CO2 method will reach 90 and that ofthe hot saccharate 95. Such circumstances oc- 
cur when the Steffen house is well operated and is working "virgin" molasses. i.e. 
molasses produced by a factory without an operating Steffen house. Some Steffen 
factories in the U.S. operate in this way continuously, working only virgin molasses 
imported from a non-Steffen factory and not recycling any of their own molasses 
production to the Steffen house. 

When a factory does recycle molasses from the sugar end to the Steffen house 
a degeneration of the  saccharate purity occurs. Under these circumstances the non- 
sucrose which is returned to process by saccharate milk will eventually become part 
of the factory molasses and so return to the saccharate process again. Since its 

I 
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nature is to precipitate readily with the saccharate there will he negligible elimina- 
tion of this particular nonsucrose during such second working. Moreover its propor- 
tion will now have been reinforced by additional non~ucrose of the same type, which 
will have been introduced by the raw juice; thus the saccharate produced during this 
second cycle will be ofconsiderably lower purity. I t  is apparent that as this recycling 
process continues, the precipitable nonsucrose will constantly accumulate in quanti- 
ty. and the saccharate will become lower and lower in purity. 

This continual accumulation of nonsucrosc in the factory reduces its produc- 
tion capacity and increases costs. 

The theoretical relationship between the saccharate purity and extraction of 
refined sugar from the molasses is expressed by the following equation: 

where E = refined sugar recovery, lhsilb sucrose in molasses worked; L = loss of 
sucrose Steffenized, lhsilb sucro~e in molasses worked; P, = purity of saccharate, ex- 
pressed as a decimal fraction; and P, = purity of molasses produced, expressed as a 
decimal fraction. 

Table 18-1 gives some theoretical extraction rates for various saccharate 
purities, under typical factory conditions of sucrose loss and molasses purity. 

Trblc 18.1 Thcorefiral Exlraclion 01 Relined Sugar from Steflcnized >lolarres, 
Assuming 5% Less and GO% Purity Molrun Produced. 

Sacchararc Purity 92 9 0  88 86 84 82 80 
Exvacdon % 82.6 79.2 75 .6  71.8 6 7 . 9  63.7 59.4 

This downtrend in purity must eventually k stopped, otherwise the operation 
becomes uneconomical. T o  stop it, a molasses “discard” is made. This can be ac- 
complished either batchwisc or continuously. In a hatch discard the Stelfen process 
is temporarily fed with fresh (virgin) molasses procured from a non-Steffen. or 
straight-house factory; or else the Steffen process is shut down during the discard 
period. Meanwhile the molasses production of the factory is directed to separate 
storage tanks until the recycling nonsucrose derived from the saccharate cakes has 
been cleared out. In a continuous discard. only a fraction of the molasses produced 
by the factory is recycled to the Steffen process and the balance is continuously 
discarded. A makeup supply of virgin molasses may he provided to the Steffen 
house. 

Local conditions will dictate the economics ofdiscarding and makeup. As has 
been mentioned, many Steffen factories find it economical to work only pure virgin 
molasses and discard their entire molasses productions. A few. located in isolated 
areas, with virgin molasses not cheaply available and no good market for their own 
molasses. may find it economical to operate a saccharate process at a moderate rate, 
recycling a portion of the molasses produced with no virgin molasses makeup and 
discarding the surplus. Others find their best economy to lie in practices somewhere 
between these extremes. 

The discarded molasses is almost equal in value to virgin beet molasses for 
feeding or fermentation processes, and is usually sold for these purposes or dried 
with the beet pulp. 
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Control of Saccharate Purities. Some control over saccharate purities 
may he achieved by proper precautions in the Steffen opcration. as well as by 
judicious discarding. 

1 .  Cake washing. Obviously if the nonsucrose-laden filtrate is not thoroughly 
washed from the saccharate. the purity of the saccharate will be reduced. On the 
other hand, over-washing is a h  detrimental. Saccharate cakes have definite 

s or adsorption equilibria and tend to dissolve in the wash water, increas- 
ing the sucrose loss. Furthermore overwashing of the cold saccharate produces ex- 
cessive amounts of filtrate which require extra heat for the precipitation of the hot 
saccharate and also for evaporation, if the final filtrate is concentrated for  by^ 
product recovery. There exists. therefore, an optimum quantity of wash water which 
must be detemined for each installation, and which usually must be adjusted from 
time to time to meet changing conditions. The customary method of controlling the 
wash-water usage is through the so.called "perfectly washed" purity of the  sac^ 

charate cake. To determine this, a sample of the factory saccharate is given an addi- 
tional, thorough washing in the laboratory and its purity determined. If the factory 
saccharate has been properly washed, its purity should not be more than 1 .S  units 
below the "perfectly washed" purity. 

Determination of the chloride content of the liquid phase in the filter cake has 
been found a simple and rapid means of estimating the effectiveness of the washing. 

Proper distribution of the wash water on rotary-vacuum filters is also very i m ~  
portant. Application of water should begin upon emergence of the drum from the li- 
quid in the way and continue uniformly and without interruption to the point of 
beginning final drainage. Any hiatus in washing up to this point not only wastes 
useful washing area on the filter but also may allow the cake to crack before 
reaching the next available wash. Such subsequent wash water will then trnd IO 

bypass through the cracks and lose its effectiveness for displacing the nonsucrose- 
hearing filtrate. 

The point of beginning final drainage, or terminator of washing, should be 
suficiently x b x z  &e beginzing d ; h c  blow-off iu aiiuw ndcquaw elimination oithe 
free liquid from the cake before it is discharged from the drum. When all is properly 
adjusted one should not he able to observe lree liquid being blown out through the 
cloth and running down the discharge apron. 

2 .  Control of Jiltrafion PT~SIUTLS and wash-wafer dufriburion. Generally 
rntary vacuum filters are used for separating the saccharate precipitates. The pickup 
and wash vacua must be controlled to give sufficient filtration capacity without 
detriment to the purging of the cake. 

The optimum pressures to he used will vary among different installations. 
However, good results should he achieved if the pickup or cake-forming vacuum is 
set to obtain a cake from 0.5 to 0.75 in. thick with clean filters, and the wash 
vacuum set as high as possible without causing appreciable cracking of the cake 
under the sprays. 

3. Concenfration of fhe molasses solution. As the concentration of molasses 
solution is increased, the purity of the saccharate cake tends to decrease. This is due 
to the effect of concentration on the chemical and adsorption equilibria. I t  is also 
due to the increased viscosity of the filtrate which makes the cake harder to purge. 
On the other hand, excessive dilution of the molasses solution results in increased 
sucrose loss and heat consumption, due to the solubility ofthe saccharate and to the 
increased quantity of filtrate to he heated or conccnuated. 
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The optimum concentration of the molasses solution varies with the equip- 
ment used and with local conditions. In terms o f g  sucrasellOO ml it may lie be 
tween 5 and 7 for the batch process, between 6 and 9 for the Spreckels process and 
Great Western process, and between 7 and 12 for the R.T. process. 

Vandewijer et al. (16b) have found that the addition ofCaC12 to the molasses 
solution in the proportion of < 50 meqllOOg sucrose increases the filterability of the 
resulting saccharate and permits, at least in the R.T. process. the working of a 12 
pol. molasses solution containing a substantial proportion of recycled cold filtrate. 

4. Recycling offiltrate. Recycling of a portion of the cold filtrate has been 
practiced by a number of SteKen plants, to reduce heating and by-product recovery 
costs. The recycled filtrate is substituted for a portion of the dilution water in mak- 
ing the molasses solution. 

The recycling of filtrate results in lowering of the saccharate purity, thereby 
reducing the yield of refined sugar from the molasses worked. Local economic con- 
ditions should be evaluated to determine if the reduced yicld offsets the fuel saving. 

Raffinose. Raffinose is a troublesome factor with SteKen operations, par- 
ticularly when working beets grown in the cooler climates, such as the Rocky 
Mountain area. Raffinose is a sugar with the formula C m H m 0 ~  5H20 (see pp 
33-34). Upon complete hydrolysis it yields three simple sugars-glucose. fructose, 
and galactose. I t  is practically tasteless and has little commercial value. 

Like sucrose, raffinose is precipitated by lime in the Steffeen process. and most 
of the raffnose introduced in the beets tends to be retained in a SteEen factory if the 
production molasses is recycled. Since raffkose has a specific optical rotation ap- 
proximately 75% higher than that ofsucrose, its presence causes the apparent purity 
of a syrup to be higher than the actual purity. 

Because of this error in apparent purities. in a Steffm factory it is necessary to 
make determinations of the true purity of factory materials, particularly the sac- 
charate cakes and raw massecuite, for operating guidance. 

Raffinose reduces the crystallization rate of sucrose and also causes the 
sucrose crystals formed in its presence to he elongated in shape (see p. 33). Man- 
tovani and Faglioli (7) have shown that a raffinose concentration of 2% on water 
reduces the rate of sucrose crystallization to less than half of that at 0% raffinose. 
They found an appreciable concentration of raffinose in crystalline sucrose derived 
from solutions containing raffinose, and concluded that the raffnose is adsorbed on 
the surface ofthe growing sucro~e crystals and finally becomes trapped to some ex- 
tent in the crystals. 

Because of its retarding effect on sucrose crystallization raffinose. rather than 
total nonsucrose. can be the criterion for the rate or timing of molasses discards. 
The  maximum tolerable concentration of raffinose in the factory syrups will depend 
upon the individual factory design and the local economic conditions and is likely to 
lie ktween five and ten parrs of raffinose per 100 parts of solids in the final 
molasses. 

Developments within the last decade have made it possible to ameliorate the 
raffnose problem, thereby reducing the proportion of molasses that has to be 
discarded to control the raffinose build-up. while simultaneously recovering some 
sucrose from the raffnose itself. 

Hudson and Harding (5) pointed out that the enzyme melibiase will, in the 
absence of invertase, partially hydrolyze raffinose. the products being sucrose and 
galactose. The Fermentation Research Institute of Japan (16e) developed a commer- 
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7 

Figurc lW. Shimiiu EL T a h i o i  TL~CIOI for the enzymatic hydmlyiis of rnffinae IO suer- and 
gntsruu. patent sketch. 

cia1 application of this process, wherein a similar enzyme which has been named a. 
galactosidase is produced on a large scale by the mold morrirrclln uinaceo. The 
molasses from the sugar end is treated with this enzyme before Steffenizing. 

The process has been patented (1 IC). Its basic principle is illustrated in Figure 
18-9, the patent skelch of the original reactor. together with the following descrip- 
tion: The reagent is a solid.bed enzyme catalyst. It is prepared by culturing the mold 
mortierella vinacea in a medium consisting mainly of lactose. then harvesting, 
washing and centrifuge-drying the resultant mycelium, which ends up in the farm of 
pellets rich in a-galactosidase. 

The continuous reactor is a horizontal U-shaped trough with a retention time 
of one to three hours. The sketch shows it to he equipped with a paddle agitator, 
hut modem versions use portable-type propeller stirrers as shown in Figure 18-10, 
The reactor in the sketch is divided into a series of compartments by hallles of two 
alternating types, 4 and 6. Type 4 extends to the bottom of the vessel and is SUP 

mounted by a removable screen 5. Type 6 extends to the top of the reactor and 
leaves a passageway at the bottom. I 
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In operation the reactor is filled with enzyme pellets to the upper part of 
screens 5. The molasses to he treated is diluted in a separate mixer to 30" Brix, 
warmed tu 50' C and adjusted to pH 5.2 with H~SOI.  This solution is allowed to 
flow continuously through the reactor. entering at the bottom inlet at the left o f the  
sketch and leaving by the adjustable overflow 8 at the right. I t  then passes over a 
screen to remove any entrained enzyme pellets, and an  to the Steffen house. As the 
pellets become exhausted, the screens are periodically lifted. allowing the bed or a 
portion thereof to flow downstream and out with the treated molasses solution, and 
the bed is recharged with fresh pellets. 

In  modern versions (7b) the enzyme pellets are discharged and replaced com- 
pletely about every 25 days. I t  is reported that 0.12 tons of pellets are required for 
each ton of raffinose hydrolyzed. 

The economics ofthe process are discussed in detail by Meguro and Konishi 
(7b). I t  has been in use in Japan where the raffinose content ofthe beets is very high, 
e.g. 0.16%. since 1968. An installation has been in service at Billings, Montana 
since 1973. The ramnose content ofMontana beets is on the order of0.08%. A sec- 
ond U S .  installation has been made more recently at Tomngton, Wyoming. The 
use ofthe process has not been justified in California, where the raffinose content of 
the beets is generally less than 0.03%. 
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Chapter XIX 

BY-PRODUCTS 

Molasses' 

Molasses is the f i a l  syrup spun off after repeated crystallizations in the extrac 
tion of sugar. It is so low in purity that further crystallization from it is impractical. 
It is therefore discarded from the sugar end, carrying with it all of the nonsucroses 
of the beet not eliminated by the juice purification process, the soluble impurities 
added in processing, and the degradation products formed during processing. It also 
carried out about one and one-half pounds of sugar with each pound of impurities. 
It represents therefore an important loss of extraction, amounting to 12 to 16% of 
the sugar in the beets. The amount of molasses produced depends upon the im- 
purities left in the juice after purification and upon the degree of exhaustion of the 
final syrups. In 1970 molasses production in straight houses ranged from 4 to 6% 
an beets; at Steffen houses, 5 to 7%. The estimated production in 1970 was, Cor 
straight houses, 235 000 tons for desugaring processes; 165 000 tons shipped for 
other uses; and 368 000 tons of discard molasses, which was mixed with pulp for 
cattle food, etc., for a total molasses production of 768 000 tons. In 1979, molasses 
production was 684 000 tons. Figures are not available for an accurate breakdown 
of this production, but the distribution was probably similar. A typical approximate 
analysis of beet molasses is: dry substance 81-84%; ~ucrme  50.52% nitrogenous 
compounds 12-13%; nitrogen-free extract 9.10%: and ash 11-12%. The nitrogen 
content of molasses is about 2%. 

Betaine is the most abundant nitrogenous compound found in molasses. Car- 
ruthers et al. (3) found 3.26 to 4.25% of betaine in British molasses. increasing 
somewhat toward the end of the campaigns. The next most abundant nitrogen cam- 
pound is glutamine and its hydrolytic products. pyroglutamic acid and glutamic 
acid. This p u p  constitutes more than half of the total amino acid content of 
molasses. Aspartic acid occurs as asparagine in the beet. Like glutamine, asparagine 
is partially hydrolyzed during liming and carbonation; hence, it is found in molasses 
as an alkali salt of aspartic acid. Leucine, isoleucine, alanine, valine, glycine, and 
other amino acids are also found in beet molasses in small amounts (see chapter 11). 
About 5% of the nitrogen in molasses is in the form of purine and pyrimidine bases. 
principally adenine, adenosine and guanosine (3). Found in amounts ranging from 
near traces to 5% or more of the nitrogen in beets is inorganic nitrogen; i t . ,  
nitrogen as nitrates and nitrites. 

The nonsucrose carbohydrates of molasses consist of invert sugar, usually less 
than 1% in straight house molasses. raffinose. galactinol, inositol, kestoses, and 
possibly others. In beet growing areas where beets are stored in piles for protracted 
periods prior to processing, the raffinose content increases. often from 0.5% on dry 
substance at the beginning of campaign, to 2% or more at  the end. Steffen factories 
show corresponding increases in raffinose content of molasses ranging upward to 
5% or even more, on dry substance. 

Other nitragemfree organic impurities in beet molasses are the acids-lactic, 
malic, acetic, oxalic, citric, and others-formed in part by bacterial action or by 
destruction of invert in the purification process. 

I 

I 
I 

'by E. H. Hungerford (Revised by R. A. McCinnis) 



1 
Uses of Molasses 

Molasses is a valuable by-product of beet sugar manufacture. About 60% of 
straight beet house molasses produced in the United States is shipped 10 Steffen hac- 
tories for the recovery of sugar by precipitation with lime. 

Most ofthe discard molasses and some straight-house molasses is used for cat- 
tle feeding, either directly or in mixed feed production. Thousands nftons are mix- 
ed with beet pulp and dried to produce feed fir cattle or shrcp. 

Molasses, because of its high content of sugar and certain nitrogenous constit. 
uents, is a valuable raw material for the fermentation industries. 

Alcohol Production 
Ethyl alcohol was a very important by-product ofmolasses 50 years ago with a 

renewed interest being generated in the late 1970's and early 1980's due to the 
rapid rise in foreign crude oil prices. Ethyl alcohol is being encouraged for use as a 
IO% mixture with gasoline to produce gasohol and diesohol for internal combustion 

biomass feedstocks for alcohol production along with other farm and fo;.est prod- 
ucts. Several commercial and private producing plants are under development in the 
Western United. States. 

The basis of alcohol production from molasses and sugarbeets is the ycast 
fermentation of the molasses sugars. Sucrose is hydrolyzed by the invertase enzyme 
of yeast to glucose and fructose which are. in turn. transformed by another enzyme. 
zymase, to alcohol and carbon dioxide. The theoretical yield of alcohol is four 
moles of alcohol to one mole of SUCIOJC, or 55.046 by weight, curresponding to 
about 81 gallons per ton ofmolasses. Actual yields are lower. of the order of65-70 
gallons per ton. Rafinose is hydrolyzed to fructose and to the disaccharide, 
melibiose. by invertase. The  latter is not fermentable but can be hydrolyzed to 
glucose and galactose by melibiasc. an enzyme found in bottom beer yeast, and is 
thus made fully fermentable. Molasses must he diluted to about 25% solids before 
&uueutdiwt. The rernperature is heid at 20-25 "C. After completion ot termenta- 
tion, the alcohol is distilled, leaving a residue (slop) which is concentrated and used 
as a fertilizer. 

Yeast Production 
Molasses is the main raw material used in the production of baker's yeast. 

Yeast cultures are selected and propagated under carefully controlled conditions. A 
medium for the commercial production is prepared by adding to a dilute molasses 
solution the necessary supplementary substances required far the growth of yeast. 
Molasses contains no phosphate and ita nitrogen content is relatively deficient. Less 
than half the nitrogen of molasses can be used by the yeast. Superphosphates, urea, 
and ammonium salts are therefore added. The mixture is aerated and stirred by a 
strong current of air. Nutrients are added, as required, to replace those taken up by 
the yeast cells. Under the conditions of low concentration of yeast food. and of 
strong aeration, alcohol formation is suppressed and proliferation of yeast ac- 
celerated. 

Glutamic Acid 
Production of glutamic acid in the form of monosodium glutamate by 

microbiological fermentation of molasses (not entirely beet molasses) now accounts 
for virtually all production in the United States. Originally it was produced from 
Steffen filtrate. The production of glutamic acid by microbiological processes was 

engines. The sugarbeet and sugarbeet products are being considered as o'ie of the 
~ 
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discovered almost simultaneously by workers in Japan and the United States. The 
microorganisms used are not identical hut apparently are similar (Breuibacferium 
rpp). Diluted molasses, or other carbohydrate material. and required supplemental 
ingredients for growth of the organism. including growth-promoting substances 
such as biotin, are adjusted to a suitable pH and inoculated with a culture of the 
organism. Recovery of glutamic acid after fermentation follows roughly the process 
used in the production of glutamic acid from Steffen filtrate. 

Ci t r ic  Acid 
Citric acid, formerly manufactured entirely from citrus fruits, chiefly lemons, 

is now almost exclusively produced by the action of selected molds of the aspergillus 
type. Dilute molasses, to which mineral salts containing nitrogen and phosphates 
are added, is inoculated with the mold culture and placed in shallow pans arranged 
in a large incubator, through which a current of sterile air is passed. Fermentation 
proceeds at about 30%. At the conclusion of the growth period the liquid is 
separated from the mold mycelia by draining and pressing. The citric acid is 
precipitated by milk of lime and washed free of molasses impurities. Citric acid is 
readily obtained by treatment of the precipitate of calcium citrate with sulfuric acid, 
separating the insoluble calcium sulfate, and subsequently crystallizing the citric 
acid. 

Molasses is used in numerous other fermentation processes. 

Molasses Formation 
The sugar carried ou t  of the hcct-sugar factory in molasses is its largest single 

loss. This large loss of extractable sugar has prompted study and effort since the 
beginning of the industry to find means of reducing it. Obviously, more complete 
exhaustion of the final syrups can he achieved by boiling to high density. cooling to 
low temperature, and allowing longer periods of time for crystallization. Molasses 
purities of approximately 50% have been obtained in this way by numerous 
workers. As a practical matter, however, there are limitations to this approach. As 
the density of low raw massecuites increases, the viscosity rapidly increases, making 
separation of crystallized sugar slow and unsatisfactory. The viscosity of molasses 
approximately doubles with each increase of 2 in percentage dry substance ( I ) .  
(Please see Table 19~1. )  Similarly. lowering the temperature by IO'C doubles the 
viscosity. As the purity of the syrup is lowered, the rate of crystallization decreases 
rapidly so that many months may he required to even closely approach the actual 
solubility limit of sucrose in these syrups. Molasses. therefore. cannot he defined as 
the syrup from which no more sugar ultimately can he crystallized, hut rather a 
syrup from which "no more appreciable amounts of sugar can be recovered by 
crystallization at economical cost.'' 

The nonsucroses of molasses vary markedly in composition. These nonsuc- 
roses influence the crystallization of sugar in two ways: first, by affecting and, usual. 
ly increasing, the solubility of sugar in the water, and second, by affecting the rate of 
crystallization of sucrose, either directly by impeding deposition an  the surface of 
the crystals. or indirectly by the effect on the viscosity of the syrup, and the conse- 
quent decrease in the mobility of the sucrose molecules in the syrup surrounding the 
crystals. The viscosity of impure beet sugar solutions is lower than that of pure 
sugar solutions of the Same percentage dry substance. The high viscosity of low 
purity massecuites is due to their high dry substance content-not the presence of 
nonsugars. 

Herzfeld determined the soluhility of sucrose in water and the influence of in. 
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Table 19-1 Viscorily (in cenripoises) of Bcct Factory Syrups (1) 
Dry Subrlmre, % 

True 
Purity 74 76 78 80 82 84 86 

GO 
70 
80 
90 

100 

GO 
70 
80 
90 
100 

GO 
70 
80 
90 

100 

60 
70 
80 
90 

100 

GO 
70 
80 
90 

1 00 

250 
261 
273 
284 
295 

131 
155 
139 
144 
148 

77 
79 
81 
83 
85 

435 
456 
480 
503 
526 

210 
221 
231 
242 
258 

121 
125 
I29 
132 
135 

74 
75 
76 
77 
78 

49 
50 
51 
51 
52 

805 
86.3 
919 
977 
I030 

376 
400 
424 
448 
470 

200 
207 
214 
221 
228 

I15 
I19 
I23 
127 
131 

73 
73 
76 
78 
78 

At 40-C 
I690 
1830 
1990 
2120 
2260 

At  5VC 
726 
777 
828 
879 
929 

339 
315 
392 
407 
423 

I99 
205 
210 
215 
220 

115 
118 
120 
! 23 
125 

At G O T  

At 7 0 T  

A t  8O‘C 

3960 
4340 
4710 
5080 
5450 

1570 
1700 
1830 
1950 
” O W  

719 
756 
792 
829 
866 

361 
374 
387 
401 
414 

199 
205 
210 
215 
222 

11200 
12400 
13600 
14800 
I6000 

3880 
4200 
4520 
4840 
5160 

1630 
1710 
1780 
1850 
1920 

756 
785 
807 
833 
858 

389 
396 
408 

434 
,”. l l i l  

40000 

12000 

4310 
4610 
4920 

1810 
1880 
1940 

844 
883 
922 

organic salts on the solubility about 80 years ago. Other workers have studied the 
effect of the addition of pure substances on the solubility of sucrose. In general, 
most substances in small quantities and at low temperatures, under 40°C. depress 
the solubility, hut at higher concentrations and at higher temperatures, above 60 “C, 
the solubility of sucrose in water is usually increased. The substances thus increas- 
ing h e  solubility of ~ u c r o ~ e  are referred to as melarsigenic. Alkali salts are the most 
mclassigenic: i s . ,  they appear to “bind” more sugar in an uncrystallizable form 
than do other substances. This has influenced many observers to attribute molasses 
formation principally to alkali-sucrose compounds. Dedek postulated that one mole 
of potassium or sodium bids one mole of SUCIOX in molasses. The mole ratio of 
sugar to the K+Na therefore indicates the degree of exhaustion of molasses, and it 
should be 1.0 on molasses from properly crystallized raw massecuitc. This ratio has 
been found by other workers to range from about 0.8 to more than 1.2. Carolan 
found that, at least in Ireland, calcium had to be included as an alkali in the 
sucrose-alkali ratio. The mole ratio of sucrose to K+Na+Ca was found by him to 
lie between 1.0 and 1.10. The calcium content of molasses is usually so low com- 
pared to the content of potassium and sodium that its inclusion docs not materially 
affect the ratio. 
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Calcium and magnesium are normal constituents of beets, but only about 10% 
of the calcium and 50% ofthe magnesium is extracted in diffusion. Almost all of the 
magnesium is ultimately eliminated in carbonation. Most of the calcium is also 
eliminated except when processing deteriorated beets (3). Calcium and particularly 
magnesium salts tend to decrease the solubility of sucrose. Magnesium salts. indeed, 
have been found to depress the solubility of sucrose in water to such a degree that 
they may be said to he "negatively melassigenic" when they replace other salts pres- 
ent. Quentin (4) devised a process which, with the use of ion-exchangers, replaced 
the strongly melassigenic alkalies in intermediate syrups with magnesium. The puri. 
ty of molasses produced from these syrups is considerably lower than the molasses 
obtained from the untreated syrups (see pp 326-330). 

Nitrogen compounds, which constitute one third to one half of the nonsucros- 
es in beet house syrups. decrease the solubility of sucrose at all concentrations at 
which they normally occur. Invert sugar is never found in beet molasses in amounts 
large enough to have an appreciable effect on molasses purity. In  cane molasses. 
however, the invert sugar content is high and the sucrose purity of the molasses cor- 
respondingly low: Le., 35 to 45% sucrose an  solids. The raffinose content of beet 
molasses from Steffen houses is often high enough to exert a measurable lowering 
effect on molasses purity (2). Often the potential lowering of purity by raffinose is 
not obtained in practice because of the marked reduction in rate of crystallization of 
sucrose in the presence of raffinose. 

Despite its failure to provide highly accurate estimates of the probable lass of 
sugar in molasses, the sucrose: K+Na ratio is possibly the best measure obtainable 
by chemical analysis. Spectrographic determination of Na and K is rapid and the 
analyses can be made a part of routine laboratory control. 

organic factor = nonsucrose- ash (1) = organic nonsucrose 
ash ash 

As might be expected. high organic factors accompany molasses of lower purities. 
Schneider (7) has modified this relationship by comcting the ash for its content of 
CaO; 

(2) f = nonsucroses - 1.9 (A - 2.35 CaO) 
1.9 (A - 2.35 CaO) 

He found a linear relationship between the purity of various molasses at the same 
nonsucrose: water ratio after long periods of crystallization, and the quantity, f. 
"A" in this equation is conductivity ash, and CaO means the lime and magnesia de. 
termined by ethylene diamine tetraacetate titration. The ash component ofthe equa- 
tion, as corrected by Schneider, consists essentially of potassium and sodium salts, 
hence the factor f is actually another relationship measuring the sucrose binding 
power of the alkalies. 

P. M. Silin (9) defines as "normal" a molasses of82% dry substance which is 
saturated with respect to sucrose at 40°C. To produce such normal molasses, it is 
necessary to hold the massecuite at a lower temperature-30-35°C-long enough to 
reduce the purity. and then reheat to 40%. The viscosity of normal molasses, as 
defined by Silin. is 44 pokes at 40°C for I100 rpm hatch centrifugals. For 1800 
rpm centrifugals the viscosity range is 90- 120 poises. 

In the United States molasses at many factories is spun ON at 83-84" dry 
substance. However, the centrifuging temperature is usually raised above 40 -, often 
to about 48 ', so the viscosity is still only about 44. 



With this concept of a "normal" molasses it is possible to determine the 
melassigenic coefficient, m.. of the impurities. If the purity found under these stan- 
dard conditions is: Po 

Po, m, = - ma 100-?, 

represents the pounds of sugar retained in the molasses by a pound of impurities in 
that molasses. 2. A. Silina (9) has used this method to determine the melassigenic 
coefficients of a number of individual nonsucrases. She first determined the normal 
purity, Po, of a molasses, and then added a nonsucrose, For example NaC1, in an 
amounl equal to n% of the nonsucroses in the molasses mixture. The normal purity, 
PI and the coefficient, ml of the molasses mixture was then determined. The 
melassigenic coefficient, m,  of the added nonsucrose could then be calculated from 
these data as follows: 

(3) 100 ml = nm - (100-n) m,. and m = m,- 

Each determination of m was repeated using different molasses. The "m" 

loo (ml - me) 
n 

values arc shown in Table 19-2. 

Table 19-2. Melasigenic CaefIicients of Nonsucrors (9,9a). 
Nonsucrose m Ir 

NaOH 
KzC03 
Na&Oq . .  
K-acetate 
NaCl 
KCI 
Bctainr 
K-lactate 
K-glutamate 
KNOs 
Na-glutamate 
K-tyrosinate 
Na-lactate 
K-products of decomposition of invert sugar 
CaCL 
Na~products of decomposition of invert sugar 
N a N 0 9  
Invert sugar 

Ca-tyrosinate 
Ca-lactate 
Ca-acetate 

Ca-glutamate 

4.61 1.69 
3.38 1.10 
2.88 0.87 
2.85 0.84 
2.58 0.72 
2.48 
1.w 
1.02 
0.99 
0.96 
0.93 
0.090 
0.81 
0.70 
0.56 
0.55 
0.42 
0.19 
0.18 
0.11 

-0.14 
-0.55 

0.67 
-0.028 
-0.038 
-0.038 
-0.056 
-0.070 

-0.13 

-0.25 

-0.34 

-0.48 

+0.58 
-0.78 

Ca-products of decomposition of invert sugar 

MgCh 0.65 -2.12 
Mg(N0,)i 1.03 -2.06 

(Results for Mg salts by T.P. Hvalkovsky) 

-0.66 
Ca(N03)z -1.14 
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Silin's daughter. N.P. Silina. (9a) noted that the above relation ignores the fact 
that water is itself a very melassigenic nonsucrose. She calculated the melassigenic 
properties of specific nonsucroses in terms of the specific melassigenic coelfcient,$, 
which is specific for a given nonsucrose composition, and indicates changes in 
sucrose solubility: 

p = m, - 2.37 (m. + I )  (100 - ds.) Ids. (3a) 

where m, is the melassigenic coefficient o f a  given nonsucrose, 2.37 was the accepted 
value for sucrosc solubility (the later value of 2.35 involves only slight changes) at 
40'C, and ds, is the dry substance content of the "normal" molasses. 

Comparison of the two sets of values shows that changes in sucrose solubility 
per gram of nonsucrose~ are much smaller than the quantity of sucrose solubility in 
water. Thus a reduction of the amount of water in molasses is of prime importance 
in reducing molasses purities. 

Rorahaugh and Norman (5), determined the inhibiting effect of several in- 
dividual impurities an  the crystallization of sucrose from molasses. They found 
potassium carbonate and potassium chloride have greater inhibiting effects than any 
other constituents of molasses. Betaine and potassium sulfate have the least effect 
per unit weight of the impurity. Betaine, however, because of its relatively great 
abundance, exem an important total effect. Glutamic acid has a greater inhibiting 
effect per unit weight than any of the other organic constituents except leucine and 
isoleucine, and because of its relatively great abundance is an important inhibiting 
agent. 

It is evident that it is impossible to attribute molasses formation to a single or 
even to a selected few nonsugars. The results show the strong melassigenic effects of 
the alkalies, the smaller effects of nitrogenous compounds, and the relatively slight 
effects of calcium salts. 

Each constituent of molasses is melassigenic in the sense that it adds to the 
total dry substance of the syrup, and, whether it acts to suppress or to increase the 
solubility of sugar in water, it adds to the viscosity of the syrup. and thus influences 
the cryystallizability of sugar from the syrup. The only alternative to the chemical ap- 
proach appears to be the determination of the actual solubility of sugar in each 
syrup, considered at concentrations and temperatures within the practical operating 
range of the factory. 

The solubility of sucrose in impure solutions has been studied by many in- 
vestigators. including Herzfeld, Grut, Claassen, Wiklund, Silin, and Brown and 
Nees. Their results, although strictly applicablc only 10 the particular syrups 
studied, are used widely to calculate pan and crystallizer supersaturations. Indeed. 
there is no alternative; the time required to achieve saturation in syrups of low puri- 
ty at low temperatures-often several months-precludes routine determinations of 
solubility in factory syrups. 

0. Wiklund found that the coefficient of saturation. or saturation. C, as it is 
referred to by Claassen, remains constant with changes of temperature far syrup of 
given nonsucrose:water ratio. This riding, known as Wiklund's rule, permits the 
calculation of the solubility of ~ucrose in impure solutions from determinations 
made at higher temperatures. where attainment of solubility equilibrium is a c  
complished more quickly-often in a few hours. The saturation number, C, is de- 
fined by the equation C = Z ' I Z .  Here, Z and Z'  are the solubilities in g sucroselg 
water in pure solution and in impure solution, respectively, at the same 
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temperature. The  Wiklund rule states that the saturation number, C, determined at 
temperature, tl, is equal to the saturation number determined at any  other 
temperature, t2, in syrups of the same nonsugarwater ratio, NIW. Thus: 

(CtI = c,2) NIW = a constant (4) 

Wagnerowski. D. Dabrowska. and C. Dabrowska ( 1 1 )  describe a quick 
method and the apparatus for determining solubilities in impure solutions, and a 
method of calculation ofresults based on the Wiklund rule. Briefly, molasses or a w  
pan mother liquor is adjusted by concentration or dilution to a nonsucroscwater 
ratio between 1.6 and 3.0 g nonsucroselg water, and is placed in a metal solubility 
vessel containing a mechanical stirrer and a thermometer. A quantity of screened 
coarse sugar is added, and the apparatus is tightly closed and placed in a ther- 
mosmtically controlled bath. The temperature is held at a p i n t  where sugar will be 
dissolved. Saturation equilibrium is reached in from IO to 26 hours, depending an 
the nonsucrme water ratio. A sample of crystal-free liquid is drawn through a filter 
tube, and the sucrose content and dry substance are determined. Wagnerowski and 
co-workers made solubility determinations in a syrup at four nonsucroscwater 
ratios. The saturation numbers thus determined, when plotted against the non- 
sucrosc:watcr ratios. fall on a straight line. It is obviously necessary then to make 
the solubility measurements at only two ratios. Vavrinecz ( I O )  tested the validity of 
the Wiklund rule by plotting published solubility data of 1 1  investigators in Europe 
and America, and found nearly complete confirmation. The  linear relationship be- 
tween saturation number and nonsucroscwater ratio holds only at ratios above 
about 1.5. This fact does not limit the usefulness of the method. since the nansu- 
crose:water ratio ofraw massecuite must, in practice, be held between about 1.8 and 
3.0. At ratios below 1.5, massecuite must. in practice. be held between about 1.8 
and 3.0. At ratios below I .5, molasses purities cannot be reduced to desirable levels. 
At ratios of 3.0 or higher the molasses becomes increasingly viscous and difficult to 

With a knowledge of the actual solubility of sucrose in the final law purity 
syrups the exhaustibility of a molasses can he determined without recourse to 
uncertain calculations based on the effects of various individual nonsugars. 
Wagnerowski (1 1) developed equations relating "normal" purity of molasses to the 
constant of their solubility equations. He also shows a method for calculating op 
tirnum purity and dry substance of the final boiling massecuite. The laborious 
calculations are simplified by nomogaphs. 

K. W. R. Schoenrock and J. R. Johnson (E), using the Wagnerowski method. 
have shown that the solubility of sucrose in the low purity syrups from beet factories 
in Idaho and Oregon is considerably higher than the solubility taken from the tables 
of either Grut or Brown and Nees for syrups of the same purity. The difference, in 
part, may he attributed to differences in analytical procedures used. Schoenrock and 
Johnson determine sucrose in their syrups by single acid. Clergct inversion, and the 
dry substance with refractometer. Brown and Nces determined sucrose by double. 
enzyme inversion and dry substance by oven drying. Grut also determined dry 
substance by oven drying. It is apparent that Schoenrock's solubility data are cam- 
pletely satisfactory for his purposes. He  was able to set up criteria for the density of 
massecuite in the crystallizers and for the temperature of massecuite at the cen- 
trifugal station. Dilution and reheating during various crystallizer stages were 
scheduled with minimum danger of redissolving crystallized sugar, or inadequate 
exhaustion of the molasses. 

l 
ccnrr;.fug. s2tirf2c:ori!.. 1 '  
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A detailed review of molasses formation and composition was published in 
1978 (3a.) G. Vavrinecz covered the same subject in a series of 14 papers, published 
between 1965 and 1974 ( loa) .  
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DRIED PULP. 
A Brief History 

Since the earliest days of the beet-sugar industry, beet pulp remaining after the 
extraction of the sugar has been recognized as a valuable cattle food, containing 
valuable proteins. minerals, and carbohydrates. T o  the European farmer in the last 
century, the exhausted beet pulp was often as valuable as the revenue from the 
sugarbeets. 

It was then a common sight to see a farmer waiting for his wagon to be filled 
with beet pulp produced from beets he had previously delivered. Farming was not 
as specialized as it is now, and the feeding of cattle was just as important as growing 
beets. This led to the practice of storing the "geen" or wet beet pulp in large pits 
or silos. where it remained until it was needed by the farmer. Tmmendous losses m 
incurred in the wet storage of pulp. Some tests have indicated that as much as 65% 
of the original weight of beet pulp and 50% of its food value is lost during a six 
months' storage period. In addition, the decomposition and fermentation products 
of wet beet pulp stored in open silos arc offensive, and often damage the relation. 
ship of the sugar company with the surrounding community. 

As time passed, the trend towards scientific specialized farming and less cattle 
raising by individual farmers reduced the value of beet pulp to the grower. This 
forced the beet processors to seek additional outlets for pulp. Since water is a major 

'by Fred F. Coons, revised by James M. Buchert 
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component of wet pulp, transportation over long distances was not economical. 
This led to the practice of drying the pulp, A greater part of the moisture is removed 
from the wet pulp by mechanical pressing, and the remainder is then evaporated by 
heat to produce dried pulp, a highly concentrated cattle feed. When molasses is add- 
ed ahead of the evaporation step, "molasses.dried" beet pulp is produced; without 
molasses addition, "plain-dried" beet pulp is the product. Some processors 
substitute up to 50% of the molasses solids with concentrated Steffen filtrate solids 
or liquid protein concentrate to produce a "molasses-CSF" beet pulp. 

Table 19-3 shows typical analyses of the two types. 
Table 19.3 Twiral  ,\mI\ses of Dried Beet Puli,* (Pacific Coat  Berrr) 

hlolarsrs 
Plain Pulp Dried Pulp 

C ,  ,,de I'llllein 8.31 7.Gl 
Crude Fill  0.66 0.54 
C I < , , I P  I'itrer 23.05 18.34 ~ 

Silrolco-lrcc e X l i l C f  65.59 68.96 
Ash 2.39 4.55 

CSF and 
hlolarres 

Dried pulp 

10.16 
0.66 

18.59 
64.27 

6.32 

'I'ei~cniager reported on dry baris. 

Outl ine of the  Drying Pmm. The wet beet pulp is either pumped with add. 
ed water or mechanically conveyed to the pulp drying station. where the free water 
is removed by screening. From the screens, the pulp is fed to presses which 
mechanically force the pulp into smaller and smaller volumes. the water escaping 
through screens. Please refer to Figure 19-1 for a cross section of the vertical single 
screw, pulp press, and to Figure 19-2 for a cross section of a horizontal twin screw, 
pulp press. 

Roughly 81% of the total water that is removed in the process is removed in 
the pu!p presses, and b e  resultan! prcss.4 piilp cna!ains frnm 7 2  to 85% water, nn a 
wet basis. When producing molasses-dried beet pulp, either beet or cane molasses is 
sprayed on, or otherwise mixed with the pressed pulp. 

The pressed pulp is fed to a direct-fired, induced-draft, parallel-flow, rotating 
drum drier, which reduces the moisture content to approximately 5 to 12% in the 
fmal product. The drum contains a large number of hames which drop the pulp 
through the hot flue gases from the furnace as the drum rotates. These drier drums 
are usually mounted perfectly level, so that as the drum rotates, alternately lifting 
and dropping the pulp, the pulp is progressively moved forward through the drum 
only by the flow of combustion gases. 

The capacity of the pulp drier drum depends on its dimensions. Driers with 
drums as small as 7.5 ft in diameter by 31.5 ft long are in use. Average size units 
have a drum 10.5 ft in diameter by 48 ft long, which will handle pulp from about 
2000 tons of beets a day. The larger units, 12 ft in diameter by 56 ft long, are 
becoming more common, and these will handle pulp from about 3500 tons of beets 
a day, all figures conservatively stated. In practice. the average unit has been known 
to handle pulp from 3500 tons of beets a day and the large unit has been known to 
handle pulp from 5000 tons of beets a day. 

Various fuels, including oil, natural gas, and pulverized or slack coal can be 
used in the furnace. The products of combustion are mixed with a cooling gas prior 
to entrance to the drier drum to obtain an entering temperature of 900-1700°F. 
depending on the load handled relative to the size of the drier. As a general rule. 
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Figure 19-2 Crov r ~ t i o n  of twin-. borimnld pulp p r c y  

losses from combustion of the product increase as the temperature from the furnace 
increases. The induced draft fan located at the discharge end of the drum draws air 
from the revolving drum and discharges it through a cyclone separator to recover 
small particles of pulp from the exhaust gases. The temperature of the exit flue 
gases varies from 190 to 280"F, depending on the drum design and load. 
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Figure 19.3. Pulp drier wiih exliaust gas rcr)de s y ~ " c m .  (Cmr lq ,  Slrornr-Rog~r Carp.) 

A number of processon have installed systems for recycling stack gases back 
into the drier furnace. (See Figure 19-3.) A special connection to the stack removes 
most of the f i e  dust not caught by the cyclones. together with a portion ofthe stack 
gas. This mixture is forced by a recirculating fan or by back pressure created by the 
cyclone stack restrictors through a duct to the hot air furnace to supply the 
necessary cooling gases. For proper combustion of the fuel, flames should be 
rtIz5velj. hc:. Fa: prcp:: d+g, k c  drying ~ C S  s h d d  SC caolcr than the mm- 
bustian temperature. This is accomplished by introducing the recirculated stack gas 
into the furnace after the burning zone, to cool the mixture of gases to a 
temperature of approximately 1200 OF preparatory to entering the drier drum. The 
fines that were removed from the stack are subjected to high heat and are usually 
converted to ash. Since only a small amount of excess air need be used for primary 
combustion, and the system is essentially closed, the oxygen content of tbe gases 
contacting the pulp may be very low when using recycled gas. It has been reported 
that the oxygen content in recycled systems is approximately 0.5 to 1.0%, as con- 
trasted to the normal 15% of excess oxygen, in an air-cooled system. Since a nearly 
inert atmosphere is created, degradation of the product by oxidation is minimized. 
Moreover. since the oxygen content of the gas is low, the possibility of accidental 
fire in the drier drum is reduced. Also, less fuel is used. Usually the very hot furnace 
gases are cooled with secondary air at room temperature. say 70 'F. When the stack 
gases are recirculatcd, the secondary cooling air is about the same temperature as 
the stack gases, namely, 230 to 280 "F. Return of these hot stack gases means fuel 
savings of approximately 5 to 8%. 

The importance of fuel used in the pulp drier operation is paramount. Oftbc 
total fuel required by the entire beet factory. approximately 30% is used in drying 
pulp. Any savings in fuel by astute operations. use of recycled gas. or by lowering 
tbe moisture content of the pressed pulp will yield substantial savings in fuel con- 
sumption. 

i 
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Present day technology provides a substantial opportunity to decrease product 
quality variances through greatly improved control systems and processing equip- 
ment. In most cases spontaneous heating and fires in storage can be controlled or 
eliminated through better moisture and temperature control of the product. Eff- 
cient pmduct cooling is a major controlling parameter toward this end (6h). New 
process control systems have demonstrated a capacity to sharply reduce the range or 
variation in output product moisture (6a,6b). 

Substantial efforts in increasing efficiencies in the areas of pressing, fuel con- 
sumption, product moisture optimization, and electrical power consumption are 
easily justified at today's increasing fuel costs. The exhaust gases from gas turbine 
electrical generators may provide heat energy for drying in addition to electrical 
energy for the dehydrator if appropriate fuels are available. Recent experience with 
additives and physical techniques which enhance pressability offer additional 
benefits (6b,7a,7b). Given the normal operating life and amortization parameters for 
capital equipment, primary emphasis in systems design and operation must he given 
to energy conservation and efficiency. Performance in the energy area may well 
determine not only corporate profitability, but corporate survival. 

Table 19-4 is a typical theoretical material balance for a pulp drier. It contains 
several assumptions which are self-explanatory. 

In the following section, the theoretical aspects of the drying process, losses 
encountered and various factors that affect the process will be considered in greater 
detail. 

Factors Affecting Pressing. The pressing operation is mechanical and is af- 
fected by the physical characteristics of the pulp. The physical condition of the wet 

Table 194 Theoretical Balance for a Pulp Drier 

Statio" 
% % 

sugar water 
Soluble Total Total 

Sugar Nonsugar Nonsugar Solids 

P u b  Flume Ln Drier 

1. Wet pulp 
2. Flumc ivhler 
3.  Total 

separator screen 
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5. Flume water 
6. Pulp to presses 

PUIU rresm 
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Mixing Scroll 

10. Feed 
I I. Jlolaaes ( G O  i l i x  30% ds, 

12. Uruin feed 

Drier Drum 

I," ,"tal d S )  

13.  UIUm feed 
14. l\'ulcr evaporated 
15. LOSE (10% of feed ds) 
I f i  m i e d  ""I" 19.2 

93.47 

93.47 

93.47 

78.0 

78.0 

16.11 
71.7 

71.7 

10.0 
10.0 

~ ....... 

1.31 
.40 

1.71 

1.71 
.40 

1.31 

1.31 
1.06 
2 5  

2 5  

1.54 
1.59 

1.59 

.I6 
1.43 

....~. 

.72 

.40 
1.12 

1.12 
.40 
.72 

.72 

.27 

.45 

.45 

.a9 
1.34 

1.34 

. I3  
1.21 

...~.~ 

5.22 
.40 

5.62 

5.62 
.40 

5.22 

5.22 
2 7  

4.95 

4.95 

.n9 
5.84 

5.84 

.5n 
.....~ 

5.26 

- 

6.53 

7.33 
.no 

7.33 
.80 

6.53 

6.53 
1.33 
5.20 

5.20 

2.23 
7.43 

7.43 

.74 
6.69 

Total 
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100.00 
450.00 
550.00 

550.00 
450.00 
100.00 

100.00 
76.37 
23.63 

23.63 

2.66 
26.29 

26.29 
18.03 

7.44 
.a2 
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pulp from the diffuser is a function of the condition of the beets before processing. 
the size of the casettes, the temperature and duration of the diffusion process, the 
pH of the diffusion operation, the mechanical handling of the cassettes in the dif- 
fuser, and the conveying system from it. 

If the pulp is too firm, the load on the presses is increased to a point where the 
capacity of the press drives is exceeded, and the moisture is removed with great dif- 

If, on the other hand, the pulp is too soft or mushy, the load on the presses is 
considerably reduced. However, the pulp may he so soft that a large portion passes 
through the screens with the pulp press water. As in the case ofpulp that is too firm, 
the pressed product may also have a high moisture content. It has heen contended 
that addition of molasses to the wet pulp before pressing makes it possible to press 
out more water (3). 

Pulp with physical characteristics between these extremes will involve a  nor^ 

mal load on the press drive and will pass a minimum of pulp through the screens 
with the pulp press water. Fresh beets which have heen properly diffused will yield a 
pressed pulp moisture content of 7580%. In the case of horizontal twin-screw 
presses and also in vertical presses, it is possible to vary the speed to improve perfor- 
mance and alter the capacity of the presses. In  general, the slower speed will pra- 
duce the lowest moisture content of pressed pulp, hut the capacity is reduced almost 
lineally. 

Conditions which mean good operation in the diffuser are also generally con- 
ducive to goad pulp pressing operations. If the pulp is too firm, this usually means 
that the diffuser temperatures were too low, or the retention time too short, with the 
consequently high diffuser losses. Likewise if the pulp is too "mushy," from soft 
beets, from tawhigh diffuser temperatures, or from toa-long diffuser retention time, 
low purity ofdiffusion juices results. When conditions are such that law pulp losses 
_.." "-2 hi-h .. 5.. - . .A*. .  r" ..., r(:ff..gjnn j-ice. 9 1 ~  obtzined, p c ! ~  d<er .per.!ifnr zrp usus!!). 
satisfactory. 

A linear correlation has been found (7)  between the diffusion battery 
temperature and the pressed pulp moisture content. In the range studied. the press- 
ed pulp moisture increased as the average battery temperature increased. This has, 
of course, heen ahsewed and taken into practical account by many operators in the 
past. 

A pulp which presses better is also secured as the pH of the last few cells of 
the diffuser is lowered. This result may he achieved by permitting enough 
microbiological action to take place in the diffuser to acidify the pulp. This causes 
loss of sugar, hut in some cases this loss of sugar may be less than either a) the cost 
of the fuel to evaporate the additional water in the pulp drier, or h) the cost of the 
addition of acid to adjust to the same pH. Recent research provides greater 
understanding of and accurate procedures for controlling diffuser acidity for max- 
imum energy savings while minimizing sugar losses in the diffuser (5a). Substantial 
and continuous effort in this area is mandated by rapidly changing energy 
economics. From a practical point of view, 5.5 pH appears about optimum for the 
liquid in the last cell when considering this factnr. 

Therefore. with physically softened beets, both higher purity diffusion juice 
and drier pressed pulp result from lowering the diffuser temperature. Thus, the 
general statement can he made that the diffuser and the pulp drier operations are 
closely connected. 

ficulty. 
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Factor8 Affecting Drying by Heat. Drying is an evaporation step, in which 
the latent heat of the evaporation of moisture in the pulp is supplied by the sensible 
heat of the hot gases in the drier drum. (Figure 19-4). 

In the feed end of the drier where the pulp is wet. as the evaporation proceeds 
from the surface of the pulp, a gradient is established between the moisture at the 
surface and in the interior of the pulp particles. When there is considerable water 
present, the rate of diffusion from the interior to the surface is rapid enough to keep 
the surface wet, and evaporation takes place at a temperature helow the wet bulb 
temperature. As the hot gases and the pulp pass down the length of the drum. the 
temperature ofthe gas decreases, and simultaneously the temperature of the pulp in. 
creases. At the discharge end. the pulp temperature tends to rise. approaching the 
temperature of the emuent gases. However. actual tests sometimes show the pulp 
temperature may be as much as 100°F helow the wet bulb temperature. In a dircct- 
fired rotary drier such as is generally used for drying pulp, the wet hulh temperature 
may he in the range of 180.200PF. Thus, if the above conditions are met, the 
temperature of the pulp may be as low as 140 "F, even though h e  entering flue 
gases are at 1200 to 1500'F. 

As long as the pulp remains sufficiently wet to he below the wet bulb 
temperature, the evaporation is at a more or less constant rate. When the water con 
tent becomes so low that the surface is not wet, the evaporation rate decreases, and 
the temperature of this surface increases. However. at this point in the dryer drum, 
the temperature of the flue gases is now much lower than on entrance, and as a 
result. the temperature of the pulp increases only slightly. 

It is apparent that small. thin particles of pulp will lose their moisture much 
more rapidly than large particles constituting the main bulk. If this occurs close to 
the point of entry to the drum. the small particle will be heated nearly to the 
temperature of the combustion gases, which may be more than 1000 "F, and at this 
point some burning may occur. This is to some extent counteracted by the rapid 
drying and reduced weight of the finer particles. which are selectively transported 
toward the cooler zone at the discharge end of the drum. 

An important means by which the operator can increase the drying rate is to 
increase the amount of fuel fed to the furnace. This affects the rate of evaporation 
both by increasing the amount of available heat and by increasing the temperature 
difference between the pulp and the flue gases. 
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Great fuel economy is realized when the pulp drier drum is operating close to 
its maximum capacity. This is probably because the increased fuel requirements per 
unit of air fed to the drier causes a greater temperature difference. and in turn, in- 
crease~ the rate of evaporatinn. However, as will be shown, the total losses in the 
drum increase as h e  rate of evaporation increases. 

As a general rule. the drying drums have ample capacity to meet the normal 
fluctuations in pressed pulp muisture content. Nevertheless, increasing the pressed 
pulp moisture content from 79 to 80% will increase the load on the drier drum by 
approximately 6%. Hence, in the interest of economy. every effort should he made 
to keep the pressed pulp moisture as low as possible. This becomes increasingly im- 
portant if the drums are operated near maximum capacity. 

Further tests (1 1) have indicated that the pressed pulp treated with molasses is 
more susceptible 10 losses in the drier drum than plain pulp. However, the use of 
molasses does not greatly alter the rate of drying, but i t  does extend the constant 
drying-rate zone. Recause of its higher dry substance. closely approaching that of 
the dried pulp, molasses addition actually reduces the load on the drum per bag of 
dried pulp produced. 

Losses. Losses occur at several points in the water.removing operation. A large 
portion of the dissolved solids within the wet pulp is lost with the press water in the 
pressing operation, of which about 50% is sugar. In an effort to recover this sugar, 
and also io reduce the waste disposal problem, most factories treat the water far 
return to the diffusion operation. This factor, in addition to factors previously 
stated. makes the operation of the diffusion process and the drying process very 
clorcly related to each uthrr, su that h e  operations must he integrated to obtain the 
optimum iesuIts. 

The pressing operation is accountable for considerable loss of small particles 
of pulp which are forced through the screens and the presses. These particles can be 
recovered by either returning to the diffuser or separately screening and returning 10 
the pulp press feed. In  installations having a separate screen for press water, 
operators can learn whether or not there are holes in the press screen3 by observing 
the quantity of material separated on the screens. While these particles are often 
recovered in the process, they are susceptible to eventual lass in the drier drum. As 
was mentioned, they may be burned in the drier drum. Furthermore, when the very 
small panicles are dried, they become fine dust, which is very difficult to separate ef- 
ficiently from the waste gases. 

Plant tests have shown h a t  when the stack gases are not recycled to the fur. 
nace, the stack losses of particulate matter range from 0.15 to 0.50% of the total 
dried material. When the stack gases are recirculated. on the other hand. h e  stack 
losses are reduced by about 40 to 60%. Measured total drier losses range from 4.5 
to 10%. The difference between h e  total and the stack losses is, of course, the loss 
by combustion. The amount lost by combustion depends on the temperature of the 
hot gases entering the drier drum, the amount of pulp being dried and the amount 
of molasses or other additives being used. 

Losses within h e  drum have been found to increase with increased molasses 
addition, increased operating rates, increased moisture content of the drum feed, h e  
size of the pulp particles in the feed, and an increase in the firebox temperature. For 
minimum losses within the drum. it appears inadvisable to operate a i  a furnace ex- 
haust gas temperature above 1200°F. 

Control of the Drying Proccss. For reasons ofeconomy, it is advantageous to 
produce dried pulp containing only very slightly less moisture than the guaranteed 
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maximum. I f  the moisture content is much less, not only is the processor delivering 
more dry matter than he is paid for, but he is also out the cost of the additional fuel 
used in drying the pulp to the lower moisture content. If operations are such that 
the final moisture content has an uncertainty of *3%, the aim should be for a 
moisture content of 3% below the desired value in order to be sure that the pulp 
meets specifications. If operations can be improved to the point where the limits of 
fluctuation in moisture content are no greater than I % ,  then the goal can he set I %  
below the guaranteed maximum, reducing the fuel cost and increasing the amount 
of production. 

However, control of the drying operation is particularly diflicult in the 
rotating direct-fired drum, because ofthe long process lag which may amount to 45 
minutes. Some of the particles move much more rapidly and some much more  slow^ 
ly, hut the average retention time is so great that direct control of the moisture con- 
tent of the product being discharged from the drum has usually heen considered too 
slow to bc used for direct control of the fuel rate to the drier. The pulp drier 
operators have relied principally on "feel" Tor pfirnary control. A surprising 
amount of skill can he developed in detecting by "feel" small changes in the dried 
pulp moisture content. Certain radiant-heat drying devices provide moisture tests in 
10 to 15 minutes and are used in many factories. 

r 
Most of the more recent drier installations use temperature controllers to 

ing only a few seconds. As the load an the drier drum increases, the temperature of 
the flue gases leaving the drum decreases and the controllers, by increasing the 
quantity of fuel. bring the temperature back to the control point. However. this 
system of automatic control is defective inasmuch as the exit flue gas temperature is 
not directly related to the pulp moisture content. A temperature controller that 
alters its control point in direct relation to a change in load is now available (6.3). 

, regulate the amount of fuel. The process lag in the gas phase is relatively short. be- 
~ 

Some drier drums are also equipped with an additional controller bulb, placed 
in the inlet to the drum. to prevent the furnace temperature from exceeding some 
predetermined maximum value. 

Dried P u l p  Storage 
Warehousing Dried Beet Pulp.  In some installations. the dried beet pulp 

is bagged directly as produced. usually in 50 and 100 Ib burlap or paper bags, for 
direct sale or warehouse storage. The bags are then put in warehouse storage. This 
practice is rapidly diminishing in North America at the present time in favor of hulk 
storage. 

A considerable number of factories have hulk storage in which the dried pulp 
from the production line is stored until packaged or sold in bulk. This method has 
several advantages. First, delays in the packaging station do not delay production of 
the dried pulp. Second. in hulk storage the moisture content of the dried pulp from 
diffcrent operating conditions is readily equalized. Third, it is possible to adjust the 
temperature and humidity of the circulating air to alter ihe moisture content of the 
dried pulp to a desired value. All ofthese advantages in hulk storage systems tend io 
produce a more uniform quality of dried beet pulp. 

Other factories are pelletizing dried pulp from the drier drums and storing the 
pellets in hulk warehouses. Pulp pellets range in size Tram %" to M" diameter 
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depending on the ultimate use of the dried pulp in the market area surrounding thc 
affected factories (See Figure 19-5 and 19-6). The advantage of sloring pelletized 
product is that the density is increased approximately three-fold over bulk dried beet 
pulp, thereby reducing warehouse volume requirements for storage. 



DRIED PULP SPONTANEOUS HEATING 635 

Figure 1%. Typical die and rollcr aarrrnbly 
u r d  for produring hard pellcta. 1) Law 
dried pulp is Ad into p l l d n g  chamber. 
2) Rotation of die and rollcr prcmurc forces 
m a i ~ r i a l  rhmuKh die, cornprwing it into 
pllcts. 3) Adjumble knirn CUI pdlais 10 
dcaird length. (Cawrrsy, Colifornin Pcllrt 
Mil l  Co., Son Framcisco) 

Spontaneous Heating of Dried Pulps.* In many agricultural products like 
hay. grains, and beet pulp, a spontaneous temperature increase is often observed 
during storage. Such spontaneous heating may be caused by the metabolism of 
microorganisms or by chemical reactions in the material (2,4,5,6). Microorganisms 
do not proliferate at the relative humidity and moisture levels encountered in nor- 
mal pulp storage. In cold climates, however. moisture migration within the stored 
mass can raise the moisture levels in localized areas. and in these areas rapid 
microbial growth can occur with eventually resulting hot spots. It is indicated that 
spontaneous heating of dried beet pulp is mainly due to oxidation reactions, and 
that these reactions occur at all practical storage temperatures. 

At normal storage temperatures below 50"C, the oxidation reactions in beet 
pulp are not particularly harmful to the quality of the product. but elevated 
temperatures lead to degradation of the pulp. When temperatures rise unchecked, 
ignitition of the pulp may result. 

The principal factors which aNect spontaneous heating rates in dried pulp 
were investigated extensively by the research department of Spreckels Sugar Com- 
pany ( I ) .  Pulp samples with and without a variety of additives were produced in a 
small pulp drier under precisely controlled conditions and their spontaneous 
heating rates were determined at a number of moisturn levels and storage 
temperatures in a specially designed adiabatic calorimeter. Calorimetric data col- 
lected over a period of 12  years show that the spontaneous heating increases with 
moisturr content, level of additives, and storage temperature. It was further shown 
that the type of additive has a large bearing on the heating rates and that significant 
variations in heating rates occur from year to year. 

Data taken with the adiabatic calorimeters during 1967 with pulp from beeu 
grown in the Sacramento Valley of California may Serve to illustrate the effects of 
production and storage variables on spontaneously generated heat, and are shown in 
Table 19-5. 

The heating data obtained by the use of calorimeters permit the determination 
of conditions for safe storage of pulp. Safe storage is assured when the rate of heat 
removal from the storage pile equals or exceeds the rate of heat generation by the 
spontaneous process within the pulp pile. In large storage piles, natural heat losses 
through radiation, convection, conduction and evaporation of moisture may not suf- 
fice to prevent deleterious temperature increases in the interior of the pile, unless the 

'by W.O. Bernhardt 
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Table 19.5 Heating Rstm in Btul(tonXdsy) 

Storage Temp. "C. 40 50 GO 70 

Additive$ Moisture 
% on Beets % 
None 8.6 86 140 338 1260 
2% ln"laSsCI 8.8 191 299 814 2560 
2'7, CSI' 8.7 1G4 850 1955 4581 
2% CSF 12.1 631 1912 4241 6536 

pulp is put into storage at reduced temperatures, and the storage time is kept short. 
When the natural heat losses are inadequate to maintain safe storage temperatures, 
forced cooling is necessary. In most beet growing areas, the relative humidity and 
temperature of the air permit cooling of the storage pile by forced ventilation. It is 
advantageous to draw the ventilating air from the surface to the bottom ofthe pile 
because this permits determinations of the enthalpies of the ambient and exhaust 
air. When the air flow and enthalpies are known. the heat removed from the pile can 
be calculated. Conversely, when the weight of the storage pile and the heating rate 
of the pulp are known, cooling requirements can be calculated. 

Practical Methods of Combating Spontaneous Heating. In summarizing 
the indications in the preceding section, the pulp introduced into bulk storage 
should be cooled to as low a value as is practical. Same companies use rotary drum 
coolers, while others simultaneously scxen the resultant product while cooling. It is 
important to avoid excessively high moisture content of the dried pulp, say, over 
12%, as this leads to excessive heat development during storage. The type of ad- 
ditive and the quantity added also affect the rate at which heat is generated. Exhaust 
fans can be installed in warehouses to pull ambient air through the pulp storage pile 
and out through the exhaust fan to dissipate the heat as it is generated. I t  is also im- 
pnrrint re cernmnn EPPP in spr~ading the pvIp DYCV the ent i re  peri hwy of the 
pile to ensure that no concentrations of high moisture pulp are a c c u m u k d  and to 
offer the maximum opportunity for the pulp to reach equilibrium with the ambient 
air prior to being buried by additional product. 

It has been found that pelletized pulp is capable of dissipating the heat in 
storage to a greater degree than hulk pulp, mainly because of the voids between par- 
ticles which allow for greater movement of air and cooling. 

Monitoring of the pulp during storage is usually accomplished by the olfac- 
tory senses, since some of the products of decomposition are acetic and other 
volatile, pungent organic acids. Once detected, the most satisfactory method ofcom- 
bating spontaneous heating is to rapidly isolate and remove the affected area from 
the storage pile to allow a rapid dissipation of the heat generated. Care must be ex- 
ercised in this operation to prevent the accidental ignition afthe volatile gases which 
could result in a major fire. As mentioned earlier, the presence of high-moisture 
pulp adversely affects the heating rate of the resultant product, which means that all 
care must be exercised to avoid the inclusion of small beet tails or slabs from the 
dryinp operation. Some factories practice screening of the pulp to remove these 
large-sized particles prior to storage. 

Bulk Density of Dried B a t  Pulp  
The bulk density of plain dried beet pulp is approximately 8 to 16 lbdcu ft, 

and that of molasses-dried beet pulp is about 10 to 20 lbslcu ft, depending on the 
molasses addition. the character of the beets and the cossette size. For 33% molasses 
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solids on product solids, the weight per cu ft is about 16 Ibs, corresponding to an 
apparent density of0.25. With this low apparent density. very large and cumher- 
some hags are required for sacking the product. Pellets have a hulk density of30 to 
40 lbrlcu It. 
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Introduction. Extraction of beet sugar and the several by-products from 
sugarbeets requires large quantities of heat, since the starting material contains 
about 75% water. most of which must be removed during the processing. In the 
beet-sugar industry water and steam are singularly suited as media to absorb heat 
from the combustion of fuel in a boiler and to transmit the heat from the boiler to 
the process, when water is removed from process materials by evaporation. 

Steam is singularly suitable because: 1) boiler steam and condensate systems 
can easily be integrated with evaporator vapor and condensate systems: 2)  power to 
operate factory machines can be obtained at low cost by expanding boiler steam 
through prime movers, usually steam turbines, on its way to the evaporators; 3) 
modem boilers and associated equipment have a relatively high efficiency; 4) steam 
is in common use, is economically transported in pipe lines, and is easily controlled. 

Boilera. A boiler is a pressure vessel wherein water is evaporated to steam 
by the application of heat. It contains a furnace, which is an enclosed space for the 
combustion of fuel. 

Boilers used in the beet-sugar industry almost without exception: 1) are water- 
tube boilers with steam and water on the inside of the tubes and with heat applied to 
the outside of the tubes; 2) have natural circulation of water and steam resulting 
from differences in density (temperature); and 3) operate at pressures below 700 
psig. The boiler industry considers boilers of about 600 psig or less to be "law 
pressure" boilers. 

An ideal beet-sugar factory boiler is: I )  designed and constructed for safe 
operation: 2) of high quality design, materials, and workmanship; 3) competitive in 
price; 4) one that has adequate facilities to separate steam from water and thus 
deliver clean steam: 5) o f a  high thermal efficiency: 6) easily and economically main- 
tained, cleaned, and laid by; 7) responsive to sudden changes in loads: and 8) 
suitable for economic instrumentation and control. 

Some years ago an attempt was made in the engineering profession to initiate 
the term rfeom generator for a modem boiler. This attempt has failed, and the term 
boiler is generally accepted. 

A boiler can he located indoors or outdoors in almost any climate. More 
boilers are being located outdoors, particularly those that are substantially 
automated, but in colder climates usually the front face of the boiler is located in- 
doors. 

Until about 30 years ago most new beet-sugar factory boilers were assembled 
on the job. in the field. With suchfield-assembled boilerr, the larger the capacity the 
lower the installed capital cost per unit of steam generated, and this resulted in 
fewer boilers being installed. In fact several beet-sugar factories have been equippcd 
with hut one hailer. In recent years thc trend with field-erected boilers is to have 
portions of them shop assembled. 

Starting about 30 years ago use of shop-assembled boilcrs orpockaged boilers, 
where almost complete assembly of the boiler is done by the manufacturer in his 

*by F. H. Ballou. Jr. 



shop, began to gain favor in the beet-sugar industry because of their relatively law 
initial cost. Since, at that time, shop-assembled boilers could only k built and ship. 
ped in relatively small sizes. a bcet-sugar factory equipped with these boilers was 
likdy to havc up to six or seven units. Boiler manufacturers continue to design and 
build ever larger shop.assembled boilers. In 1969 a packaged boiler was built with a 
capacity of 325 000 lblhr of steam ( I ) .  Now, with more frequency, beet-sugar 
managements are choosing large shop-assembled boilers. 

T o  select the boiler steam pressure the design engineer will first determine the 
exhaust steam pressure to be used in the evaporator first eNect. Next he will deter- 
mine the amount of power to be generated by the prime movers. Then he will select 
a bailer steam pressure which will allow generation of the required power, using 
about 85% of process steam requirements. T h e  remaining 1 5 %  of the boiler Steam 
will then be "made up" by throttling steam from boiler pressure into exhaust 
steam 

In recent years. there is a tendency toward boiler furnaces with pressurizrdfir- 
ing and away from balanced draft. With balanced draft a slightly negative pressure. 
or draft, is maintained in the furnace by the action o f a  stack alone, or by an induced 
draft fan and a stack. With pressurized firing there is a positive pressure in the fur- 
nace. and since there is no induced draft fan, the total fluid friction in all ofthe air 
and gas passages through the entire boiler is overcome by the forced.draft fan. Thus 
the positive pressure in the furnace equals the sum of all friction losses between the 
furnace and the stack, less any draft created by the stack. 

In a balanced draft furnace any leakage results in air leaking in, whereas in a 
pressurized furnace any  leakage is outward. With balanced draft the furnace needs 
to be only reasonably tight, as a small amount of leakage is insignificant. With 
pressurized firing, special precautions must be taken to keep leakagr to an absolute 
minimum. Frequently the furnace is sealed with a welded steel or aluminum casing, 
and special attention is given to sealing soot blowers. damper shafts. and fuel-oil 
guns, where they penetrate the casing. Usually compressed air is piped to observa- 
tion p r t n  tc E--; the sight ,-lzss con! x d  to ac: zs z j s t  p"mp inta ;hc ftirnacc whcn 
the observation port must be opened. Pressurized firing reduces the initial and 
maintenance costs of the boiler and simplifies design, operation and control. 

Bailer Fans. Probably all modern bailers in North American beet-sugar fac- 
tories use one or more draft fans. Farced draft fans supply air for combustion. In- 
duced draft fans remove the gaseous products of combustion and discharge to a 
stack. With certain coal stokers a separate fan provides overfire air. With pulverized 
coal several additional fans may be incorporated in the pulverizing system. Fans are 
a vital part of any modem boiler. and their selection and application is very impor- 
tant but outside the scope of this book. 

Fucla. Coal has always k e n  a major fuel for boilers. The amount of coal us' 
cd in the United States, as a percentage of all fuels used. gradually declined from 
around 1900 until recently. A few years ago a cartel was formed by a number ofthe 
large oil producing countries. This cartel has been the major factor in limiting thc 
supply and effecting large price increases for petroleum products and natural gas. 
Actions by the cartel are resulting in significant increases in U. S. coal production 
and use. Deposits of coal are widely distributed over the world. In North America 
major deposits are known in 25 states of the United States, in five provinces of 
Canada, and in at least one state of Mexico. 

Coal is classified into four broad rankings: anthracite, bituminous. sub- 
bituminous. and lignite. These terms cannot be completely defined. Anthracite is 
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commonly considered to be the hardest coal, and lignite the softest. By definition, 
anthracite must contain 86% OT more of fixed carbon on a dry basis; lignite must 
have a moist Btu content of less than 8 300 per Ib, subbituminous 8 300 to I 1  000 
moist Btu per Ib and bituminous more than 1 I 000 moist Btu per Ib and less than 
86% dry fixed carbon. The heat content ofcoal can be up to 15 000 Btu per Ib or 
more. 

The suitability o f a  particular coal for a particular boiler can best be detennin- 
cd by an actual trial. 

Coal is commonly fed to the furnace by a sfoker or a pulverized-coalfiring 
syrfem. With the inception of the beevsugar industry in North America, coal-fired 
boilers were generally equipped with chain-gmfe, or fraveling-graft, sfokers. Coal is 
fed to a hopper located on the front of boiler with the front end of the chaingrate 
forming the bottom of the hopper. Coal feeds from the hopper onto the chain-grate 
as it moves into the furnace, after passing under an adjustable gate, which regulates 
the thickness of the fuel bed. Chain speed and depth of coal on the chain can be 
varied to meet changes in demand on the boilers. At the hack of the furnace the 
grate turns around the rear sprockets. thereby discharging the ashes by gravity and 
returning the endless chain-grate to the front of the furnace. 

About 1940 the spreader, or overfeed, stoker was developed and became 
popular for burning bituminous and subbituminous coals. By 1950, probably 15% 
of all stokers in the United States were ofthe spreader type(2). Coal hoppers on the 
front of the boiler discharge to a feeder which regulates the rate of fuel flaw to the 
furnace over a wide range. The feeder can be a traveling chain, a specially designed 
revolving drum, or other device. Following the feeder is a distributor which 
"throws" the coal into the furnace and onto the grate. A rotating shaft equipped 
with blades usually serves as the distributor and is designed to give. alone or in com- 
bination with other distributors. a uniform distribution of fuel onto the grate, which 
may be of the dumping or continuous discharge type. In boilers with spreader 
stokers and traveling grates, the ash must be discharged under the spreaders. If the 
grate discharges apposite to the spreaders. large pieces of coal that have longer tra- 
jectories may leave the grate only partially burned. Spreader stokers combine some 
of the principles of pulverized-coal and chain grate stoker firing, as fine coal par- 
ticles are burned in suspension and larger panicles are burned on a grate. Almost 
every type ofcoal can be successfully fired with a spreader stoker. Interestingly. they 
can also be used with such fuels as sugar-cane bagasse. sawdust. and coffee grounds. 

Practically every type of coal mined is k i n g  successfully burned in pulverized 
form. Pulverized conlfinng of boilers was f i s t  successful in the 1920's and since 
1930 has been the most common method of burning coal in the United States. 
Pulverization of coal can be accomplished in any one of several types  of mills: ball. 
tube, ball-race or ring-roll. The latter two types are the most common, and the last 
type is commonly used in the beet-sugar industry to pulverize quicklime in the Stef- 
fen process. Pulverized coal is carried in an air stream out of the pulverizer to 
burner fuel-nozzles, penetrating the boiler furnace wall. 

Arh is defined as incombustible solid matter in the fuel. All commercial fuels 
have some ash. Coal can have a great deal. usually within the range of 4 to 20%. 

The ash from coal, known as fly.ash or particulate matter, is carried by the 
combustion gases and if not r e m o d  will bc emitted from the stack as an air pollu- 
tant. Sulfur in coal results in emission of sulfur dioxide. In  many areas coal cannot 
now be burned because of emission of paniculate matter or sulfur dioxide or both, 



642 BEET-SUGAR TECHNOWXY 

unless means M provided for their removal from the combustion gases prior to 
discharge to the atmosphere (for detailed treatment see Chapter XXI). 

In some boilers, the ash collected in the first and second passes may be rein- 
jccted with thc overfire air to improve cflicicncy by burning carbon remaining in 
thili ash, as opposed to allowing it to pass on to the ash disposal system. This prac- 
tice must be carefully studied since the recycling of the ash may result in much 
greater abrasion of economizer or air heater and the induced draft fan, plus greater 
stack emission. Higher cost of maintenance and repair may offset the improved 
combustion efficiency. 

Residual fuel oil, commonly called grade No. 6, is the type and quality nor- 
mally burned in a beet-sugar factory boiler. In certain areas, particularly where 
transportation cost from an oil refmery is low, fuel oil can bc the lowest priced fuel. 
Typical properties of a residual fuel oil are shown in Table 20-1. 

Residual fuel oil must be heated prior to atomizing and burning. The oil 
burner, or gun, can be designed to atomize the ail mechanically, or to do so with the 
use of steam. Steam atomization is the more popular, even though it reduces boiler 
eflicicncy, because it produces good atomization. 

The higbcr cost for lighter and less viscous oils may be justified in cold 
climates where the oil is used as standby far gas by eliminating or reducing the cost 
of heating the more viscous oils to the required temperature for proper combustion. 

Residual fuel oil contains most of the solid impurities which were present in 
the crude oil. Although ash content is low. a trace to 0.296, if it contains alkaline 
salts, the ash can fuse at a low temperature and stick to boiler and superheater 
tubes, flux with firebrick, and cause corrosion of metal pans. When sulfur is also 
present these effects are accentuated. Vanadium is another ash constituent that can 
result in severe coating of boiler tubes with V*O,, which has a melting point of only 
1275'F. 

Table 20.1 

Specilic gravity, GO/GO'F 0.986 
8.21 

\'ircority. Sajbolt Furol, 122'F 170 
'L'enlperature for a,omizing. SF 200 

BLU per gallon 150 000 

Sulfur. 96 0.5-3.2 

Lbs per U. 5. gdlon. GOOF 

Temperature for pumping. *F 100 

Ash. % 0.08 

Sulfur in fuel oil, as with coal, can also result in unacceptable levels of sulfur 
dioxide in the combustion gases. A number of ail refineries have installed equip- 
ment to allow production of lowsulfur fuel oil. This too has increased the price. 

Natural gar is the easiest and cleanest common fuel to bum and control. 
However, when not at the proper combustion control point. natural gas is far more 
subject to explosion than coal or ail. Usually natural gas has between 950 and 11  50 
Btu per standard cu ft. Methane, ethane, and propane are the primary hydrocarbon 
constituents, and nitrogen and carbon dioxide can be important detrimental constit- 
uents. The specific gravity varies from 0.56 to 0.79. 

Natural gas is sold in several different ways: by volume, as defied in the pur- 
chase contract. per therm of 100 000 Btu, or in some arbitrary combination of 
volume and heat units. It is an exacting task to measure accurately the Btu content 
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of natural gas flowing past a particular paint in a pipe line as there must be known 
the Btu content, the flow in cu ft, and the flowing temperature and pressure of the 
gas. Many gas utility companies in the United States deliberately adjust their 
measuring and billing system to give the customer more Btu's than he pays for: thus 
preventing accurate measurement of boiler efficiency based on the utility meters and 
invoices. 

Ash in natural gas shows up as a light, loose deposit on the tubes. 
Contamination of natural gas by hydrocarbon liquids. ranging from heavy oil 

to gasoline, and by salt water does occur on rare occasions. These can be detected 
by observing changes in the flame, such as small moving yellow spots. 

Combustion. Combustion is the rapid chemical reaction and combination of 
oxygen with the combustible elements of a fuel. Coal, oil, and gas, which are fossil 
fuels, have only three elemental constituents, carbon, hydrogen, and sulfur, which 
will react with oxygen in air to produce heat. Sulfur is usually a very small percen- 
tage of the fuel and thus contributes a negligible amount ofheat. This leaves carbon 
and hydrogen as the main elemental fuels. 

Carbon can combine with oxygen to form carbon dioxide directly: 

c + 0 2  = co2 

2C + 0 2  = 2 C 0 ,  and 
2CO + 0 2  = 2c02 .  

Generally all three ofthcse reactions take place in a boiler furnace. With satisfactory 
combustion there are no more than trace amounts ofcarbon, hydrocarbons, and car- 
bon monoxide in the products of combustion discharged to the atmosphere. 

(1) 

D 
(3) 

or it can combine in two steps with carbon monoxide as an intermediate: 

Hydrogen combines with oxygen to form water vapor: 

2H2 + 0 2  = 2H20.  

s + 0 2  = so2 
2s + 302  = 2SO3 

(4) 

(5) 

(6) 

Sulfur combines with oxygen to form either sulfur dioxide or sulfur trioxide: 

Much ofthe carbon and hydrogen exists in the three fuels discussed herein in 
chemical intercombination as hydrocarbons, and can combine directly with oxygen: 
for example, 

methane CHI + 2 0 1  = GO1 + 2H10 Q 
ethane 2C2Hs + 7 0 2  = 4COz + 6H10 (8) 

As shown above, hydrogen in a fuel burns to water, which is emitted by the 
boiler stack in the form of gaseous water vapor. As pointed out in Chapter XI, 
water vapor, or steam, gives up a good deal of heat when it condenses. Thus the 
heat obtained from the water~evalving reactions will be one value if the water vapor 
is condensed and cooled to the initial temperature of the fuel. and another if it is 
not. The first value is called the high heal ualue, and the second the low heal ualue. 
Fuels are purchased in the United States on the basis of the high hear value, even 
though combustion gases emitted by bailers contain water vapor. Under normal 
conditions i t  is not economical to recover the heat in the water vapor. 

Heats of combustion for some ofthe reactions given above are listed in Table 
20-2. 
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Table 20.2 

Suhmncc Btu per Ib 

Hiah LO" 

carbon. 10 COZ 14 100 14 100 
Carbon monoxide 
Hydrogen 
Sullur, LO so* 
hlelliine 
E h n c  

4340 4 340 
GI 100 51 600 
3 980 3 980 

23 900 2 1  .,no .~ .~ ~~ 

22 300 20 400 

Nitrogen and other inert gases, 76.85% by weight of air, pass through the fur- 
nace and absorb heat which is lost to the atmosphere. Oxygen is 23.15% by weight 
of air. Since perfect intermingling of oxygen molecules from air and fuel particles 
cannot be achieved in the boiler furnace, a 10 to 20% surplus of air must be sup- 
plied to the furnace to obtain the most efficient combustion. 

Boiler Acc-ries. It is unusual to see a modern boiler in a beetmgar factory 
without a superheater, which consists of tubes located in the boiler-furnace struc- 
ture. Steam from the boiler at near saturation is piped to the superheater tubes, 
wherein its temperature is raised above the saturation temperature, or 
"superheated." Superheat of 100 to 130°F is common in the beet-sugar industry. 
With superheat each pound of steam then carries more energy, which results in dry 
steam through the steam mrbines. Far less erosion of the turbine hlader takes place 
with dry steam than with wet steam. 

Air preheaterr are P commonly used bailer accessory to improve boiler heat 
recovery-boiler eficiency. The air heater reclaims heat from the combustion gases 
leaving the boiler and adds it to the air used for combustion. Two types are in com- 
mon use. the tubular and the regenerative. 

E ~ v r w t u k e t ~  d i e  air" u s d  iu iinprwr buiicr eficiency. An economizer also 
removes heat from combustion gases leaving the boiler but adds it to the boiler feed- 
water. Tubular heat exchangers are used with plain or finned tubes. In a beet.sugar 
factory it is unusual to use an air preheater or an economizer. 

Tall stacks are no longer installed, and their place is being laken by fans, to 
create the flow of air to, and combustion gases through, the boiler. When new 
boilers are placed in an  older plant with a tall stack the stack can be retained as it 
will reduce the fan power requirements. In new plants short stacks are used. 

Soot blowers are used on coal and ail fired boilers, on air preheaters and on 
economizers to remove ash from the heating surfaces. Soot blowers are lances. and 
use compressed air or steam as the cleaning medium. They come in a variety of 
shapes, sizes, and designs. In very high temperature areas they must be retractable 
to prevent damage by heat. Stationary installations can be made in lower 
temperature areas. They are not successful in removing certain types of ash which 
can be deposited an the tubes by residual fuel oil. 

Many boiler ualues are used in critical sewices. Selection of these should be 
carefully made far reliability of operation and low maintenance. 

Centralized instrumentation control of the steam generation area of the bett- 
sugar factory in North America has been practiced for many years. I t  has resulted in 
improved boiler eficiency, economy of Labor, one-man operation by a skilled techni- 
cian, higher average operating rates, better matching of Steam production to factory 



process needs with less blowoff of steam to atmosphere. less boiler outage, and safer 
operation. 

More important functions for instrumentation control are: control of the water 
level in the boiler, combustion control, flame monitoring, and control of boiler 
steam pressure. 

Other functions which are frequently controlled or monitored are: feedwater 
pressure. frequently this is part of the boiler water level control system; 
temperatures of steam, feedwater, materials to and from air preheaters and 
economizers, fuel. oil, natural gas, and stack gas; pressures of fuel oil, natural gas. 
compressed air; draft or pressure in furnace, air heater, economizer, stack and wind- 
box; flows of steam, air, and water; levels in supply tanks and bins of water, coal 
and oil; dcaerators; pH of feedwater. boiler water, and treated water; caloric content 
of fuel; sugar content of various waters; conductivity or concentration of salts in 
various waters; rate of carryover from the boiler; and the alkalinity and other 
chemical characteristics of boiler water and boiler feedwater. 

Careful study should he given to the location of the instrument panel and to 
the arrangement of instruments and monitors thereon to obtain the fullest measure 
of performance from the operator and the installation. 

Fuel is ususally one of the three or four most expensive factors in the manufac- 
lure of a pound of beet sugar. and thus goad combustion control is of importance. 
The purpose of combustion control is to regulate the amounts of fuel and air to the 
furnace to achieve optimum combustion, and to do so at such a rate as to maintain 
the desired output of steam at the desired pressure. within a small tolerance. This 
can be achieved by controlling: 1) oxygen in the combustion gases. or. 2) the ratio 
offlow of fuel to flow of air. Other systems control the ratio offlow of steam to flow 
of air or the COX con!ent of the combustion gases. 

Meesurement of unburned hydrocarbons in the combustion gases also can be 
helpful. 

Monitoring of oprat ian or nonoperation of important pumps, fans. and com- 
pressors an  the main boiler control panel with visual and audible alarms is impor- 
tant. These can be tremendously helpful tools for the boiler operator. 

Boiler Feedwater and Boiler Water. Boilerfeedwater may be selected from 
two basic sources: I )  condensate from the first effect evaporator with makeup con- 
densate from other evaporator effects, vacuum pans, or heat exchangers, or 2) raw 
water. A third selection can he a combination of the two basic sources, such as first 
effect condensate with raw water makeup. 

The first selection has the advantage of economical recovery of the heat in the 
condensate and low solids content water. With the second, some device is required 
to recover the heat in condensate such as heat exchangers or a flashing system or 
hoth. An advantage of the second system is that contamination of the boiler water 
with sugar is a remote possibility, but unless the raw water is very pure it must be 
treated as an expense for capital cost of equipment. plus operating cost for 
chemicals, heat for deaeration (4) and lahar. Obviously such treatment must be 
tailored to fit  each particular raw water. The third system obtains the advantages of 
each selection in part. 

Water in the boiler should ideally maintain all internal boiler surfaces clean 
and free of scale or other deposits. he noncorrosive to all internal boiler surfaces. 
and have rm oxygen content; and be nonfoaming so as to minimize carryover of 
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boiler water from ihe boiler to the superheater, steam turbines. first-effect 
evaporator, and other heat exchangers. With suitable feedwater these ideals can be 
accomplished by chemical treatment of the boiler water and proper control of 
blowdown. Continuous blowdown gives far better control than intermittent 
blowdown and is now in common use. Heat is frequently recovered from the 
blowdown stream by flashing or by a tubular heat exchanger. 

A number of chemical treatment systems for boiler water are available. Fre- 
quently such reagents as caustic soda. sodium phosphate, potassium phosphate, 
hydrazine, sodium sulfite, lignins, and defoamers are used. It is beyond the scope of 
this book to discuss specific systems of boiler water treatment, but information may 
he found in the literature (3,5.6). 

Separation of steam from the boiler water to give a low carryover is very im- 
portant. Even a small amount of continuous carryover can build a deposit inside the 
superhrater tubes. Greater carryover or carryover of silica can result in dcposits of 
material on the turbine blades with resulting problems. Treatment to maintain a 
nonfoaming boiler water. and proper drum internal8 to physically aid the separa- 
tion. are necessary. 

Contamination of boiler feedwater and boiler water by a sugar-bearing 
material creates a problem peculiar to the sugar industry. The first procedure is to 
prevent the occurrence, but even with the best preventive measures, it does happen 
a n  occasion. The second procedure is to monitor the waters going to boiler feed for 
sugar. Instruments which will detect low sugar concentrations are available. With 
such an instrument and timely action, sugar can be kept out of the boiler. If sugar 
does reach the boiler it will break down into acids. cause foaming and massive car- 
ryover, corrosion, and deposits inside the boiler, and damage to the boiler and 
prime movers can occur. Acidity should be counteracted by generous doses of 
caustic soda, hut to prevent damage tu the boiler it should be shut dawn. 

Many beet-supr factories use an outside cnnaiiltant tn apl-cify treatment of 
boiler feedwater and boiler water. A number of reliable firms are available. 

Management a n d  Operation. In choosing a site for a new factory the local 
cost of fuel should be taken into account as one ofthe factors. Once a plant is built 
plant management must closely control steam production and use, to obtain 
minimum operating costs. Boiler efficiency is one of the important figures to be 
measured and controlled. because only a small deviation can be of significant value 
over a period of time. Measuring devices should be installed so that the boiler effi- 
ciency can be obtained at least with daily frequency, on each boiler, to allow prompt 
corrective action. 

Integration and coordination of seam generation and processing operations is 
necessary. Specifically, uniformity and economy of steam generation and steam 
usage in the process will reduce costs. All those concerned should be aware of the 
limitations of the process and the steam generation operations. 

Routine operation of a boiler is far easier than operation in an emergency. Im- 
proper boiler operation during an  emergency can result in costly damage to equip- 
ment and hazard to personnel. The boiler operator should know exactly how to 
recognize a problem in the early stages and what steps to take. Procedures can be set 
up for such problems as lack of feedwater. a tube rupture, carryover. the dropping 
of a generator OK the line, and flame failure (8). 
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Roiler eJjiciency is the ratio of heat output to the high-heat value of fuel 
burned, expressed in percent. 

where W, is the pounds of steam per unit time delivered by the boiler. h? is the heat 
content ofthe delivered steam in Btu per Ib, hl is the heat content of the feedwater 
in Btu per Ih, WRI) is the pounds of blowdown per unit time. h3 is the heat content 
ofthe blowdawn in Btu per Ib. WF is the quantity of fuel burned per unit time, and 
Qp is the heat value in Btu per unit quantity of fuel. All authorities do not give 
credit for incremental heat in blowdown (7,9) even though it has been transmitted 
through the bailer heating surface. In many plants a large portion ofthe heat in the 
blowdown is recovered hefore i t  is discarded. Certainly in this case the hoiler should 
receive credit for the heat. 
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The Electrical Power System' 
Processing of sugarheets to refined sugar requires about 1.2 kW of electrical 

cnergy per ton of beets sliced per day. This electrical energy demand is amecled by 
factors such as: the type of beet receiving and cleaning facilities. whether or not a 
SteNen house is provided, the lime production method, the drying and pelletizing of 
beet pulp, and the number of steam drive units, compared to electrical motor drives, 
particularly in the higher horsepower units. 

The electrical energy consumption per unit of product output has continually 
increased over the years, and this trend appears unlikely to change in the foreseeable 
future. Among the primary reasons for increased demand are h e  extensive 
mechanization ofthe process, higher lighting illumination levels. and new practices: 
i i . ,  waste-water treatment, requiring additional electrical power for circulation 
pumps and aerators. 

The electrical power system may be divided into two parts. generation and 
distribution. Power generation involves the conversion of heat and mechanical 
cnergy into electrical ener.q. Power distribution involves the transmitting of the 
electrical power from the point of generation to the paint of utilization. 

'by Aurand L. Munn. Jr. and Arnold J. Daglia 
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Power Generation 
The sugar industry, because of its need for relatively large quantities of low- 

pressure process steam. usually finds it economical to generate its own electric 
power. The  power plant normally uses a noncandensing steam turbine generator 
which will exhaust steam at the pressure required by the process This power can be 
generated for about half the fuel required in a condensing steam-turbine generator 
plant used for power generation only. 

Regardless of the source of electrical power, steam-boiler facilities must be 
provided to supply the process s t e m  requirements. With in-plant generation. the fuel 
chargeable to power is the additional fuel needed over that required for operation 
with purchased power. Figures furnished by the General Electric Company show 
that the cost of fuel chargeable to electric power generation using a noncondensing 
steam turbine ia 0.425 mils per kW-hr for each 10 cents of fuel cost per million Btu. 
Thus, using $2.80 fuel, and with a cost of purchased power of 35 mils per kW-hr, 
with an assumed load of 4000 kW, the factory could pay for the entire installation 
cost of a nuncundensing steam-turbine generating set in approximately three years, 
without considering taxes. 

Figure 20-1 shows a typical noncondensing steamturbine generator. Normal 
practice is to install one large unit rather than two half-capacity units because of the 
lower installed costs. 

The inlet steam to the turbine will normally be between 140 psig, 365°F. to 
600 psig, 725 'F. with the back pressure or exhaust varying between I 7  and 55 psig. 
The most modem power plants are operating in the range of 400 to 600 psis with 
superheat. and turbine exhaust at ahout 45 psig. The trend to the higher steam 
pressures is necessary because they aNect the elliciency and amount of power that 
can be so generated. 

As is shown by Table 20-3, if the process requires 100 000 Ibs per hour of 4 5  
psig steam and the inlet steam conditions are 600 psig, 720'F. the power generated 
is 4750 kW. However. with inlet steam of 200 psig, 388 'F, the power generated is 
only about 1800 kW. 
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Table 2 0 6  Stcam Rate. Pound. of steam per kW.hr for a 5000 kW noncandensing steam 
turbine I t  various loads with different inlet Steam conditione with the exhaust constant 

kW Load 200 psis, S W F  400 psi& 605'F 6W psis, 720.F 

a1 45 psig 

5000 44.0 23.00 21.01 
4000 44.2 23.29 21.12 
3000 47.8 24.60 22.35 
2000 55.0 27.25 24.70 

The reliability of the main steam supply system and the need for process steam 
has made it normal practice to power the large-horsepower individual loads with 
mechanically-driven nancandensing steam turbines. Typical of such units are the 
carbon-dioxide and Stemen-refrigeration compressors. Selecting several individual 
loads. usually over 300 hp. to be turbine-driven allows the steam designer further 
flexibility in balancing out the steam requirements in the whole plant. In addition, a 
pressure-reducing station will he provided between the main steam supply and the 
process steam header for flexibility in meeting steam demands under varying flow 
conditions. electrical load, and also to hold the process level constant. 

P u r c h a d  Power 
Almost all sugar factories purchase some outside electrical power, which is 

needed for standby usage when the factory is not in operation and the power plant is 
shut dawn. During such nonoperating periods, power is required for factory 
maintenance, liquid-sugar production, hulk-sugar handling, packaging operations, 
lighting, and ofice-machine operation. In the event of powmplant disturbances and 
loss of factory-generated power, the standby power provides for the electrical needs 
of critical loads, such as emergency lighting, and boiler plant and water systems. It 
is not usually economical to size the utility-company purchased~pawer standby 
source to meet the factory's total clccuical demand, and this is generally sized for 
about 20% of the total factory demand. 

Electrical Power Distribution 
Modem beet-sugar factories use the load-center philosophy of power distribu- 

tion. In load~center distribution systems electrical power is generated or purchased 
at a high primary voltage. and is distributed at this primary voltage in feeders to 
arcas of high-load density. At these locations, load-center unit substations are used 
to step the voltage down to that required by the equipment and devices served. See 
Figures 20-2 and 20-3. Distribution to the load at utilization voltage is made 
through feeders from the load-center unit substation, to motor control centers and 
then to the motors. A motor control center is a grouping of motor control devices 
for a group of motors in a given load area. 

A one-line diagram of a typical electrical distribution system for a modem 
beet-sugar factory is shown in Figure 20-7. Power is distributed from the main 
switch gear at a primary voltage of 2300 V or 4160 V, 3.phase. 60 Hz. Load.center 
unit substations in the range of 225 kVA to 1500 kVA step the voltage down to 480 
V for direct utilization by motors of 250 hp or less. Larger motors may be served 
directly at 4160 V with high-voltage motor starters. Induction motors rated 200 hp 
and below. and other loads such as control. lighting, welding, and heaters, are serv- 
ed from the 480 V system, or at their special voltages, through individual, step- 
down transformers. 
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Figure MZ. M e m k l r d  switch gear r n t d  4160 V. 250 mVA, Sphaac. ?-wire. and left to right con. 
h i n g  of: generator and exciter mntrol. utility incoming line and mctcring unit. and fire radial 
f d r r  X C t I O M .  

Figvre 203. Lordccntcr "nit auhstion. r a t d  1000 LVA, 4160 IO W 2 7 7  V, cornisling of pr ima7 
wlich, transformcr, and lor-roltsge axirch gear and metering. 

Some pertinent facts related to the choice and rating of circuit elements and 
arrangements shown in Figure 20-2 and the influence of the particular requirements 
on the beet-sugar industry a r c  

1 .  Load~center distribution systems have four major advantages over systems 
where large blocks of power are generated and distributed at utilization voltages. 
namely; a) lower installed cost ofequipment and cable; h) short-circuit or fault du- 
ty on the low-voltage systems is maintained within reasonable and economical 
values of equipment ratings; c) expansion of the system for increased loads is ham 
dled easily with new high-voltage feeder and l aadcn te r  unit substations without in- 
creasing the burden on existing equipment; d) voltage drops between the main 
switch gear and the load are minimized, since for a given load, fewer amperes are re. 
quired at higher distribution voltages. 

2. The choice of 4160 V for the primary dishbution as compared to over 
2400 V is based upon lower equipment costs. limitations and load handling as well 
as fault-interrupting capability at lower voltages, and also upon the relative conve- 
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nience for future expansion. The primary distribution at 4160 V appears to be op- 
timum for plant loads from 2000 to I O  000 kVA. Where all power is purchased at 
2400 V or where most of the load is concentrated using short feeders to motors in 
the 200 to 700 hp range, the 2400 V system may be desirable. 

3. Generation and distribution at 480 V as compared to 41 60 V is more cost- 
ly due to the larger conductor sizes required. A 5000 kVA, 480 V system requires a 
bus-conductor rating of 6000 A, whereas at 41 60 V the rating is only 695 A of 
load and would he handled easily with standard 1200-A rated equipment. A voltage 
of 480 is a standard secondary voltage rating for ladcenter  unit substations, and 
has the advantages of lower cost, size and flexibility per transformed kVA. when 
compared to a lower secondary voltage such as 240 or 1201208. 

4. Beet-sugar factories universally use a radial distribution system because of 
its simplicity. reliability, lower first cost, and lower maintenance. With the radial 
system, a given load is served by only one primary feeder, load-center transformer, 
and secondary feeder, and failures with quality equipment are extremely low.  par^ 
ticularly when there is adequate maintenance. There is no duplication of service 
equipment or tie cables as there would be with the more extensive primary or secon- 
dary selective systems. 

5. Load-center unit substations, each consisting of a 41 60 primary disconnect 
switch, a step-down transformer, and one or more 480 V secondary feeder breakers 
are common in the sugar industry in the range of 750 to 1500 kVA. The 1000 kVA 
unit with a standard impedance is popular far small and medium size systems, since 
short-circuit current levels on the secondary side are compatible with the interrupt- 
ing capabilities of standard design, grouped, motor~control centers and other low- 
voltage distribution equipment. For large systems, special impedances are available 
to permit compatability. For large spot loads at 480 V, or where there are special 
voltage regulation problems. or where diversity of load is involved, ratings up to 
2000 kVA may often he justified, in spite of higher short-circuit current levels and 
the need for more expensive feeder and motor-control equipment. 

Power Distribution Equipment a t  the Utilization Voltage 
Power can be supplied to motors or other laad devices by three methods: 

a )  direct service from the primary system at the primary voltage to large motors. 
normally rated above 200 hp at 2300 V or 4000 V; b) direct service from 480~V 
circuit hreakers for motors 100 hp and above at 460 V, using the electrically 
operated circuit breaker as the motor starter and the branch circuit protective 
device; or c) service from feeder circuit breakers of combination motor starters as 
part of a grouped motor control center. 

I t  is usually more economical to purchase 2300 V or 4000 V motors and can- 
trols for motors rated above 200 hp, when these higher voltages are available. If 
capacity at existing 480 V substations is not available, there is sometimes justifica- 
tion for choosing 2300 V or 4000 V motors at 200 hp and below. 

When 460 V motors rated at 100 hp and up are necessary, direct service from 
the load-center unit substation or switchboard feeder is economical as long as fre- 
quent motor starting is not necessary, as for boilerreed pumps, Electrically operated. 
low-voltage, air circuit breakers with properly selected, direct~acting trip devices are 
used for motor-starting duty. 

About 65% ofthe beet-sugar factory electrical load consists of 3-phase induc- 
tion motors with ratings of 100 h p  or below. These motors are aerved at 480 V from 
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combination motor starters as part of grouped motor control centers. In addition, 
the control center may be arranged with branch-circuit and feeder-circuit breakers 
for other loads such as lighting transformers, welding receptacles, and process con- 
trol. The main bus-conductor of the motor-control center is available in 600 A and 
1200 A ratings with short-circuit bracing for 22 000 A, symmetrical, as standard. 
Dirrct connection to load~center unit substations for systems of 1000 kVA or less is 
thus possible. Bracing for higher levels of fault current is available as an option for 
increased cost. 

Figure 20-4 shows a comparison of costs of induction motors and starters for 
460 V, 2300 V, and 4000 V ratings up to 500 bp. Approximate 460 V motor and 
control costs are plotted for two cases: where 480 V is available and served at that 
voltage, and where substation capacity must be installed to serve the motors and 
control at 480 V from the primary system. The break-over point at which high 
voltage motors and equipment are preferable over 460 V equipment is between 200 
and 250 hp. 

".I. 

Figure ZM. Cnt comparison for induction motor8 and mnlmb through SW bp 

Grounding 
The word "grounding" is commonly used in electrical power system work to 

cover both sysfern grounding and equipment grounding. These terms are defined 
by the National Electric Code as follows: a system ground is a connection to ground 
from one of the current-canying conductors of a distribution system or of an in- 
terior wiring system (system neutral ground); an equipment ground is a connection 
to ground from one or more of the noncurrent-carrying metal parts of the wiring 
system or of apparatus connected to the system. As used in this sense, the term 
"equipment" includes all metal parts such as conduits, raceways, motor and 
generator frames, and enclosures of switch gear and motor controllers. 

The primary purpose of equipment grounding is to limit the voltage between 
noncurrent-carrying parts of the factory and ground to a safe value (6). With a 
uniform voltage throughout the grounding system, the chances are reduced of large 
differences of voltage within reasonable reaching distances of an individual, great 
enough to shock or injure him when short circuit or other abnormal conditions oc- 
cur. I t  is important that adequate equipment-grounding be provided for the safety of 
personnel and property. 
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The primary purposes of system neutral grounding are to: reduce operating 
and maintenance expense through reduction in magnitude of transient voltages. im- 
proved lightning protection, simplification of ground-fault localions, and improved 
system and equipment fault protection; improved service reliability; and greater 
safely for personnel and equipment. 

System neutral grounding is generally done at the neutral of wyeconnected 
generators or supply transformers of primary voltage systems. and at the neutral of 
the load-center unit substation of lower voltage systems (4). Low-resistance ground- 
ing is generally used above 600V and the value of the resistance is chosen to limit 
the maximum phase-to-ground fault current to some value between 200 and 800 A, 
as determined by the overcurrent relays and current transformer ratios used an  the 
feeders. A IO-second. time-rated resistor is used to keep the physical size small, 
assuming properly coordinated relays are used to remove the ground fault before 
the thermal limitation of the resistor is reached. 

Historically, law-voltage systems have been operated either ungrounded or 
solidly grounded (5 ) .  Proponents for either system base their decisions upon whether 
it is desired to trip a feeder. for a ground fault on the feeder. Continuous process in- 
dustries have favored the ungrounded system since a detection system will permit 
alarming a ground fault without tripping open a circuit breaker. Then location and 
correction of trouble can he delayed if necessary, until it is necessary to shut the 
system down. However, an ungrounded system is susceptible to transient aver- 
voltages or a severe phase fault. if a ground develops on another phase during the 
waiting period. A solidly grounded system, on the other hand, while drawing 
enough fault current to trip a protective device. does not usually permit extensive 
electrical-burning damage to the equipment at the point of fault. Factors such as 
yrsonnel safety and shock hazard are also impartant in the decision as to the ground- 
ing method selected. 

_.._UO*- -..<-.. .,-" --" 
,"~o*,*- ,",,<". 

In recent years, the sugar industry has favored the high-resistance grounding 
method for law-voltage systems, in which a high value of resistance is used between 
the system neutral and ground (Figure 20-5). The value of resistance is chosen so 
that the maximum ground fault current is somewhat higher than the normal 
capacitive-charging c u m n t  of the system; Le., a few amperes or Icss. The high- 
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resistance grounding eliminates transient over-voltages, yet rctains the favorable 
non-tripping feature of the ungrounded system. The  low value ai current which 
flaws in a ground fault that develops in the high-resistance grounding system may 
be monitored and alarmed. Also, traceable signals may be superimposed on the 
system without interrupting the service, to permit easy location of the point of fault. 
High-resistance grounding has the disadvantage that a fault in one phase permits the 
other phases to be elevated above ground by the full line-to-line voltage. In addition, 
a phase.to-ground fault must be quickly located and isolated to prevent a severe 
phase-to-phase fault developing as the result of a ground fault in another phase 
developing elsewhere in the system (Table 20-4). 

System Overcurrent Protection 
Three basic devices are used to detect overcurrents resulting from faults in an 

electrical system. These are relays, direct-acting trips on circuit breakers, and fuses. 

Relays. Relays are devices installed in the system to detect trouble and cam- 
plete a circuit to electrically trip their associated circuit breakers to isolate the tmu. 
ble spot. Relays may be simple overcurrent devices, or they may use a combination 
ofcurrent and voltage, or current and current coils, to detect the direction ofcurrent 
flow, current balance. dillerences in the current at two ends o fa  circuit. o r  distance. 
Relay: provide the highest degree of overcurrent protection. They can be built to 
much more accurate tolerances than fuses and direct acting trips, and they have ad- 
justable time and current characteristics. At 2300 V and above, relays are common. 
ly used for generator. utility company incoming line, and feeder overcurrent pmtec- 
tion. In these applications, the relay current and voltage coils arc cunnectcd frurii 
the secondaries of instrument transformers that are installed in the power lines. 
Their contacts are thcn connected into the lripping circuits of their respective priwer 
circuit breaker. 

Direct-acting Circuit-Breaker Trips. Direct-acting trips are mounted directly 
on  a circuit breaker. and they trip the breaker by direct mechanical action in 
response to the magnitude of current in the circuit. At 600 V and below. their trip 
coils are connected in series with the power circuit. Although direct-acting trip coils 
are much less accurate than relays, they are entirely satisfactory for most low- 
voltage power system applications, and are commonly used for overcurrent protec- 
tion at 600 V and below. The justification far direct-acting lrip coils at lower 
voltages is strictly an economic one, because of their lower cost and the larger 
number required. 

Fuses. Fuses are thermally operated devices combining the function o f  fault 
detection and circuit clearing. They are used a n  bath high- and low-voltage systems. 
Fuses have the disadvantages of being nonadjustable and quite slow in operation for 
moderate values of fault current. They a x  less accurate than relays, hut comparable 
with direct-acting, low-voltage circuit-breaker trips for high current, and they are 
superior to direct-acting circuit-breaker trips on low-level short circuits or 
overloads. Another disadvantage af the fuse is that it can cause a single-phase candi- 
tion, with resulting damage to motors or other 3-phase units, unless the fuse is so ar- 
ranged to trip the other phases. For this reason, many engineers are reluctant to use 

~ fuses or other single-pale interrupters in applications for main feeder-circuit. over- 
c u r p  protection. However, a fuse of the current-limiting type has the advantage of 
being able to interrupt high short-circuit currents. 

Figure 20.6 summarizes commonly used fault devices for the sugar-industry 
power distribution system. 

. 
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Figum 206. Ty ir.1 k m u g n r  plant electrical qstem. o n d i m  dingnm nhoxing h u h  pmtrrrirr 
drrica m m m m ~ y  u d .  

Coordination of Protective Devices 
The final step in the design of an elecvical distribution system is a study to be 

sure that the various protective devices chosen are selective or coordinated. Thus 
short-circuit and relay coordination studies must he made. These studies are beyond 
the scope of this text, but the reader is rcfemd to references ( I  ,3). 

The overcurrent devices; i.e., relays, breakers with dirccvacting trips, and 
fuses, should he selective in operation in order to localize the disturbance. This 
means that the one nearest the fault on its power-source side should have the first 
chance to operate. If this protective device fails to function as intended. the next 
device in the chain should take over the task, and so on, in successive steps to the 
power-source circuit breaker itself, if necessary. When coordinated-selective tripping 
of protective devices is provided, the damage to equipment and delay to production 
resulting from short-circuits will be held to a minimum. 

Overall Planning 
The power system should be planned to obtain maximum Service reliability 

with minimum first cost. While the electric system may be installed in discrete parts, 
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it must function as a completely integrated and coordinated unit. T h e  best way to 
get an overall picture of the probable performance o f a  power system is to start with 
a well-planned. one-line diagram of the entire system. Please refer to Figure 20-7. 
Some of the more important aspects to be considered are: 

1. Sajety. One cannot place too much emphasis on safety. Electricity is 
becoming more and more an integral part af the processing equipment. I t  is also us- 
ed in all of the unit process areas through which many workmen must pass. 
Enclosures that are marked "far authorized persons only." are no guarantee. 
Authorized personnel make mistakes, too. Three fundamental ideas help to build 
safer power systems: inclose all live conductors in grounded metal. or provide a 
ground conductor in a "on-metallic raceway; use only adequate circuit-protective 
and switching equipment; and design the system so that working on energized con. 
ductors is not necessary. 

Figure M7. Electrical on,linc diagram shoring typical power distribution achemc for fartory r a i d  
4?w ion- p dn7 dice production capcity. 

2. Plan for a load growfh. Probably one of the greatest mistakes made in 
planning the power system is not allowing for expansion. Some important 
guidelines applicable to existing and new fa are: provide steam-turbine 
capability to drive the generator at the rated kV a power-factor loading of at 
least 0.92; review thoroughly the selection of turbine throttle steam pressure in 
order not to exceed the processing steam needs at increased generator loadings; buy 
main switch gear with a margin in interrupting rating to allow far additional power 
sources to the factory; allow some reserve substation capacity over predicted present 
loads. Provide a reserve margin of current-carrying capacity at main feeder cables 
and, perhap. more important, select the proper voltage; i.e., one high 
mit growth without bottlenecks in current ratings or interrupting c 

3. Simplicify. Make systems simple to operate and maintain. Many total 
shutdowns have resulted from systems with complicated and unnecessary interties. 
since operators are not involved in emergency switching practice every day. If the 
system is complicated, experience proves that workmen are apt to make mistakes in I 
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an emergency. These errors usually cause greater outages than would be obtained 
with simple systems. Simple systems are easy to understand, operate, and maintain 
both under normal and emergency conditions. The growing dilliculty of obtaining 
adequately trained personnel also makes a simple power system desirable. 

4. Flexibility. The electrical utilization load in the beet-sugar factory is not 
static. Historically, it has experienced growth in the areas of sugar storage, liquid- 
sugar production, and beet-receiving facilities. In addition. other phases of the pro- 
cess are modified to improve quality as well as production. The trend for most pro- 
cess industries is towards higher use ofelectricity per unit ofproduction. In order to 
permit the addition of blocks of electrical load. flexibility and expandability must be 
designed into the electrical distribution system. Adequate floor space for expansion 
of main switch gear and motor control centers should be considered. The installa- 
tion of more, but smaller load-center unit substations can often provide this flexibili- 
'Y. 

5 .  Service Rehbili ly.  Service reliability in any factory is important. The  pra- 
duction of sugar is a continuous process, so that a shutdown in any of the unit  pro^ 
cess areas from the beet end through the sugar end can result in complete produc- 
tion stoppage. High service reliability generally can be obtained through installing 
only the highest~grade electric equipment available. using the best installation 
methods. and by the development of good overall preventive maintenance pro- 
grams. 

6 .  Selecfion OJ' Equipment. The best available electrical equipment adequate 
for the application should be selected. It costs no more in the long run and pays 
dividends in service continuity and lower maintenance. Some widely accepted prac- 
tices arc: use only metal-clad equipment: consider the flexibility of 4160 V and 
below drawaut construction switch gear and similar construction for motor control 
equipment: choose noninflammable transformer coolants and wye secondaries for 
the loadenter  transformer so that neutral grounding may be used: use factory. 
assembled equipment far easier field installation and better coordination; and be 
sure equipment ratings are adequate in every respect, such as voltage. current, and 
interrupting rating. 

7 .  Modemuofion and Expansion. When the factory power facilities are 
modernized, the engineer is afforded the opportunity to design the ideal electrical 
system. First a one-line diagram should he made of the system that he would have if 
the plant were starting as new. Having made this plan. it should be used as a guide 
for all future modernization and expansion. Existing equipment obviously cannot 
all be retired at once. But, as additions and replacements of equipment are made, 
they should he on the basis of integration into the ideal plan. and not merely as 
replacements of equipment in the old system. One of the most significant parts of 
the new program is the selection of the proper voltage. 

Typical Power System 
Figure 20-7 is a one-line electrical diagam of a typical sugarheet processing 

factory. The system has suitable generating capacity to provide far the electrical 
production demand. "Kirk-key" interlocks are provided between the generator- 
main, and the power company incoming main breakers. The interlocks prevent both 
circuit breakers from being closed at the same time, assuring that the factory 
generating system and the utility system will not be operated in parallel. The 
possibility of their union out of synchronism when switching from factory to the 
outside power source is prevented. Sometimes, in order not to interrupt the power 

I 
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to ihe load during transfer, synchronizing equipment, not shown, will be provided 
for shon-time. momentary paralleling. When operating in parallel, either on a tem- 
porary or permanent basis, it is necessary that device 67 (directional power relay) be 
provided to separate the two systems in the event of a power.campany system inter- 
ruption. Tripping the incoming line circuit breaker assures that the systems will not 
be reunited out of synchonism. In the event the factory electrical-load demand ex- 
ceeds its generator capacity, a pcrmanenl parallel-tie between the factory and the 
power-company sysrems may be arranged. If so arranged, a tie-line controller is 
often used to optimize the purchased power. The controller senses tie-line kilowatt 
and kilovar flow, and if these values differ from the contracted levels or set point 
levels. corrections are made to the governor and voltage regulator settings for the 
plant generator. until the tie-line kilowatts and kilovars are at their correct values. 
Under-frequency relaying would normally be provided to prevent serious generator 
overluad. The  generator should also have directional-power and negativesequence, 
current relaying. Directionabpower relaying protects the generator from motoring 
on loss of ita turbine drive throttle pressure. Negative-sequence current-relaying pro- 
tects against heavy overloads resulting from a power company single phae .  

The main 4160 V generated power is distributed to seven load-center unit 
substations lhrough five 4160 V main feeder-breaker positions. Large hp, deep-well 
pump motors are fed directly at 4160 V with high voltage, motor controllers. 

Laad-center substations arc limited to 1000 kVA with standard impedance in 
order to limit short-circuit currents on downstream equipment to a maximum of 
30 000 A, symmetrical standard. Large 460 V motors are started across the line 
with an electrically operated subgtation secondary-feeder brcaker, since infrequent 
starts are required. 

The 480 V secanda7 switch gear feeder breakers serve motor control centers 
and power panel.boards. This secondary distribution serves the factory utilization 
load at 480 V. 

The generator and load-center substations, secondary-windinq neutrals are 
resistance grounded and the power company transformer bank is solidly grounded. 
If the power company was operated in a continuous parallel tie with the factory 
generator, it would also be resistance grounded. Selective tripping between the 4160 
V incoming, power-company main, and the 4160 V feeder breakers is provided for 
ground faults on any 4 160 V feeder. 

The system shown in Figure 20-7 is fully rated, and is provided with 
coordinated-selective tripping for overcurrent protective devices. “Fully-rated” 
means that all circuit protective devices have sulficient interrupting capacity to safe- 
ly clear a 3~phase. bolted. short circuit. 

The entire system may be expanded readily with a minimum amount of addi~  
tional investment. 

The reader will find the references (1-6) useful in further studies of this sub- 
ject. 
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Chapter XXI 

THE ENVIRONMENT' 

Introduction: 
The United States Environmental Protection Agency (EPA) was created in 

December of 1970 to consolidate and strengthen federal eNoorts to protect the 
health and welfare of the American people, by rehabilitation and protection of the 
environment. The EPA was designed to bring under one federal agency the authori~ 
ty and the means to control air, water, and solid waste pollution. The most impor- 
tant function of EPA was to assist states and local governments in their own eNorts, 
and while this system of state and local administration lends flexibility in handling 
the wide spectrum of conditions and problems. it places the beet-sugar industry in a 
very complex system of regulations. This does not allow for across-the-board solu- 
tions to environmental problems in an industry spread over 5 federal regions, 16 
states (and 2 Canadian provinces) that include climatic. geographic, social- 
economic and political variances. resulting in a wide range of regulation limits and 
control methods. 

The ultimate goal of h e  EPA is to transfer administrative authority to the 
state, when the State has presented a program that is at least as, or mote restrictive 
than the federal guidelines. This means a state or local government may impose 
more stringent regulations than the federal regulations, and results in a maze of 
regulations which must br carefully rescarchcd and complied with when  en^ 

vironmental programs are contemplated in a factory area. This also results in 
numerous permit applications that must be properly filed before construction can 
begin, and failure to camply with this condition adds to the complexities of en- 
vironmental problems. 

The EPA envisioned a basic system of three sepen t s ;  air, water and solid 
waste, but as the program evolved and more trouble spots developed, the categories 
were expanded. 

Following is a list of environmental subjects which are desipated as chapter 
sections: I )  air; 2) odor; 3) noise; 4)  water, a) ground water, b) liquid storage; 5 )  
solid and hazardous waste; 6) toxic substances. 

Under each of these sections will be discussed: 1) regulations, 2) sampling and 
analysis, 3) control methods and equipment, 4) results obtained by various systems, 
and 5 )  future status of the program. 

Air* 
The air around us has never been completely pure. There has always been 

some natural pollution which nature's own system could accommodate. However, 
with the industrial revolution and population explosion. the natural system became 
overloaded. 

A knowledge of the earth's atmosphere or troposphere is essential to  under^ 
stand the problems of air pollution. 

The troposphere is about 18 miles thick and is composed of the following 
elements: nitrogen, 78W, oxygm. '2196, and argon, 0.9%. The remaining 0.1% (or 
1000 ppm) consists of: carbon dioxide. 330 ppm; neon, helium and krypton (all in- 

* Written by C.H. Iverson, revised by D.L. Stewart 
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ert gases like argon). plus the pollutants. The above is for dry air. The water content 
can vary from 900 to 0.9 ppm. Therefore we are concerned with a miniscule frac- 
tion of the atmosphere that is constantly changing in composition, influenced by 
sunlight and varying amounts of water vapor(l). 

The Clean Air Act of December, 1970, did not achieve the intended goal of at^ 
tainment ofhealth-protecting standards by July 1975. and was amended in 1977 to 
allow states to draw up specific plans for bringing non-attainment areas into com- 
pliance. The law requires that if a state fails to implement and enforce the act, EPA 
must do it. This follows other congressional efforts to preserve and enhance the 
authority of state and local government while setting forth guide lines for state ac- 
tions. 

The Clean Air Act originally established standards for six pollutants: I .  par- 
ticulate, 2. sulfur dioxide, 3. carbon monoxide, 4. hydroarbon,  5. nitrogen diox- 
ide, 6. ozone. 

The intention of the standards was to protect the health (primary standard) 
and welfare (secondary standard) of the citizens of the United States. 

The compound lead was added to the original list in 1978. 
The following list makes up the Ambient Air Quality Standards as now effec- 

tive: 
Table 21.1 

National Quality Standards for Ambient ALT ( I  5 )  
(in microgram% or milligrams pcr cubic meter . ,dm3 and mgh3 and in pans per million . ppm) 

24 Hour 26 &m3 150"Um3 
Sulfur dioxide Annual 80 ,dm3 

(.03 ppm) 

[.!4 Fp") 
Sulfur dioxide 24 Hour 365 ,dm3 

3 Hour 1300 rJmS 
(3 ppm) 

Carban monoridc 8 Hour I O  mglm3 Same a8 Primary 
(9 ppm) 

(35 ppm) 
Hydraarbons ["on. 3 Hour 160 ,dm3 Same as Primary 
mnhanc) (6-9 AM) i.24 ppm) 
Nitrogen dioxide Annual 100 ,dim3 Samc as Primary 

(.05 ppm) 
OW". 1 Hour 240 ,dm3 Same 13 Primary 

( .I2 ppm) 

ppm) 

I Hour 40 rngim3 

Lead 3 Month 1.5 IJm3 

The two air pollutants that are of main concern to the beet~sugar indusiry are 
particulate and sulfur dioxide. A study conducted by EPA ( I )  indicated that in- 
dustrial processes are responsible for 47% of the total particulate emissions. while 
combustion accounts for 34%. The burning of sulfur-bearing fuel produced 82% of 
the sulfur dioxide and certain industrial processes contributed 15% of the total. 

Beet-sugar processing plants are located in a wide variety of geographic and 
climatic conditions, and air quality standards are designed to control each of their 
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individual problems. Data submitted by industry members show a wide range of 
emission limits imposed by the various air quality control agencies. 

Thus, source-point regulations require careful study of local, regional. State 
and federal laws before final decisions can be made on clean-up programs and 
equipment. 

Source Point Regulations 
Beet-sugar processing plants are typical stationary sources of air pollution. 

The control of existing sources is primarily under state control. Each state must 
develop a plan devised to fit the region's needs, and the technical and economic 
feasibility of controlling emissions. 

For selected categories of new industrial plants, and for those that are substan- 
tially modified, the law requires EPA to set emission limits for certain pollutants. 
EPA is to set standards for all major stationary sources. 

These new standards are the new "Source Performance Standards" and are 
specific for each industry. They should not bc confused with ambient air quality 
rtandards. The new source standards set maximum limits for each pollutant which 
can be emitted from the new Source stack, vent or process in the facility. 

Boiler house emission limits are established by two systems. One system is 
based on the total heat input in millions of Btulhr. The allowable emissions under 
this system vary over a wide range of values as illustrated in the industry report, 
where one company indicates a range from 0.7 Ibsll06 Btu to 1.8 Ibsll06 Btu 
allowable emissions. 

The allowable emission rate can also be calculated from Table  2. 

Table 21-2. 
Standard Gas Valurnc Table 

Source Gas Concentration Source Gar Cunrcntrarion 

Vol, SCFM' GKISCF" Vol. SCFM GRISCF 

7 o m  or lCIQ 
8 000 
9 000 

10 000 
20 oon 
30  o m  
50 no0 

80 on0 
ion  no0 

40 0110 

60 000 

0.100 

o.nm 
0.071 
0.062 

o.nso 
0.045 

0.096 
0.092 

0.057 
0.053 

0.042 

120 000 
140 000 

I80 000 

300 000 

160 ncio 
200 von 
400 oon 
son no0 
600 000 
800 000 

1000 oon 
(Nore: The data aubrniiied by thc industry mcmkrs indicatc both ofrheac ~ y ~ t c m s  are used to csiabliih 
thc allowablc emission rates, bur the heat input method i s  r n o n  often applied.) 
'(SCFM = smndard cuhic feet per minute) 
'' (GKISCF = pimistandard cubic hat )  

Stack Analysis 
Boiler-house stack analysis is an exacting procedure because of the nature of 

the stack and bailer-house equipment. Several sampling systems are available, but 
approval of the local agency is generally required. Work platforms and ladders to 
carry out the sampling may vary from region to region. but the following arrange- 
ment is basically acceptable: 

The sampling ports should be located 8 to I O  stack diameters above the last 
obstruction and at least 2 stack diameters below the stack exit. If the stack diameter 
exceeds 10 feet. 4 sampling ports at 90' spacing around the circumference are 



required. If the diameter of the stack is less than 10 feet, then 2 sampling ports spac- 
ed at 90" will suffice. The length of the probe is a significant factor. 

Thc work platform should be at least 4 feet wide and capable of holding 2 
people plus the weight of equipment. The platform should be 360' on a 1 O~foot or 
g-reater stack diameter but less than 360" for a 2 port system. 

OSHA (Occupational Safety and Health Administration) rules and  regula^ 
tiom should he observed and local requirements checked on the construction of the 
platform. railing and ladder. 

In the case of low profile stacks the location of the ports is often a matter of 
local preference, but a general rule is 115 ofthe stack height down from the S d C k  ex- 
it, when the diameter rule cannot be applied. Boiler-house stack sampling equip- 
ment usually is selected on the basis of agencies' requirements or recommendations. 
Smck sampling crews must he trained in the techniques. and in the case of opacity 
evaluations many agencies require that the opacity value be determined by a cer~  
tified observer. 

When stack emission loadings have been determined, selection of control 
equipment can be projected on the basis of information obtained from the survey. 
Basically four systems were found to be in use when the industry was surveyed. The 
four types of control equipment were: 

1) electrostatic precipitators, 2) water scrubbing, 3) cyclonic and fall-out charm 
bers, and 4) bag houses. 

Both of the electrostatic precipitators reported were used with lignite-burning 
boilers, burning lignite of relatively low sulfur content. A Venturi scrubber at the 
Wahpeton. North Dakota, factory of Minn-Dak Farmers Cooperative is also used 
with lignite, and both systems are satisfactory. 

The use of some mechanical collector preceding any device, to remove larger 
particles, seems desirable and reduces loadings of the final unit. The operation of 
any control equipment has some disadvantages. The electrostatic precipitator func- 
tions more eiiectiveiy on a higher suiiur iuel but seems to perform reasonably wri i  
an lignite. 

Scrubbing has some desirable features in that it cleans up the stack and 
reduces odor and sulfur emissions. Argabrite describes wet scrubbing for the 
removal of sulfur dioxide and particulate from boiler stacks ( I ) .  

The greatest objection to scrubbing is the possible emission of odors from 
stored scruh~water, hut proper pH control largely prevents this. However, in ex- 
tremely cold regions where ponded scruhbiny water is carried over winter, this is a 
problem. 

1. Flyash. This is an emission common to all coal burning units. Fly-ash is 
composed of the ash and unburned combustibles which become air~borne in the 
firebox and find their way to the atmosphere because of the velocity uf the flue gas 
through the boiler and up the stack. The type of stoker equipment has much to do 
with the amount of fly-ash emitted. Pulverized cool units with dry bottom furnaces 
are the worst fly-ash emitters because the only way to remove the ash is to carry i t  
out with the flue gas. Collecting systems far fly-ash must be installed for this type 
equipment. 

The spreader stoker is a lesser orrender, but still a serious one, because the 
coal is thrown into the combustion chamber where much of it is burned in suspen- 
sion. The ash of these finer particlei never reaches the grate and is carried out with 
the flue gas. 
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Chain gmle and undefwd  stokers are the least oNeenders. in that order. Fly- 
ash is generated in these types due to the air velocities through the coal bed, causing 
some particles to become air-borne. 

The type and screen analysis of coal are also factors in the generation of fly- 
ash. A high volatile. or coking type of coal generates a light-weight ash particle 
which is more easily &borne. Excessive fines result in a larger quantity of fly-ash. 

Smoke emission problems from a boiler plant stem from many sources. Some 
of the main causes and solutions are: 

(a) 7ype of cool. High volatile content coals generally burn with more smoke 
than low wlatile coals. This problem can generally be solved with a good overfire 
air system. 

(b) Load on boiler Too often boilers are operated at loads well beyond the 
manufacturcr's rating. At these overloaded conditions draft and overfire air aux- 
iliaries are apt to be deficient, high gas velocities tend to entrain more fly-ash, and 
high combustii,n-chamber temperatures often result in slagging problems. The solu- 
tion is obviuus. 

(c )  Ilijlribution of coal on grde. I t  is necessary for complete and efficient 
combustion that each piece o f  coal get just the right amount of air. Unevcn 
thickness 0 1  coal on the grate creates a condition where too much air goes thrciugh 
the fuel hed where it is thinner, and too little where it is thicker. This starving lor air 
in the thickcr fuel bed is probably the most common source of smoke. Proper 
maintenance and adjustment of the stoker should minimize this problem. With 
spreader stokers. a change in coal screen-analysis will change the distribution on the 
grate, therefirre frequent adjustments of rotor speed and spill plate position are 
necessary. Also, size segregation of coal in coal bunkers and spouts will affect p t e  
distribution. 

(d) Overfire air. The principal purpose of overlire air is to create sufficient 
turbulencc ahovc the fuel bed so that a more intimate niix1ure of air and 1he uti- 

burned volatile combustibles distilled out of the coal is rc.alizcd. 'This mixing aids 
the burning of these vnlatiles and reduces the amount ofsmokr genera:ed by pcmr 
distribution of air through the .grate. 

Overfire air systems can be inadequate. as a result of inipry~er  nozzle deign. 
nozzle location. inadequate fan capacity, or improper air duct sizing (1). If thcrc are 
smoke problems, it would be well to review the overfire air system I f  operating 
above the manufacturer's load rating, the overfire air system is probably inadequate. 

(e) Fuel-air rotio. Particularly i f  the boiler is uverl~ra~led. i t  may be operating 
with an inadequate air supply. An Orsat analysis can detect this condition. The fuel- 
air ratio may he improperly adjusted. and even a natural gar flame can smoke if i t  
does not have enough air. 

(I) Fuel oil atornizolion. The improper atomization of  hiel oil is the main 
cause of smoke from an oil burner. The  more finely divided the o i l  droplets are. the 
better will be the combustion. Oil atomization is a function of several factors: 
temperature ul the oil, nozzle pressure. and Steam pressure. if the oil is steam 
atomized. At  a given load the burner-tip orifices may be too large. hrcing operation 
at an oil pressure too low to provide adequate atomizatiun Kemcdy-change 1 0  a 
smaller tip. 

(9) Crnle ond sefting air seals. For most efficient and smoke-lice operations. 
all the air that enters a boiler should pass through the fuel bed, burner. or overlire 
air no~zles .  Therefore. i t  is very important that the air seals around and below the 



668 BEET.SUCAR T ~ c ~ ~ o i . o c s  

grate and in the ash flume be in goad condition. Any air that bypasses the fuel will 
reduce efficiency and promote the generation of smoke. Air entering the firebox 
from the ash flume over the end of the grate is a major source of "tramp" air. 

Pulp Drier Emissions 
While the 

process-weight system is most widely used. the gas volume is employed in some 
areas. 

The beet-sugar industry process-weight for pulp driers is generally defined as 
the weight ofthe pressed pulp plus the weight of solid fuel, and tbc alluwable emis- 
sion is computed from Table 3 on that basis: 

The limits are based on process weight or source gas volume. 

Tsblc 21.3. 
P m w  Weight Tnblc 

('E = allonablc erni~sion in Ihsihr) 

Pulp~drier stack sampling requires csscntially the same equipment and in- 
struments as boiler-house analysis. However, because pulp~drier stacks are generally 
of large diameter and low profile, the gas-flow characteristics make reliable sam- 
pling difficult. 

Brenton. Faist. et al. conducted an in-depth study of pulp-drier stack sampling 
and modified the meariirins pro~erliir~ I" cnrrwt fnr the ac!ual angle of gar flnw in 
the stack. This method insures a reasonable accuracy of results (6). As in the case of 
the boiler-house, sampling equipment and techniques are reviewed by local ageen- 
cies and stack studies are carried out with agency approval. 

Pulp-drier stacks are generally of low profile and sample port location is a 
matter of local agency preference, but 1/5 the stack height down from the exit is 
basically a reasonable rule. 

The sampling platform and ladder construction must conform to OSHA and 
local safety regulations. , 
Pulp Drier Emission Control 

When gas or nil is burned as a primary fuel. pulp-drier stack clean-up is easier 
than with solid fuel. 

The installation o f  cyclonic collectors in any drying system is considered good 
practice, to he followed by a secondary device. Three ofthe companies responding 
to the industry-survey report scrubbing to be an effective pulp-drier emissiowcontrol 
method. 

1. Installing multiple cyclones of smaller diameter. For a given pressure drop, 
a smaller diameter cyclone has a better collection effciency than a larger diameter 
unit. 

2. Skimming a cyclone vent stack, removing much of the particulate from the 
stack, and reinjecting this exhaust gas and particulate matter load hack into the fur- 

1 
I 
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nace as dilution air for temperature control. A diagram of this system is shown in 
Figure 21-1. This system has two major advantages which are: I )  A large portion of 
the particulate matter is removed from the exhaust, and 2) Increased thermal effi- 
ciency, up to 10%. can he realized because of the smaller heating load on the dilu- 
tion air, since the recycle gas is already above 200 "F. A further refinement of this 
system would he the addition of a high efficiency collector in the recycle circuit, 
recovering the dust rather than burning it in the furnace. 

II*.YI,L., 
(I". 

D Y l l P Y l  - 

NL.0". - 
Figure 21.1. Pulp dricr air pollution abarrmmt system (COuPteq SLeorm.Rogcr Corp.) 

The other source of air pollution in the pulp dryer is the dust created in the 
handling of dried pulp and pelleting equipment. This can he controlled with a well 
designed hood-pickup system and a high efficiency mechanical collector. 

Miscellaneous Particulate Sources 
1. Sugar granulofors. A sugar granulator is a rotary drum drier equipped 

with lifters which cause the sugar to cascade through a moving volume of air (see 
pp 497-499). This operation causes a significant amount of fine sugar to become en- 
trained in the air stream, which would become a particulatetype air pollutant ifex- 
hausted directly to the atmosphere. This problem is commonly solved by the use of 
wet scrubbing, using either water or a beet-end juice as the scrubbing fluid. This 
can be "once-through" flow or recycled bleed-omand makeup to control the Brix of 
the scrubbing fluid. The scrubbing juice is either sent to a melter. or returned to the 
beet end. 

2. Sugar conveying and sacking equipment. The dust generated by conveying 
dry sugar is generally collected by means of a system of ducts and pick-up hoods at 
transfer point. The dust-laden air is cleaned by a "haghouse" or fabricsock type of 
air filter. The collected dust is generally reprocessed through the meltcr. 

3. Lime dust. The handling of rock and burned lime can he a dust problem. 
A hooded, dust-pickup system cleaned either by a "baghouse" or a wet scrubber is 
most commonly used. 

4. Lime kiln boorter fan. This is normally no problem insofar as air pollution 
is concerned. However, during the charging of the kiln the fan exhaust can 



discharge enough particulate matter to be a problem. A wet scrubber can easily 
solve this. discharging the water through the carbon dixoide p s  washer. 

5 .  Fugitive duff .  Many states are now enforcing regulatiuns to control fugitive 
dust. Beside the above~mentioned sources, controls are being promulgated for road 
dust, coal handling, pulp lod ing  and blowing dust, and debris from factory and 
agricultural operations. 

Hesulfr of Air Clean-Up Programs. Because rules and regulations vary over a 
wide range of allowable emission. and because of the wide divergence of operating 
conditions, the cost-benefit ratios of the various industry programs vary. However. 
the industry members responding to the survey used in preparing this text report 
reasunablc results with the types of equipment described herpin. 

l h e  k'ufure Ouflaok of the environmental clean-up program indicates more 
considcration will be given tu the cost-benefit aspects of the program. 

In 19i7 Conqrss amended thr Clran Air Act tu contml certain hazardous 
emissions such as asbestos, beryllium, mercury and vinyl chloride. Also adopted in 
the amended act was a provision for offsetting reduction trade-offs in nun- 
attainment areas. This prr,visim allows a factury to be built ifexisting sources are 
reduced enuugh to compensate for the new factory emission. 

Odor' 

Regulations 
'l'he o d ~ r  problem is perhaps the most difficult to deal with, because odors of- 

fend the senses and often times C ~ U S C  emiitional reactions rather than being hcalth 
hazards. 'l'he EPA doer not spell out specific rules and regulations. hut rather 
alludes to u d a r  as a nuisance. However. sevrral states are setting up odor regula- 
tions. and the response to an industry survey indicates that most states are ap- 
proaching odor as a nuisance. However. the state of Minnesota, among others. has 
enacted concise rules and rqulationr to deal with odor. 

'lhe goneral pattern fin making up environmental rcplation has been to 
follow basic principles established by the leaders in a particular area, and one can 
assume future odor regulatiuns will adhere to  the general definitions of Minnesota, 
but it is conceivable that population proximity 10 odor sourccs may dictate variahle 
allowahle emission limits t o  fi t  particular situations. 

l'he following definitions are set forth in Minnesota odor regulations: 
I .  Amhient air shall mran that prrtirm of the atmosphere external to 

buildings to  which the general puhlic has access. 

2.  Odor concentration unit shall mean the number of standard cubic feet of 
odor-free air needed to dilute cach cuhic root of contaminated air, so that at least 
50% of the odor concentration test panel doer not detect any odor in the diluted 
mixture. 

3 .  Odor e m i s i o n  role shall mean the product of the number ofstandard cuhic 
feet per minute of air OF other p e s  emitted from a suspected odor pollution source, 
and the number of odor concentration units determined for that source. 

4. Odor soume shall he defined to include. but not he limited t o ,  any stack. 
chimney, vent. window, opening, lagoon, basin, catch-hasin. pond. open tank. 
storage pile. or any organic or  inorganic discharge andlor application which emits 
odorous gar. gases or particulates. 

' by D.L. Stewart 
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Odor Emission Limits 
The State of Minnesota has adapted the following odor emission limits: 
1. Odor sources emitting from well-defined stacks of 50 feet or more above 

grade elevation, and with adequate dispersion characteristics as detcmined by the 
agency, shall not emit odors greater than 150 odor concentration units. 

2. Odor sources of less than 50 feet above grade. or otherwise failing to create 
good dispersion conditions as determined by the agency. shall not emit more than 
25 odor concentration units. 

3. No odor murce shall have an odor emission rate in excess of 1 000 000 
odor concentration units per minute. (This limit has been criticized as being too 
restrictive and will be reviewed.) 

4. No odor source shall emit air contaminants into the air which cause odor 
outside the alleged polluter's property line in excess of the following limitations: 

a) One odor unit in areas zoned residential, recreational, institutional, retail 
sales, hotel or educational. 

b) Two odor units in areas zoned light industrial. 
c) Four odor units in areas zoned other than in subsections a and h. 

Odor Testing 

follows: 

and advisement. 

The State of Minnesota decrees that odor testing shall be conducted as 

1. Odor tests shall be conducted by the agency or under agrricy supervision 

2. Odor test panels shall be selected or approved by the agency. 
3. Ambient air samples containing the alleged odorous air pollution obtained 

downwind and outside the property line of the alleged polluter, and samples of air 
contaminant from the odor source allegedly causing the odorous air pollution shall 
be obtained. 

While the general practice is to treat odor as a nuisance, a question is posed as 
to the legal aspects of action by public or private citizens annoyed by odor. Several 
states address this by including a nuisance provision which states that compliance 
with the provisions of odor regulations shall not operate as a defense against action 
at law based upon a public andlor private nuisance. 

Because of the wide differences in state values for allowable odor emissions. 
each individual case must be evaluated bcfore a proper odor control program can be 
developed. 

The basic determination of odor concentration is done by a panel selected and 
approved by the agency. The samples may be presented to the panel by several dif- 
ferent methods. from a simple dilution method. (ASTM Dilution Method) (3) to ex- 
tremely sophisticated equipment such as the Forced Choice Triangle Olfactometer. 
This system was designed by IIT Research Institute of Chicago under support by 
Fats and Protein Research Foundation, Des Plaines, Illinois (4, IO) .  

The olfactometer utilizes the farced-choice triangle principle to determine how 
much an odorous gas sample must be diluted (with air) to make it indistinguishable 

The system is programmed to deliver 6 dilution levels to milling parts, con- 
sisting of 3 glass ports each equipped with a choice huttan. Two of the test ports 
deliver room air (blanks) while the third carries the diluted odor sample. The 

I 

I from non~odorous air. 

t 
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panelist is instructed to smell all three ports and select, by depressing the selection 
button, the port that contains the odorous sample. T h e  samples are present in as. 
cending odor concentration and the panelist must make a selection. 

The selection is shown on the signal box and this choice is recorded by the 
panel leader (see Figure 21-2). 

I 

The forced-choice triangle method eliminates many of the factors that mii  
influence a panel member's choice, and produces results that C M  be related to 
statistically significant confidence levels. 

The method of sampling a source, such as a vent or stack, is essentially the 
same as stack sampling. In addition to the determination of the gas flow volume, a 
sample of the gas is captured in a Teflon sample envelope. From the captured sam- 
pie i i e  dilutions are made tbr panel presentation and evaluation. 

The  Following survey was made while a factory waa operating on storage beeu 
and probably high odor concentrations were heing emitted: 

Tablr 214. 
Source Point Odor Eraluation (27) 

Tat Odor Odor Emidon 

I Pulp Drier inn Burnt Molrssci 37 x 106 
2 . Pulp Urirr 560 H u m  M O ~ ~ S P C J  13.2 x 101 
3 Dilluser Vcnl Xb 1.6 x 10' OTTcnsiuc-Cooked Cabbage 2 .4  x ID* 
1 vacuum Pan Vent 2600 Very Orrmaivc Pig Pen 3.1 x I U S  

OlTmliiuc-Cookcd Cabbage 3.4 x 10s 
" 1 . 5 X 1 0 ~  

5 I r t  Garb Tank 1700 

" 7 . 1 ~ 1 0 6  

" N~ F I ~ ~ ~  n.,. 

NO. Sovrrr con<. Odor Quality RdteDq OUIMin.. 

6 Thin Juice Vent igno 
7 2nd Carb 'lank 2.3 in* 
R x 2  EvaD 1 . 7  x 10' 

~ ~.. 
'I No Flow Data 
" No Flow Data 

9 14 '' 2300 
in u i h c r  ~~~~~~~~~~i~ t in* 
I I Thin Juim Boiler 4200 Slightly Oflcn+c 0.2 10' 
12 r2 Whiic Pan R I 10' Offeniivc-Ammonia 0.2 li IO' 
13 "3 Roilcr 60 Svlfur 1 . 9 ~  ton 
14 Uiffuncr Vcn, x 3  2200 Oiicnnivc-Cooked Cabbage 0.17 I 10' 
I S  Urn, Kiln 17 very Wcak-Ccmcm T~~ 0.036 I in* 

OUlMin-odor concentration uniulminucc 
'Sample drawn after r c r u b h  .. 

Figure 21.2. Tcchnirinn demonstrate thr FoarcdChoirr Triangle Olhcrornetrr. 
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Ambient air odor sampling can be accomplished with a portable unit such as 
the Uarneky-Cheney Scentameter. or captured samples may be presented to an 
odor panel using the techniques already described for source emissiuns. 

An ambient air odor study was conducted in 1976 by American Crystal Sugar 
Company to identify and quantify odorous emissions and to assess the impact of the 
odor emission on the residential areas (1 7). 

Uecause odors are a matter of concern when transport water is stored over 
winter months, an odor study was conducted with a federally-sponsored study of 
solids separation from transport water (9). 

The analytical program consisted of trapping emitted gases from the lagoon in 
a floating tent, and these gases were drawn afi and analyzed to determine odor in- 
tensity gas production rate. and the chemical composition of the gas. 

Odor concentration and gas production for each pond was correlated with 
several other known variables; surface water temperature, COD, pH, and TDS 
(total dissolved solids). While there was lack of correlation between ponds. there 
was a positive correlation for all ponds between odor and pH. and odor and TDS. 

This study was conducted during a winter operation and the observations car- 
ried on through the spring break-up period when the most serious odor problems 
occur (7). 

Odor Control Systems 
Several companies have reported success with stack scrubbing t o  control par- 

ticulate and odor emission. However, there are complications when scrub waters are 
stared over an extended period. Then the sulfur compounds generate some very of- 
fensive odor compounds. pH is a critical factor in scrubber systems. not only to  pro^ 
t ea  equipment but also to prevent the release of afiensive gases. 

There is a correlation between TDS and odor emission volume. A two~step 
biological treatment process has been developed to achieve purification in a closed 
anaerobic tank. (This system is described under Waste Water.) The method holds 
promise of control of odorous emissions in waste systems. 

The odor problem is a very difficult issue to deal with because i t  tends to 
arouse emotional problems as well as technical requirements. Howevei, better 
analytical methods and research aimed at identification of odor constituents makes 
control of odor more feasible than in the past. It is significant. however. that com- 
pliance with odor regulation does not necessarily protect against nuisance-type legal 
action. 

Noise 

Regulations 
The Noise Control Act of 1972 spells out federal plans to keep noise at 

tolerable levels. The federal laws are directed to emissions, but provide technical 
assistance to states establishing performance laws. The situation is also com- 
plicated by an overlapping of authority of the Environmental Protection Agency 
and the Occupational Safety and Health Administration. As a battle developed over 
the acceptability of85  or 90 dUA (decibel is a unit ofsound pressure level based on 
a practical scale of 0 to I 4 0  dBA) as the safe sound level for workers, i t  became evi- 
dent that OSHA has a direct responsibility for worker safety, while EPA must pro- 
tect the worker as a plant employee and a l ~ ~  as a citizen. 

The regulations developed require that industry exhaust engineering methods. 
then employ administrative procedures, and as a final step provide protective equip- 
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ment when the other methods were neither feasihle nor practical. It soon became 
evident that in wme factory areas it would be almost impcissible to reduce noise to 
acceptable levels, so permissible exposure limits were established. 

Exposure t o  continuous noise at two or more lcvels may not exceed a daily 
noise dose "D" of  unity, where "I)" is computed by formula: 

c c  
TI  T2 1'" 

D = 2 + A +  . . . . .  & 

where C is the actual duration of expiisure in hours at a given steady-state noise 
level, and 1' is the noise exposure limit (in hours) frn  thc lcvcl present during the 
time C, computed by the formula: 

T = -[0.2 16 (L-85)) 
2 

where "L" is the workplace sound level in dBA on the slow scale of a stcamlard 
sriund level meter. 

l'hc permissiblr exposure to continuum noise shall not exceed an eight-hour 
timeweighted average of 90 dRA. with a doubling rate of 5dRA. For discrce~ per- 
missible time expmrure limits, refer to the following table. 

Table 21-5 

Sound h v c l  dBA T i m e  Permitted, Hours 
ns Iti 
90 
9s 

105 
I no 

". 1 1 "  u.:, 
I 1 5  0.2s 

Worker exposure to steady-state continuous noise shall not exceed 115 dRA, and an 
impulse or impact noise of 140 dBA shall not exceed 100 such impulses per day, 
but a I O  dBA decrease in the peak pressure allows an exposure number increase by 
a factor of 10 impulses. Ambient or community noise is a problem for beet-sugar 
prncessing factories because the laws hold the operator responsible for noise from 
his device, vehicle, building, or property. Urban encroachment has placed many fac- 
tories in a vulnerable situation as an ecologically minded public wants a better life 
quality. The  industry survey indicates that there is a wide divergence in the present 
performance lawn but some areas are facing very stringent community noise control. 
The State of Minnesota has established the following amhient noise level limits: 

NOISE AREA Day (07WnW) Night (72Caa700) 

I. Keridmdrl 60 clHA 65 dHA 50 dBA 55  dHA 
2. I.iJl1, Indur,rial 65 dBA 70 dHA 65 dBA 70 dHA 
3 .  Manufacturing 7 5  dRA 80 dBA 7 5  dBA RO clHA 

1.50 1.10 L50 1.10 

where L50 is the noise level, expressed in dRA, which is exactly 50% ofthe time for 
a one-hour survey at the noisiest time of the day or night. LI0 is the Same condition 
for IO% of the test hour. dRA is th- weighted sound pressure by the use of A (con- 
cert pitch A 440 Hz) metering characteristics and weighting as specified in ANSI 
(American National Standards Institute) for sound level meters, S1.4 - 1971 (2). 
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The noise measurement is accomplished by the use of the fallowing basic units 
(23): 1. The sound-level meter, which is used for making measurements. 2. The 
octave~band analyzer which analyzes noise. 3 .  The sound-level calihratur which 
helps keep the sound measuring instruments properly adjusted. Many models and 
variations of noise measuring instruments are available and agency people may sug- 
gest a list of vendors furnishing the equipment, if such information is needed. 

Testing and Analysis of Noise 
The resting of noise levels i n  a factory must be approached broadly so as to in- 

clude plant conditions and community noise levels. As a practical matter. apparent 
high~level noise sources are studied for possible engineering or administrative ac- 
tion, and when these efforts prove IO he ineffective, protective equipment use can be 
requested from the agency. A typical high level area is the centrifugal station. The 
following octave analysis of one such station is shown in Table 21-6. 

Table 216. 
An Ocla'c a"alIail. 

' S p l  92 90 90 90 I V i  92 85 82 
Hz 31.5 63 125 250 500 1000 2000 4000 - _- _- - - - - 

8000 16000 31500 Ovcrall ICYCI: 95~100 dBA -_- 
82 F,q 5fi  

'Sound pressure l w ~ l  (drciklr). 

Because the decibel is a logarithmic function, different  value^ cannot he direct- 
ly added or subracted. Figure 21-3 illustrates this function. 

'P 

Figure 21.3. Graph for adding mund power and prcsurc Icrels. 

Figure 21-3 is a chart which can be used to ad both sound power and pressure 
levels. To use it, subtract the lower from the higher level and find the difkference on 
the top scale. Read the number directly helow this difference on the bottom scale 
and add this number to the higher sound level to get total dB. For example, subtract 
readings of 95 dB and 90 dB. The numerical difference is 5 .  The number below 5 
on the scale i q  1.2. 1.2 added to 95 equals 96.2 dB total. As can he seen from the 
chart, once sound l ~ v e l r  differ by more than 13 dB, they have little effect o n  one 
another and the total is. fbr all practical purposes, the higher reading (20). 

On the basis of a survey of selected noise levels by plant areas. several stations 
were found to he in excess or the 90 dBA allowable level far workers. The following 
areas were involved: 

I 

1 .  Centrifugal station - 95-100 dBA 
I 
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2. Centrifugal mixer station - 94-96 dBA 
3. Granulator station - 9 2 ~ 9 6  dBA 
4. Lime kiln area - 105~106 dBA 
5. Vacuum pump area - 100-106 dBA 
6. Air compressor area - 106 dBA 
7. Sugar storage bin (scroll area) - 100-108 dRA 
8. Boiler house (soot blower) ~ 120 dBA 
Y. Boiler house fans - in+ dBA 

I O .  Pulp hammer mill - 9 6 ~ 9 8  dBA 

Noise Control 
Thr  regulations dictate that engineering and administrative procedures (per- 

sonncl ahufflins) must be exhausted before authority to use protective equipment is 
given. There are numerous noire~control products available. Each US these cuntrol 
products has its own special properties jus t  a5 each noise prcrhlem has its unique 
characteristics. For a successful noise control p r w p m .  thc pnycriirs uf thr noise 
cmtrol prr~luct  must he properly matched to the special factory pmhlem. Specifica- 
tiun charts fbr mise-control products are puhlished from time to time ( I  I ) .  

'l'hc questiun of high and law frequency noise levels is a matter of concern. 
Because the human ear ran tolerate more low frequency sound than high frequency 
sound. most nuise regulations are hased u n  the "A" weighting rather than the dBR 
or dBC scale (A,  B, C indicating musical pitch). Monitoring and audiometric 
testing program requirements vary according to  state and Iociil agency rules. Record 
kccpins of workcr hcaring levels can he "cry invdvetl, and OSHA irquirrs 
employee audiograms he retaincd during the period of employment, plus 5 years. 
Nonnally a 10-day period is allowed to process new employees and this does reduce 
the neocrear~ record keeping of  seasonal employccs. where turnover can be very 
high. 

Liq-id Waste Dispaa!* 
Thc bect-sugar industry is essentially rural. Its factories were originally in 

rural arcas or in districts which were not heavily populated. Many factories were 
located on UT near streams which could furnish a water supply and also accept the 
waste discharge. Under these circumstances, waste disposal problems were minor 
until recent years. Now, however, modern civilizatiun is demanding more exacting 
controls w c r  factors affecting the environment. At this time. many beet-sugar fac~ 
lories which were originally in comparatively upen-space areas now find themselves 
surriiundcd by residences. Thus. most of the industry is faced with the necessity of 
making extensive improvements in its factories, fix treating and handling waste 
waters. 

The  uverall problem is complicated by a number of factors. The factories in 
North America exhibit a wide range ofvariatiuns in processes, capacities, and types 
ofequipment. There is also extremely wide variation in the water-usage systems of 
the factories. Additional factors are the widening range of climatic conditions and 
periods of operation of the factories. At one time, sugar beets were processed 
primarily in the late summer, fall, and to some extent into the winter on stored 
beets. These processing plants were either in warm or cool climates. I n  recent years, 
through various means, operating periods have been extended to all months of the 
year under a variety of climatic conditions. These factors prevent the possibility o fa  

'by W.O. Weckel. Revised by D.L. Stewart 
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single best solution to the waste water problem applicable for all factories. While 
many improvements have general application, nearly every factory has its own 
specific problems requiring special consideration, 

An understanding of the concept of water quality is essential to understanding 
of problems related to waste disposal and pollution prevention. In terms of pollu- 
tion, water quality is a relative term. Normally water is considered polluted if it is 
degraded significantly from its original condition, or in relation to the water into 
which i t  is discharged. However. in the broader scnsc. this is not necessarily so. 
Water which contains nutrient materials which will Stimulate undesirable growths 
in a pure stream or lake may be quite useful as an irrigation water. On the other 
hand, pure water of very low mineral content can be a pollutant to aquatic life in a 
saline environment. 

A number of water quality factors are important in waste-water consideration. 
Of these one of the most important is. solids. This term can be subdivided into set- 
tleable solids, suspended solids, and dissolved solids. Each of these may be classified 
as organic or inorganic. The modern concept of "refractory compounds" is applied 
to those which are resistant to natural or engineered treatment processes. They may 
range from common inorganic to complex organic compounds, such as synthetic 
detergents and pesticides. Other water quality factors are: odor, pH, thermal pollu- 
tion, and microbiological pollution. Many of these are interrelated; the degree of 
their individual importance varying widely depending upon local conditions. 

Waste Water 
Regulations 

In October, 1972, Congress passed the federal water pollution control act 
amendments. designed to abate water pollution. One of the objectives of this law 
was to clean up the nation's waters by July I ,  1983. 

This goal reflected deep public concern and also pointed the way for specific 
action by federal, state and local governments to formulate programs to control 
water pollution. 

To facilitate the administration of the water-pollution control act it was pro- 
posed that a permit system far point-source categories be established. This system 
was laheled the National Pollution Discharge Elimination System (NPDES) and the 
beet-sugar industry was at the top of the listed categories. 

On January 31, 1974, the Beet Sugar Processing Point Source Subcategory 
Emuent Guidelines and Standards were issued. These guidelines reflected com- 
ments by the beet-sugar processors on such factors as climate. age and size of plant. 
The original proposal of the EPA had been zero discharge, but industry com- 
menters pointed out that zero discbarge was not a practical goal because of water 
gained from beets. 

The published rules allowed for several options for controlled discharge. 
where ihe sugar-beet processing capacity docs not exceed 2300 tons per day of beets 
sliced, and the soil filmtion rate is less than 1/16" per day. Because in many areas 
soil filtration rates are below this level, the regulations were reversed to make 
allowance for treated waste-water discharge, to avoid excessive lagoon construction 
in areas with such impermeable soil. Subsequent quesdons were raised on the ques- 
tion of requirements of state and local agencies concerned with the quality of 
ground water. 

On January 3 1 ,  1974, the following emuent limitation guidelines were 
published in the Federal Register (14). The fact that these limitations are specifically 

I 
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made for the beetwgar industry does not prohibit a state or local agency from im. 
posing more restrictive limits within their specific political realm. 

"Effluent Limitations" (14). 

(Barometric condcnrcr water vnly) 

English units (lbs11000 Ibs of product). Maximum BODs (Biological Oxygen De- 
mand, 5~days incubation); for any day, 3.3; average of daily values far 30 con- 
secutive days, 2.2. Temperature not to exceed the temperature of cooled water ac- 
ceptable for return to h e  heat-producing process and in no event greater than 90 "F. 

When other beet processing waters are included the following limits are im- 
posed: T.S.S. max for any day: 3.3 IbsilOOO Ibs, and 2.2 IbsilOOO Ibs average daily 
for 30 consecutive days. 

Fecal coliform - not to exceed MPN (most probable number) of 400/100 ml 
ai any time. New source standards arc more restrictive and again rriay be superseded 
by local regulations. 

The receiving stream is protected by water quality standards. These regula- 
lions establish minimum dissolved oxygen, pH,  and temperature conditions in the 
stream. In colder climates the regulation prohibits discharge under ice, This re- 
quires lagooning of surplus water for eventual disposal or treatment. 

When waste water is stored in ponds, the bottom and levees must he sealed to 
protect ground waters. The levees must be constructed according to good engineer- 
ing practice using a I to 4 rise and run cross-sectional profile. 

Composition of Waste Waters 
Because of h e  variations described. "typical" values relating to volume and 

strength of BOD of the various btet-sugar factory waste wa~ers have only an order- 
of.magt:itude dqree  ofreliability. One tabulation of these values is shown in Table 
21.7. 

Trblr 21-7. Wmla fmm Each Praru  in Beet Sugar Msnuficlurc 

S u a p n d d  
Wsa,. WPLC. BODlton Sumpended Soliddton 

Floxlcon bmu BOD Bee" Solidi k l a  s l i d  
Sliwd (gal) (ppm) Slicrd Oh) (ppm) Oh1 

Flume water 2600 210 4.5 ROO-4300 17-93 
Srrccn WatLT: 

con,. dilTuuwr 400 910 3.0 1020 3.4 
Prras water I80 1700 2.6 420 0.6 

Condcnicr watcr 2000 40 0.67 
sclfcn wacr  120 10500 i n 4  100-700 0 1-0.7 

time cakc dluy 90 8600 6.5 120 000 90.0 ___ ___ 

Sampling and Analysis 
The determination of biological oxygen demand is the basic tool in wasie 

water analysis. The sampling and analytical methods may be found in "Standard 
Methods for the Examination of Water and Waste Water" (26). as well as methods 
for other parameters such as chemical oxygen demand, total soluble solids, and col- 
iform bacteria. 

Most agencies have some special modification or preference in methods. so it 
would be well to check on this matter with the head of h e  governing agency in the 
area in question. 

! 

I 
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Flume Water 
As shown in Table 2 1 ~ 7 ,  flume water is normally the waste stream accounting 

for the greatest volume, and in many cases the greatest ROD load. The flume water 
of a beet-sugar factory normally consists of the water used for sluicing, fluming, and 
washing the beets. and in some cases the water from the tare-laboratory operation. 
The source of flume water or its makeup, in the case of recirculation. varies. In 
some cases, the makeup consists of fresh cold water from wells or streams. In most 
other cases the source is condenser water, either from the seal tanks or after cooling 
in a tower or spray pond. 

DYmr W I I Y  
mmxm */nm I W U  em0 smrw 
0 RAW I l l l R T M  - . , " m I I n U  1"lE""EDl.lE I_R - .Lln w.rr. "c. 
m "EU9(u.,IO ..,In rU). 0 '"o-l 

Pigum 214. Material8 flow in brct4ug.r plant with "typical" water utililrtioo and w ~ s l e  water 
diepaul pttrm. 

Because of its large volume and, in many cases, its physical location, flume 
water generally also receives the miscellaneous small waste streams from the fac- 
toy. These include excess condensate, cooling water, pump-gland leakage, leaks, 
and spills. As such, flume water is generally considered the main factory waste 
stream. 

The composition of flume water can vary widely from other causes. In some 
cases, beets may be handled dry except for a flume which is so short that it is only 
an adjunct to the beet-washing equipment. In other systems, the flume system may 
be quite long. Most factories am equipped with wet hoppers for unloading. All of 
these diNemnces create variations in the volumes and quality of flume water. 



The composition ofthe flume water is greatly affected by the cleanness ofthe 
beets received. Since nearly all beets are now harvested mechanically, the amount of 
soil and trash delivered with the beets fluctuates considerably. Under good 
harvesting conditions. the amount of dirt tare is small; hut, however. when 
harvesting in wet fields following a rain, the amounts ofdirt may be extremely high. 
Again, after wet fields d 7  out, dirt in the form of clads is harvested and delivered 
with the beets. Under some conditions. flume water may reach solid contents ap- 
proaching a slurry. T h e  tops left on the beets and trash accompanying the beets can 
also add a large amount of solid organic matter to be handled. 

When the beets are in relatively sound condition, the amount of sugar lost to 
the flume water is small. However, when frozen or deteriorated beets enter the flum- 
ing system, they contribute large amounts of soluble organic matter to the water. 
The leaching loss of sugar into the flume water is related in some degree to the 
tempcrature ofthe water. In some factories, an attempt is made to minimize this ef- 
fect hy using cold, firs11 water for makeup. In some cases where condenser water is 
used fnr flume makeup. this rclatively hot water is cooled over a cooling tnwe~  
before use in h e  flumes. When frozen beets are being processed, hot condenser 
water is usually a requisite to thawing the beets sufficiently to permit handling and 
slicing. 

To meet the goal of zero discharge and regulations regarding ground water, 
the system must provide secondary treatment with final disposal of liquid waste ex- 
cess discharge to municipal treatment centers or to an approved irrigation system. 
Solid waste must be handled by agency-approved methods. 

Longmod Project. In 1967 a project was initiated to study thr recirculation 
and treatment of flume water at the Longmont, Colorado, fact07 of The Great 
Western Sugar Company. sponsored by the Beet Sugar Development Foundation 
with assistance from the Federal Water Pollution Control Administration, 

Essentially, the project was intended to study a plant scale installation which 
would provide virtually full recycle of the flume water ofthis factory. Its design pro- 
vided fnr: 1) lime addition to the system to keep the pH at levels high enough to 
retard bacteriolugical development, and to neutralize organic acids; 2) screening of 
flume water to remove large organic particles, subsequently fed to livestock: 
3) primary and secondary settling to remwe the settleable solids: 4) anaerobic 
treatment in a deep pond to reduce BOD prior to discharge; and 5) reduction of the 
discharge rate to a quantity equivalent to the inherent build~up in the system. 

A schematic flow diagram is shown in Figure 21-5.  The maximum recir- 
culated rate at any one point in the system was 9 000 e m .  The total flaw is screen- 
ed through four DorvOliver DSM, 3 m m  screens. equivalent to a standard IO-mesh 
screen. The particles retained by the screen were mostly organic and were collected 
and fed to livestock along with h e  organic matter accumulated at the trash collec- 
tors and the tailing scroll. Other installations have been made using vibrating-type 
screens instead ofthe DSM screens, which have been found to be subject to auhstan- 
tial erosion by the sand particles in the water. 

The  flow of screened water was split; onr-half returned to the fluming opera- 
tion without treatment, and the remainder to the ponding system for treatment. The 
portion treated was mixed with milk of lime to maintain a pH of ahout 10-11. 
Following the lime addition, the water flowed to one of two primary settling ponds. 

As shown in Figure 21-4. the two primary paints were banana-shaped lagoons 
lying on each side of a secondary pond. Each prima7 pond was 400 ft long and at 
an initial, clean depth of 10 ft held approximately one million gallons. Water travel- 

\ 
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cd through only one of the primary ponds at a time, at a velocity of 3 fdmin. The 
objective of the two-pond system was to permit cleaning of one while the other was 
in operation. 

Figure 21.5. Flow diagram of Long. 
msni Projm far stud of mimula .  
tion snd irrsimcni of dumc rater. 

, m 1 0  am- c m , m  Rs%R"C.R 

1 SPLIT U l tCfR~LOY.  1,1111AT110 

The secondary pond lay in the middle between the two primary ponds and at a 
depth of 9 ft contained about 2.3 million gallons. The maximum retention time in 
both the primary pond and the secondary pond was around five hours. After the 
lime-treated water flowed through the primary pond, it discharged into the secon- 
dary pond from which it was returned to the flumes. 

The system was designed to operate at virtually complete recycle of the water. 
but provision was made to permit the discharge of approximately 100 gpm of the 
secondary pond emuent to a deep anaerobic pond. The design volume ofthis pond 
was in excess of 7 million gallons at a depth of 15 ft. At the design flow rate, the 
anaerobic pond had a retention time of 50 days, excluding losses by evaporation and 
percolation, 

Since operation of anaerobic ponds is often subject to odors, attempts were 
made to avoid this by installation of mechanical surface aerators. Two electrically 
driven, floating, 5-hp mechanical surface aerators were installed. These were equip- 
ped with anti-erosion plates located in a horizontal plane below the aerator to 
minimize the drawing of other than surface water into the suction of the aerators. 
With this equipment, it was intended that an even stratum of oxygenated water 
across the surface would act as an eff&nt odor suppressor, while at the same time 
not interfering with anaerobic digestion below the surface layer. 

Operation of the system was generally successful from the start, although 
several difficulties arose. These were mainly of a mechanical nature or related to 
problems in handling surges in water flows, - common in beet-fluming operations. 
Remedial changes were made before the second campaign, and the system operated 
essentially as designed, 

Depending upon the cleanness of the beets received. the quantity of mud 
from the operation will vary. However, it is usually a large volume which can even- 
tually become a problem. In most areas, it is not possible to freely dispose of the ac- 
cumulated dirt because of the presence of weed seeds. nematodes, and other 
agricultural pests. 

In addition to the pond system used at Longmont and the mechanical clarifier 
systems in use, several other variations have been suggested or employed. J. M. 
Henry (19) describes several, including a circular pond system divided into four 
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segments, and other pond configurations utilizing series flow through two or more 
ponds. 

There is evidence that a sipificant reduction in the loss of sugar in the beet- 
fluming operation may result from a virtually complete recycle system. Blankenbach 
and Willison ( 5) described operation of a mechanical clarifier, flume-water recycle 
system used at Manitoba, Canada. High pH values were maintained with lime. The 
dissolved solids content of the flume water gradually increased through the first six 
weeks of operation to about 10 000 ppm. It remained at about this level to the end 
of the campaign. Since there is no fermentation in the water and a high pH of ap- 
proximately 11.5. they reason that there is essentially an equalization of the osmotic 
pressures between the water and the beets. If this is correct, the loss of sugar from 
the beets into the flume water would be minimal. This could result in a significant 
saving in sugar normally attributed to this cause. 

A recently developed method and apparatus for clarification and thickening 
(see pp 248) has been tested with flume water on a pilot scale). With the use of a 
polyelectrolyte settling aid. the new settler is estimated to require only about onc- 
tenth ofthe area o f a  conventional clarifier for flume water. It appears that by virtue 
ofthe shorter retention time using the new settler, combined with the application of 
the polyelectrolyte, the amount of lime required for satisfactory flume water recycle 
may he greatly reduced, or virtually eliminated. 

The closed loop system developed by the Manitoba Sugar Company sullered 
from a feature that is common to systems where highly loaded (BOD) waters are 
pondcd: that being the emission of odors during the spring i ~ n o v e r .  T o  correct 
this the Manitoba people installed an Enuiro-Clear mini-clarifier to concentrate the 
main clarifier underflow tn 85% solids. The Enviro-Clear underflow is then 
pumped with air assistance to a piling ground where the solids are stored in a semi- 
dry state. The stored solids are relatively odor free (24). 

Waste-water systems are generally a source of odor which does not permit self- 
purifiratinn. To nverrnrn~ this .ituation, A. R.  Snrignna znd SSA (Swedish Sugar 
Association) developed a process specifically for the treatment of sugar-factory 
waste waters. 

The process utilizes the same natural prucesses that occur in storage lagoons, 
but under controlled conditions, and with much greater efficiency than the natural 
process. One of the appealing features ofthis Anamet' system is that the anaerobic 
stage is a closed system, and the gases are trapped and led to the process as an 
energy source. Thus odor emissions are reduced or eliminated. 

The process separates the anaerobic and aerobic processes into two distinct 
steps. which allows optimization. The process Starts with a high-efficiency anaerobic 
contact-reactor, where organic materials (mostly sugar) are converted into organic 
acids, and finally into methane and carbon dioxide, providing a 70.90% reduction 
of BOD,. The remaining organic material, mostly acids which do not cause bulking 
sludge problems, is removed in the subsequent activated-sludge step, yielding an 
overall BOD, reduction o f  99%. 

4 very important factor is an improvement in the nutrient balance in the 
system. This is attributed to the fact that the anaerobic treatment does not require a 
high nutrient ratio because the BOD, is converted into methane and carbon dioxide 
rather than bio-mass. without removing nitrogen and phosphorus thus increasing 
the ratio of BOD5 : N P. The desirable ratio for an activated sludge process is BOD, 
= 100; N = 5; and P = 1 (21). 

Control of temperature and pH is of major importance in the operation of the 
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Anamet system to assure the bio.activity necessary. The system is energy efficient in 
that waste heat is utilized to heat the feed to the system. Also, the system produces 
methane gas for process energy. This energy is reported to be equivalent to 4.3 tons 
of oil for 5000 tons of beets slicedlday. Fig. 6 shows the basic system. 

Fig. 216 

The Braunschweigische Maschinenbauanstalt (BMA) offers a complete waste 
water system designed to meet the special requirements of the beet-sugar industry. 
The system consists ofthe BMA - Brukner classifier, the BMA . Brukner Sedimenta- 
tion Basin and the BMA Biological Sewage Quick.Purificatian Procedure. The 
classifier and sedimentation systems, along with the Biological Sewage Procedure 
were installed in the Wahpeton and Hillsboro, North Dakota plants constructed by 
BMA. 

These systems were also designed to separate transport water solids by 
vacuum filtration methods. This solids separation system was the subject of a study 
sponsored by EPA (9). 

Preliminary evaluation of the data indicates the solids separation system re- 
quires more sophisticated controls to justify the cost-benefit ratio of the program. 
The Wahpeton and Hillsboro systems arc operating satisfactorily on water treat- 
ment, but campaign length and beet quality, plus cold winter weather have caused 
problems in maintaining system capacity. 

The final disposal of surplus waste water is a function of climate, geography 
and state and local regulations. The  disposal options arc as follows: 

1. Evaporation - This option varies with temperature and rainfall and can 
cause great variations in the industry because of the geographic dispersion of fac- 
tories. 

2. Seepage - The matter of seepage was the subject ofmuch comment during 
the promulgation of sub-category rules. It was amended to account for soil porosity 
and deliberate pond sealing to meet state and local ground water regulations. 
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3. Discharge to a municipal waste system is an option open to the industry, 
and according to the industry survey is used by some members but at a significant 
cost in pretreatment and discharge fees. 

4. Irrigation as a disposal method has perhaps more variables than the other 
three options; because of allowable application rates and restrictions on soluble 
solid buildup. The method is quite acceptable in desert and semi-desert areas, but is 
a complicated and costly method in areas of dense soil and short growing seasons. 

Lime Cake 
Lime cake is almost always handled separately from the other factory wastes: 

normally by slurrying with water which is pumped to a pond or an area surrounded 
by levees. 

The slurry consists largely of calcium carbonate precipitate plus sugar, other 
organic matter, and water. In the lime pond. the solids settle out, leaving a liquid 
phase an the surface. If the pond area is sufficiently large and dilution is kept at a 
minimum, percolation and evaporation may permit containment within the lime 
pond. However, it is desirable to keep the water depth shallow in the lime pond to 
avoid odors. Because ofthis, it is common to drain offexcess water for separate land 
disposal or to send it to the excess flume water disposal system. The limecake super- 
natant liquid appears to furnish some beneficial nutrients, such as nitrogen, to the 
flume water. 

Three factories pump the mud from the carbonation filters to the lime disposal 
area without dilution, thus eliminating the drainage problem. In one installation. 
limecake is fed into the suction of the pump by a vertical scroll. In  the discharge 
line, two check valves are followed by the injection of compressed air at 10~15  psi to 
help maintain fluidity of the semi-liquefied mass. Using this system, limecake is 
transported about 1000 ft to the disposal area. The  material flows out of the 
pipeline much like lava, without producing any liquid disposal problem. The 
moisture oi h e  limecake is reponed to be about 50%. 

If limecake is recycled by rehurning, conceivably the disposal problem could 
be decreased. However, neither of two factories now reburning lime has made 
special provisions for decreasing the limecake drainage resulting from the disposal 
of the discarded portion of the carbonation cake, but. reburning docs reduce the 
space required by the pond lime. 

Steffen Waste 
Factories equipped with the Steffen process produce a liquid waste which 

has a high alkalinity and pH as well as a high BOD or organic content. The solids in 
the waste, in addition to the lime content from the Steffen treatment, consist ofsome 
sugar plus the nonsugars of the original molasses, including various inorganic, and 
a variety of organic and nitrogenous compounds. 

When Steffen waste biologically degrades, it soon loses its alkaline nature and 
various malodorous compounds are farmed. Where this waste is in ponds the odor 
problems have become acute. Also, when comhincd with the other wastes, the odor 
problem is transferred to the combincd waste. 

Because of the large variety of materials contained in Steffen waste, it has been 
given considerable study as  a source of many products. 

During World War I ,  a number of beet-sugar factories concentrated the Stef- 
fen waste and burned the concentrate to produce a crude potash salt for fertilizer. 
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Feeding and nutritional studies showed that CSF can supplement and partially 
replace molasses as a cattle feed. It can also act as a partial replacement for the 
molasses for the molasses dried with the beet pulp. When used as a dried-pulp ad- 
ditive, CSF is normally limited to a solids level, equivalent to something less than 
the molasses solids with which it is added. 

Land spreading is another alternative method of disposal of Steffen waste. 
This can be accomplished with a minimum of odor production ifmanagcd properly. 
The dilute Steffen waste is spread in a thin layer over a land area which is quite level 
and divided into small parcels by low levees. This permits feeding the waste onto 
these parcels in sequence to allow for absorption and drying before further add i~  
tions. It is beneficial to disc or till the soil between campaigns to enhance its absorp- 
tive capacity. 

At the present time, there is insufficient experience to predict the length of 
time Steffen waste can be spread on land without destroying the capacity of the soil 
to further absorb, or whether soils can be successfully reclzimed after such treat- 
ment. 

Two studies on biological treatment of Steffen waste were reported in 1968. 
In one (ZI), a four-pond system consisting of an aeration pond, a deep digestion 
pond, an algae pond, and a maturation pond, was studied. Carbonated Steffen 
waste was fed to the aeration pond, into which compressed air was distributed 
through perforated pipes. The digestion pond was seeded with sewage sludge from a 
municipal treatment plant. The algae and maturation ponds were provided with 
flow inducers to produce surface flow in these ponds as desired. These were 
operated either continuously or intermittently for a tutal time of two hours per day. 
Recirculation from the maturation pond back to the aeration pond was provided. 

Different feed rates, the addition of phosphate ion, and various other variables 
were studied. From this work it appeared that such a system could be used to pro- 
duce a stabilized waste without the production of significant odors. The cost to in- 
stall and operate such a system would be fairly high, and unfortunately. under the 
conditions of the study, no usable product resulted from the treatment system to off- 
set the costs. 

In another study on a laboratory scale (8),  it was demonstrated that Steffen 
waste can be treated with various yeasts. algae, and bacteria to produce a potential 
feedstuff in the process of stabilizing the waste. Successful separation of this 
material would then offer a potential revenue far the operation, Various specific 
organisms were studied. The addition of phosphate was also demonstrated to be 
very beneficial for the growth of the organisms. From this work, a basic scheme was 
outlined for such a treatment system. 

Condenser Water 
As shown in Table 2 1-7 ,  condenser water is one of the largest components of 

the factory vaste-water discharge. Large volumes of water are required in jet or 
barometric condensers to produce lowered pressures for the operation of 
evaporators and vacuum pans. Normally condenser water ranges in temperature 
between 50' and 65 'C. with a BOD of 50 ppm or less. 

Where water supplies are plentiful. condenser water has k e n  used on a once- 
through basis. Disposal has often been directly to R stmeam or other body of water. 
In some cases, detention ponds or other means of cooling have been used to prevent 
thermal pollution. Because of its only slightly degraded condition, condenser water 
is commonly used for both diffuser supply and make-up, and for flume water make- 
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up. This latter use is generally necessary in cold climates when working frozen 
beets. In such use, where flumewater recycle is employed, the clarified flume water 
is used to provide the condenser water supply. Thus, the passage through the con- 
densers becomes a step of the flume water recycle system. 

The  practice of reuse of condenser water has increased in recent years (sa). 
Various means of cooling are employed, such as spray ponds, natural draft, and i n  
duced draft cooling towers. The latter are generally necessary in warmer and more 
humid climates. In most cases, it is not possible to provide recycled water at as low 
a temperature as the normal primary cold water source. Because ofthis, the recycle 
system has provision far increased water use through the condensers. 

The  use of coaling towers for condenser water recycle usually presents a proh- 
lem in the growth of slimeproducing organisms in the tower packing. In the 
presence of small amounts ofsugar and other nutrients, and the warm temperatures, 
such growths are difficult to avoid. They are usually controllable by intermittent 
chlorination of the coolingmwer feed. 

Complete recycle of condenser water is sometimes somewhat difficult to 
achieve in areas where the water is of poor or marginal quality. As recycle is increas- 
ed, the scaling properties are increased by the concentration of solids through 
evaporation and increased pH from absorption of ammonia. Although most fac- 
tories use some type of polyphosphate threshold treatment to prevent scaling, it may 
also be necessary to reduce the pH with acid. With Some waters. a certain portion of 
fresh water makeup may he necessary. 

Condenser water discharge is regulated under the Beet-Sugar Processing Point 
Source Subcategory ( I  4). 

Miscellaneous Wastes 
In addition to the various wastes described. there are lesser additional ones. 

One of these is the gas scrubber water. A high quality water is not necessary but a 
zizesb!e vc!Gme cf wa!er is U S P ~ ,  Crane nf the Rritirh Sugar Corporation (sa) 
reports the reuse of clarified flume water in the gas washer, following which it is 
returned to the unclarified flume water portion of this system. 

He also reports that selected cooling waters such as those used far cooling tur- 
bine oil are recirculated over a separate cooling tower. Many of the other cooling 
water streams are recycled back to the main cooling tower and reused. Where fur- 
nace ash is conveyed with water, a complete recirculation system is reported. A 
separate settling lagoon is provided where the water is decanted and recycled. 

Foculfofive and Algnc Pond Syslcrns. It has been shown that stabilization 
ponds can be used in place of mechanized treatment processes in the biological 
degradation of organic waste waters. However, only recently these engineered ponds 
have been applied to beet-sugar factory wastes. Encouraged by the successful ap- 
plication of these principles in the treatment of other wastes. the Beet Sugar 
Development Foundation initiated a pilot plant study at the Tracy, California. fac- 
tory of the Holly Sugar Corporation with W. J. Oswald. C. G. Golueke, and R. C .  
Cooper as consultants. (28) 

In this pilot plant, screened. settled factory waste water was treated in a series 
of three ponds. These consisted ofa  I5 ft deep anaerobic pond, a facultative pond 7 
ft deep, and an algae pond 3 ft deep, from which the emuent could be discharged 
and also recycled back to the anaerobic pond. The deep pond was designed with the 
intention of creating an intensely anaerobic environment at its bottom. The medium 
depth of the facultative pond was designed so that its surface could be aerobic and 
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its bottom anaerobic. The third or algae pond was designed to operate at a shallow 
depth, thus being potentially aerobic throughout its depth. 

The three-pond system provided a cycle in which biodegradation was followed 
by organic growth in the form of algae. The basic reactions ofthe different phases in 
the cycle occurring in the three ponds is shown schematically in Figure 21-7. 

In the operation of the ponds, the main series of tests were made with the 
ponds in the sequence: anaerobic. facultative, and aerobic. The two main factors 
tested were rates of loading and recirculation. Later, a floating mechanical aerator, 
similar to the type used in the Longmont pilot plant, was added to the anaerobic 
pond to provide surface aeration for odor prevention. 

As a further experiment, the aerobic pond was provided with low-head, high- 
rate pumps and a set of bames to provide a continuous internal recycle mixing. This 
assists growth of algae and oxygenation by providing for the commingling ofthe set- 
tleable bacterial sludge and the algae in the supernatant liquid. These mixing 
systems should have a velocity of at least 0.5 ft p e ~  second. For the greatest power 
economy. operation of the mixing pumps should be at night when the dissolved ox- 
ygen levels ofthe algae water are lowest, or if the pH exceeds 9.5, so that COz may 
be replenished in the supernatant liquid by absorption from the atmosphere, if 
necessary. 

When the pond system was altered to provide mixing in the aerobic pond, the 
emuent from the anaerobic pond was transferred directly to the aerobic pond with 
the facultative pond omitted. 

Although mechanical and other disturbances resulted in less than perfect meat- 
ment operation. the system indicated that bet.sugar factory wastes can be thus suc- 
cessfully treated. BOD and COD were effectively removed in the pond systems 
tested with the highest removal rates in the anaerobic pond. 

As long as algae were present in the aerobic pond, recycle from this pond back 
to the anaerobic pond was beneficial in the prevention of odors. Without either 
recirculation or the use of the aerator, there were odor problems in the anaerobic 
pond. 
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In the operation of the algae pond it was found that a luxurious growth of 
algae could be decimated overnight by an invasion of predators such as dnphnia or 
~ o l i j r s .  In turn, these can be successfully combated with degradable pesticides. 

The influent to the pilot plant contained microorganisms of human origin 
from more than one source. It is significant that the reduction ofcoliforms and fecal 
streptococci was 99.99% in practically all cases. 

In addition to the demonstration of a practical waste-water treatment method 
by the Tracy studies, a field for future investigation is revealed in nutrient removal 
from waste waters. As shown in Figure 21-5, the anaerobic digestion process pro- 
vides a means of converting nitrogen to gaseous forms which escape to the al- 
mosphere. This is also referred to by Eliassen and others ( I  2). A further and more 
complete method of nutrient removal is offered in the production of algae ( 18). Not 
only docs algae production offer the removal of nutrients, hut the harvesting of this 
material for animal feed could provide an income (22). 

In the operation of deep anaerobic ponds i t  has occasionally been noted that 
the water turns reddish, varying from purple to vivid pink. Studies conducted on 
two such ponds by Cooper (8) disclosed the presence of at least two types of purple 
sulfur bacteria. These bacteria apparently serve as biological deodorizers, using 
hydrogen sulfide photosynthetically and producing elemental sufur and sulfates. 
Where these bacteria are present in sufficient numbers, hydrogen sulfide odors are 
usually greatly diminished or eliminated. 

Ion Exchange Wastes 
Special processes, such as the Quentin and other ion exchange systems, are not 

yet in general use and the best disposal of these wastes is not yet known, The 
regenerant emuent from the Quentin treatment is mainly inorganic salts and may he 
best handled by the land spreading method described for Stcffen waste. A recent in- 
stallation of an ion exchange process has indicated the feasibility of concentrating 
the anion-regenerant material for use on dried pulp as for CSF, and the cation- 
regenerant material is combined with liquid ammonia to produce a liquid am- 
monium sulfate fertilizer. If this can be handled and marketed in dilute form, a 
problem waste material can be turned into a profit. 

American Crystal Sugar Company at Moorhead, Minnesota. is pelletizing 
regenerants from an ion exchange system to produce a commercial fertilizer. 

Ground Water 
T o  safeguard public drinking water supplies, and to protect public health, 

Congress passed the 1974 Safe Drinking Water Act (25). 
A 1975 survey found that the wide-spread use of high-nitrate fertilizer and ex. 

tensive feed-lot operations contributed to a contamination of both surface and 
ground water. The survey resulted in state-set ground water rules. These regula- 
tions restrict irrigation and deep well disposal. They also set out canstmction stan- 
dards for waste-water storage systems. Monitoring ground water is a general condi- 
tion of waste-water-disposal permits, where ground quality is endangered. 

Liquid Storage 
An extension of ground- and surfacewater protection is set forth in liquid 

storage regulations. This includes molasses. thick juice, and liquid sugar as well as 
fuel, acid, etc. 
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These regulations require sealing of revetment (ditch) systems to prevent 
seepage to ground water. The regulations also require revetment volume equal to 
the volume of the largest tank, plus one foot of freeboard. In areas near population 
centers or quake areas. the entire volume, plus freeboard, must be provided for in 
the diked area. 

Solid Waste a n d  Hazardous Waste 
The Resource Conservation and Recovery Act (RCRA) is the firs1 comprehen- 

sive federal regulation of solid waste and amends the Solid Waste Disposal Act of 
1965. RCRA was enacted to achieve two basic objectives: (1) protection of public 
health and the environment and (2) the conservation of national resources. 

RCRA provides t h m  major programs to help reach these goals: I )  the 
establishment of a hazardous waste control program. to bc administered by the 
states, or, where states so choose, by EPA: 2) the establishment of a land-disposal 
regulatory program in each state; and 3) the initiation and support of resource- 
Conservation programs by state and local govcmmcnts. to consewe resources and 
reduce the amount of solid waste requiring land disposal. 

The regulations set forth two categolies that are of major interest to the beet- 
sugar industry. These are: 

(1) Regulations for the management oi hazardous waste (Subtitle C); 
(2) Land disposal of non-hazardous waste (Subtitle D) which will phase out 

open dumps. 
Subtitle C sets forth a “cradle to grave” regulation for the disposal of hazard- 

ous waste. and compliance by a generator does not insulate the generator from 
liability in the event of negligence by a disposal contractor. 

The selection of a site for a sanitary landfill, and the preparation of the site, 
must he approved by the proper federal or state agency. A permit for the operation 
of a sanitary landfill is also required. and in the case of hazardous waste will be 
limited to specially designated facilities where provision for bonding. closure cost, 
long-term care, and liability insurance are provided by the site operator. 

When a permit for land disposal of non-hazardous waste is granted, a ramp- 
type system is considered to be most acceptable. Because of a daily sealing of the ac- 
tive or work surface, control of rodents and blowing trash is accomplished, and it is 
possible to quickly restore the filled area to noma1 appearance. 

The progressive slope or ramp is suitable for a site that has a large depressed 
m a .  The trash truck unloads over the brink of the slope, whcrc the m a h  is com- 
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pacted by crawler tractor, and then covered with earth previously excavated from 
the lower toe of the slope. Each day's deposit should be covered with 6 in. of dirt, 
then compacted. and when final elevation is reached, a 2 ft cover is added with due 
attention to compaction and drainage. This method is illustrated in Figure 2 1 ~ 8 .  

Toric Substanca 

substances that were considered dangerous to man and his environment. 
The  toxic substances pollutant emuent standards (13) contained a list of nine 

In addition, the following list is under investigation and will probably be add- 
ed to the restricted list in the near future. 

Table 21-9 Compounds under Inratigntion 

a m n i c  orthahlomphrnol 
Y1C"iYm km.nsphtho1 
lead alpha-naphthol 
asb"tCE Y"," ZF&i"" 
zinc antimony 
chlordane heptachlor 
lindane cam hor 
acridine mc&l parathion 
hydroquinone pprnthion 

di-n.butyl phthls tc  

It is evident that several of the toxic compounds have been standard items in 
beet-factory operation. 

Several hazardous substances are currently used through the beet-sugar in- 
dustry, and are of major concern to those responsible for environmental programs. 
Among these compounds are PCB. used motor oil, lead acetate, ashestas, mercury, 
zinc, and nickel. 

It would be prudent to review records, interview older plant personnel. and 
acquire maps and photographs to locate any contaminated rubble that may have 
resulted from factory operation over the years, so that precautionary measures may 
be taken. 

cess additives, herbicides. laboratory chemicals, and possible sources of radiation. 
The problem of toxic substances is of great importance in the environmental 

control program of the beet-sugar industry. because of "third party" liability if in- 
juries happen because of product contamination. 

, 

Compounds which require special scrutiny are pesticides, rodenticides, pro- 1 
I 
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Summary 
The environmental clean-up program was thrust upon us by crisis motivated 

legislation to satisfy a concerned public. 

While the rules and regulations were well intended. many of them were not 
realistic in addressing available technology and the time table for accomplishing the 
established goals. There is now a campaign to correct these errors but the die is cast, 
and environmental clean.up must be considered as a significant part of the 
industry's technology and operating cost. 

Glossary of Environmentally Related Abbreviations 

ANSI American National Standards Institute 
BOD 3iological Oxygen Demand 
BOD5 
COD Chemical Oxygen Demand 
D Daily Noise Dose 
E Allowable emission, lbslhr 
EPA Environmental Protection Agency 
ESP Electrostatic Precipitator 
MPN Most probable number 
NPDES National Pollution Discharge Elimination Administration 
OSHA Occupational Safety and Health Administration 
OU Odor concentration units 
PCB Poly.chlorinatcd Biphenyl 
RCRA 
TDS Total dissolved solids 
TSS Total suspended solids 
SCF Standard cubic feet 
SCFM 
SPL Sound Pressure Level 

Same, determined by 5.days' incubation. 

Resource Conservation and Recovery Act 

Standard cubic feet per minute 

REFERENCES 

Argabrite, A.W.. "Wet Scrubbing for SO? and Fly Ash Removal from In- 
dustrial Size Boilers with a National Lime Scrubber Design," Pres. 18th 
Meeting A m .  Sac. Suga~  Beet Technol. San Diego, Calif. (1974) 

American National Standards Institute, SI.4 (1971) 
American Society for Testing Materials. Method D- I39 1-57 
idrm Method E544~75 
Blankenbach, W.W., W.A. Willison. PTes. at 15th Meeting A m .  SOC. Sugar 

Beet Technol., Phoenix. Arizona, Feb. (1968) 
Brenton, R.W.. L. Faist. J. Grennan, W. Schunter, J. Stark. "Evaluation of 

new procedures for testing pulp drier emissions, Pres. 20th Meeting A m .  
SOC. Sugar Beet Techno/., San Diego. Calif., (1978) 

Brunner. F.A.. "Investication of Surar Beet Wastc Odors." Pres. 20th 
Meeling A m :  Soc. SuGr Beet Technol., San Diego, Calif., (1978) 

I ,  Cooper, R.C. "Dcvd. in Ind. Microbiology," 4, 95 (1963) 
(8s) Crane, G.W. Pres. at 19th Techn. Conf. British Sugar Corp.. Ltd.. (June 

1968) 
(9) Dostal, K.A., "Evaluation of Fullk3calc Sugarbeet Transport Solids Dewater- 

ing System." (in press) (1979) 



692 BEET-SUCAR TECHNOLOGY 

(IO) Dravnicks, S.,  W.H. Prokop, 66lb Meeting Air Pollution Control Cammis. 
sion, Des Plaines, I l l .  (1973) 

(11) D u m ,  R.L., Plant Engineen'ng, (Dec. 14) (1972) 
(12) Eliason. R.. G. lchobanaglous, Environ. Sei. Techn, 3, 536 (1969) 
(13) Federol Register, 38 173 (Sept. 7 ,  1973) 
(14) Idem.. 39, (22) Part I1 
(15) Idem.. Catalog. 40CFR Part 5 
(16) Fischer, J.H.. W. Newton 11, R.W. Brenton, S.M. Morrison, "Concn. of 

Sugarbeet Wastes from Economic Treatment with Biol. Systems." Prog. 
Rept. no. I .  Beet Sugar Develop. Found., Fort Collins. Colorado (1968) 

( 1 7 )  Fordyce, I.V., D.L. Stewart. S.E. Bichsel, "Ambient Air Odor Study at 
Moorhead, Minn.." Pmr. at 19fh Meeting A m .  SOC. Sugor Beet Technol., 
Phoenix, Az., (1976) 

(18) Golueke, C.C., WJ. Oswald, H . R .  Gee. J.  Water Poll. Contr Fed., 39 823 
(19G7) 

(19) Henry. J.M., in "Reuse of Water in Industry." Butteworth's London, 201- 
247 (1963) 

(l9a) Lof, G.O.G. and A.K. Kneese, "The Economics of Water Utilization in the 
Beet Sugar Industry," Resources for the Future, Inc., Washington D.C. 
(1  968) 

(20) Linnell, Craig, "A Summary uf Facts Ahout Sound and Noise," unpb. 
study. Am. Cryst. Sugar Co. 

(21) Miller, P.H.,  F.G. Eis, W.J. Oswald, Pres. 15th Meefing Am. Soc-Sugar 
Beet Technol., Phoenix, Az. (1968) 

(22) Oswald. W.J.. C.G. Golueke, Pres. Int Conf on Single-Cell PTotein Fed., 
M.I.T., Cambridge, Mars., (Oct. 1961) 

(23) "Primer of Community Noise Measurement," General Radio Co.. Concord, 
Mass., (1974) 

Rychkun. M., M. Whetter, K.M. Foa, "Eis Clarifier on Beet 
Clarification at the Manitoba Sugar Go.. Ltd." Pres. et 
A m .  SOC. Sugor Beet Technol., San Diego, Calif., (1974) 

Safe Drinking Water Act, P.L. 93-523 
"Standard Methods for the Examination of Water and Waste 

Flume Water 
18th Meeting 

Water." 14th 
edn. Am. Public Health Assn., Amcrican Water Works, Assn., Water 
Pollution Control Fed. (1  975) 

(27) Stewart, D.L.. 1.V. Fordyce. S.E. Bichsel. "Source Point Odor Evaluation 
a1 Moorhead, Minn." Prer 19th Meeting A m .  SOC. Sugor Beet Technol., 
Phoenix, AZ., (Feb. 1976) 

(28) Tsugita, R.A., W.J. Oswald, R.C. Cooper, C.G. Golueke, Pres. 15th 
Meeting A m .  Sac. Sugar Beet Technol. Phoenix, Az. (Feb.. 1968) 



Chapter XXll 

PROCESS CONTROL 
The Process Control System' 

The process control system consists or an assembly of electric. electronic, and 
electro~mechanical components designed to assist the economics of the process 
operation through: 1) improvement of product throughput and quality. 
2) avoidance of production delays, 3) elimination of losses, 4) reduction of labor. 
and 5) elimination of safety hazards. 

Control systems have three basic applications: for motors, for equipment and 
machinery, and for physical and chemical quantities or qualities. 

Motor Control 
The control for each motor generally consists of the following items: I )  the 

power supply disconnect and circuit protective device (circuit breaker or fused 
switch), 2) contactor and overload relays-referred to as a starter, and 3) a start- 
stop pushbutton station. The circuit protective device and starter form a control 
module which ususally is physically located in an individual enclosure or grouped 
with other control modules in a motor-control center (Figure 22-1). Motor-control 
centers are widely used in the beet-sugar and corn-syrup industries. They provide 
for the maximum utilization of floor space, minimal overall installed costs, and flex- 
ibility of arrangement - far both initial layout, and future changes resulting from 
expansion or modification of tbc process. 

Figurn 22.1. Gmupd motor mniml mntrr. at Man-. California 

The most common motor control is the full-voltage. non-reversing (FVNR) 
motor controller used with a single-speed. squirrel-cage induction motor. The  
FVNR control is applied to pumps and mechanical drives having low mechanical 
inertias. Other types of motor controls are: (FVR) full-voltage, reversing; (RVNR) 
reduced-voltage, non-reversing; (MSFV) multi.specd. full-voltage; and (WR) wound- 
rotor induction motor. Multispeed motors and their controls are used where several 

'by Arnold J. Daglia. revised by John M. Leavell. 
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fixed speeds are required, such as for cooling tower fans. Wound-rotor motors and 
their controls are usually used where speed control is required. such as for beet 
slicers. 

Starcstop pushbutton stations usually are located at the motor, with  addition^ 
al stations located at either the motor control or at one or more operator panels. 

Basic Concepts 
The basic functions of the motor controller are: 1) the thermal overload pro- 

tection of the motor, and 2) to control the motor upon command of the operator via 
the start-stop pushhuttan station. But these functions do not protect the driven 
equipment or the process from abnormal or dangerous conditions, and also do not 
inform the operator that the abnormal or dangerous condition exists. 

Therefore. a well-designed process control system incorporates the following 
design considerations: 

1. Procesr interlocking with devices which function as a result of changes in 
flaw, pressure, temperature. level, torque, or  vibration, to name a few. 

2 .  Sequence interlocking that ensures that various drives, which are all part of 
the same process, are either started and stopped in the proper sequence. Sequence 
interlocking is always associated with material-conveying systems. 

3. Process and sequence interlock byposses to permit unprotected operation, 
to facilitate maintenance or unusual operating conditions. 

4. Centralized control of the process-far example a heet~receiving station. 
5 .  The motor-control circuit should be standardized and flexible enough to be 

used in any application. Such standardization assists in organizing a process-control 
system. simplifies field installation, troubleshooting. and specifications far the 
motor controllers. 

Equipment and Machinery Control 
The primary function of equipment and machinery controls is to reduce the 

drudgery and hazard of manual manipulation of multicomponent process equip- 
ment UT machinery. These controls reduce labor and material costs, eliminate safe- 
ty hazards, and most importantly, improve product throughput and quality. The 
almost countless uses for such controls include automatic beet sampling at a beet- 
receiving station, beet piling on a storage slab, p r o p m  sequencing of filter valves 
and sugar centrifugals, and the sequential flameignition of carbon and  lime^ 
regenerating kilns. 

These controls function by monitoring the status of process sensors and 
operator-control devices. The control then lakes a preplamed action for each com- 
bination of device status. Typical examples of process sensors are pressure, 
temperature, flow, or level-sensing switches, travel limit or position switches, and 
timing devices. 0perator.control devices consist of pushbuttons and selector  switch^ 
es which allow the operator to select the mode of operation and initiate control se- 
quences. Once the control sequence has been initiated, the operator is free to con- 
centrate his attention to that part of the process or to other processes which are not 
controlled. 

In addition to responding to process and operator inputs, the control should 
provide the operator and maintenance personnel with vuual and oudioble indicators 
of the status of the control system and possibly the reason for system failure. In- 
dicating lights. and status and alarm annunciators m samples of visual and 
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audiable indicators. Not all indications available from an equipment control system 
are needed by an operator. Far example, in a filter-control system. a valve position 
or sequence failure alarm is important to the operator, but the actual position of 
each valve associated with the alarm is important to the maintenance personnel. 

Basic Concepts 
To correctly design an equipment control, the following hasic concepls must 

he considered. 
I .  The desired control sequences which are required to control the  equip^ 

ment, and the potential process pwblems associated with each sequence. If the con- 
trol is for an existing process, current operating and process problems must be cor- 
rected or accounted for in the design of the new control to achieve successful opera- 
tion. For example, plugging chutes, undersized equipment, materials which permit 
corrosion or scaling, and other items requiring constant operator attention must be 
corrected. If the problem is a hature' of the process and therefore cannot be easily 
corrected, then a process sensor must be found that will detect and notify the con- 
trol that the problem exists so that the control may take a predefined action. 

2 .  Operator and maintenance personnel responsibilities and their levels of ex- 
perience and expertise must be defined so that the controls will permit both to func- 
tion effectively. 

3. The location of process equipment, operator stations, and control equip- 
ment must be known, to insure that operating and maintenance problems m e  no! 
designed into the system. 

4. Minimize causes of breakdowns. Most control failures are the result of 
wear or environment. The failure rate of a device can be estimated by comparing the 
operating rate of the device in the control system to its mechanical-life expectancy. 
For example. a device which operates once each minute for 24 hourslday, 7 days a 
week, would have to have a mechanical-life expectancy in excess of 500,000 opera- 
tions to last a year. A device which is required to operate in a dusty or damp  at^ 
mosphere should be sealed or protected in some manner. 

The temperature of the air surrounding control devices greatly affects their life 
expectancy. The life expectancy of electrical-insulating materials is halved far each 
10 "C increase in temperature of the material above its rated temperature. For exam- 
ple. an insulation rated 90 "C and operated at 100 "C will have a life expectancy of 
50% and if operated at I10 "C only 25% of its normal life. Consideration must also 
be gven to the physical location of the control equipment because of the long-term 
effects of steam, water, or acid leaks, and mechanical damage from such equipment 
as fork-lift trucks. 

5.  Provisions must be made to operate the equipment under abnormal or 
start-up conditions such as protective interlocking bypassed. or by direct control of 
each valve in the system. 

T y p a  Of Control Systems 
Today the control designer or specifier has a wide variety of types of control 

components to select from. The age of electronics is truly upon us - not only from 
a technical standpoint. but from initial and long-term costs. Use of the previous 5 
Basic Concepts will assist in the selection of one of the following types of control 
components. 

1 .  Relay Confrol Syrfems consist of electro-magnetic devices which haw one 
or more moving parts, usually exposed contacts, and usually require more floor 
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space than any other type of control. In addition they have from several to hundreds 
ofindividual wires connectinj from contact to contact or terminal boards, and addi- 
tional wires from the terminal boards to remote process OT operator devices. 14 
AWG wire is usually used for these types of controls because of their power re- 
quirements. A typical relay system is shown in Figure 22-2. The systems are usual- 
ly easy to trouble-shoot, up to about 8 to 10 devices per system. 

Figure 12.2. A rypirsl relay roniml diagram 
including four limit aritrhn. t h r e  control 
relays, and a t imcdrlay mlny LO control a 
solenoid n l r c .  

2. Sfeppinx Swifch Confrol Systems use a programmable-drum stepping 
switch plus standard control relays. This type of control is usually applied to pro- 
cesses which have one or more repeative cycles, such as a pressure filter, i s .  drain, 
mash, precoof, Jiltrr, and repeof. The stepping switch consists of a drum which 
rotates through 360 degrees in a predefined number of steps, has a number of 
separately actuated contacts (anywhere from I O  to 100). and an electro-mechanical 
drum drive which advances the drum one step at a time. The drum Serves as the 
devicr to program the status (open or closed) of each COIILPCL for each drum posi~ 
tion. Control relays are used for those functions which can not be easily accomplish- 
ed by the drum. There is a reduction in the complexity. number of devices and 
wires. and cost over a relay system accomplishing the same control functions. 

Figvrc 12-3. Bn*ic logic concept (English logic) 
is introdurcd i n  chis italic c o n i r ~ l  xhcmc. 
This include the U ~ C  q Y i p m m i  and 
machinery ronirol tunciion ss ahorn in 
Figure 22-2. 

3. Sfafic Logic Control Sysfems consist of control elcments which do not have 
moving parts, operate at low voltage and power levels, and require considerably less 
space than equivalent relay systems (Figure 22-3). They are usually used in systems 
requiring considerable sequence-type interlocking, or where the control logic is 
rather complicated, or where relays would not have sulficient mechanical life. This 
type of control system could be applied to a centrifugal station and has been used to 
completely automate several beet-piling systems. 

4. Programmable Conlroller Systems are based upon the philosophies vf their 
much larger brother - fhe  PTocess Computer. The dimeerence between the process 
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computer and programmable controller, as well as programmable controllers of 
various manufacturers, is the s i re  and complexily of the control problem they are 
capable of handling. The hardware portion of the programmable controller is the 
electronic circuit boards, power supplies, and inputloutput circuit components ~ 

process infefaces. The soffmore portion consists of logic statements which are pro- 
grammed (inserfed) into the logic-processing unit of the controller by its manufac- 
turer. Inputs arc uollage or currenf signals which are obtained from remote devices 
such as pushbuttons, process-sensing devices. or from process instruments. These 
inputs are monitored by the controller. Outputs are the equivalent to relay contacts 
in the relay control system. but are typically solid-state devices rather than electro- 
mechanical. The functional equivalents of time-delay relays and sometimes counters 
are incorporated in the logic to provide all of the basic functions of a relay control 
system. 

The control problem is programmed into the controller's logic processing unit 
by an auxiliary device - fhe Programmer T o  program a system. an elementary 
diagram for the control system is drawn in the controller manufacturer's lormat. 
Each process device is assigned an inpuf number which corresponds to the physical 
connection point on the controller. Each process control device (solenoid. valve, 
starter, etc.) is assigned an oufpul number which also corresponds to the physical 
connection point on the controller. The Programmer is then used to translate the 
functions shown on the elementary diagram into the controller's logic, and this logic 
is automatically inserted into the controller's logic processing unit. The act of pro- 
gramming the controller is equivalent to the laborious task of mounting and wiring 
the relays of a conventional. relay-control panel. 

The Programmer is also used to trouble-shoot or modify the system. The  Pro- 
grammer is used to monitor the internal status of each of the controller's input and 
output functions. In addition, indicating lights are usually provided on each input 
and output module to assist the maintenance person in troubleshooting the system. 
Therefore, essentially the same procedure is used to troubleshoot a programmable 
controller system as would be used on a relay-control system, but the tools are dif- 
ferent. Control modifications are accomplished by connecting or disconnecting pro- 
cess devices and reprogramming the controller. 

Programmable controllers have almost completely replaced static logic-control 
systems because of their acceptance by maintenance personnel, cost advantages, and 
overall simplicity - minimal internal-panel wiring. In addition, programmable con- 
trollers are presently cost competitive with relay control systems having more than 
10 to 15 relays.Their susceptib es to electrical interference and component failure 
have been greatly reduced. and they provide almost infinite mechanical life. 

5 .  Microprocuror-Bared Confrol  Syslcms are similar to programmable con- 
trollers but are not regimented in their approach to solving the control problem. 
The Programmer is replaced by a device called a Compiler which translates logical 
control statements into the language of the logic processing unit - now called a 
central-processing unit (CPU). The elementary diagram (Figure 22-4) is now used to 
define the process device connections to the controller. A Liating of logic-control 
statements and sometimes a logic flow chart and or truth table is used to define the 
control problem (Figurr 22-5). Note that the logic-control statement is easier to  in^ 
tcrpret than the elementary diagram. 

The microprocessor-based control system opens new vistas to the control 
designer, operator, and maintenance personnel. Very long and complicated process 
or sequence interlocking contact strings may be easily expressed in logical 
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Figurc 224. Equivalml.Relay and Pmgnmrnnblc.Controllrr Elementary Diagnnu. 

Logic Control Statement: If Inputs (LS-I, and LS-2 for 5 seconds, and not 
LS-3. and not LS-4) then Output (Solenoid Valve). 

LS-I = Input No. 23 
LS-2 = Input No. 48 
LS-3 = Input No. 2 7  
LS-4 = Input No. 3 

Where: 

Solennid Valve = A.C. Output No. 38 

Figure 22.5. Typical LogicControl Statement 

figum epb. Four rnirmpmoar mntml . p ~ c r n .  

statements or truth tables. Control actions may also be based upon mathematical 
computations. The number and type of control devices required by the operator to 
control and monitor the system can be reduced. For example, a single, 
multicharacter, alpha-numeric display may be used to display present sequence step 
number, time remaining on the step, the time setting for each timing function in the 
system, and the present value of calculated values. The  operator would use a 
thumbwheel switch to select the desired function to be displayed. The Same display 
could be used to inform the maintenance personnel of the reason far a system failure 
- the valve which failed to reach or stay in the required position. 
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Shown in Figure 22-6 is a microprocessor system consisting of 4 individual 
microprocessors. Each microprocessor is responsible for the actuation and  con^ 

tinuous position checking of 30 valves through a 66-step, control sequence. In addi- 
tion, 12 valves, common to the 4 microprocessors, are controlled by each 
microprocessor during several of the steps in the 66-step sequence. Digital inter con^ 
nections between the microprocessors are provided to permit each microprocessor to 
determine that the 12 common valves are not in use prior to acquiring control of 
these valves. Only two conventional relays per microprocessor are used to provide 
a-c power sequencing and system-failure indication. Sequencing between steps is  in^ 
itiated by either operator devices, process interlocks, or software timers. The 
manual sequencing of steps, step time-value changes, system failure indication in- 
cluding which of two valves are out of position, and system status are available 
through the small operator's panels on the doors of the enclosure. Note that most of 
the panel area is occupied by terminal boards. 

Control Consolidation and Centralization 
Progress i n  the chemical and food processing industries lies in the consolida- 

tion and centralization of process controls. The sugarheet process is well adapted to 
such consolidation. and the benefits to be gained include manpower savings, more 
eficient maintenance and breakdown repair. stabilization of product throughput 
and quality, and improvement in coordination between the unit beet-sugar process- 
ing areas. 

Consolidation and centralization fall into three classifications: I )  the unit- 
process area, 2) the control application. and 3) the type of operator panel (Table 
22.1). 

Note that control consolidation techniques are not limited to a central control 
console, but the central console is just one of the arrangements allowing effective 
use of this approach. The central console does not eliminate the need for consolida- 
tion of motor-control centers, equipment controls, and instrument-control systems. 

When consolidating into a centralized-control unit, careful study must he 
made of the operator duties. The distinguishing differences between 10~01, sofellife, 
and crnfrol control consoles are complexity, size. and cost: however a primary dif~ 

Figure 22.7. Vacuum p n  
panel. Chandler. Arizona. 

r a d l i t e  
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Table 22-1 H O W  lo  Consolidate and Centralize the Process Control System 

C a n d i d a t e  Dnigns l io lu  of Unil  
and PIOCEU Area, Control 

CIntralbe Application, or Type 

Unit I .  Beet receiving These 23 unit proem areas 
Process 
Arc* 5. Reet handling and cleaning for systematic layout of motor. 

opera ta r  Panel Gencral Rmarka by 

2. Beet Storage provide natural dividing linea 

4. Diffusion !machinery and equipment. and 
5 .  Saturation instrumentation ~ontrols. 
6. Lime kiln and SIakcr T h e  unii p r o w s  areas provide 
7. 1st Carb. Vac. Fillration a natural means for systematic 
8. 2nd Carb. Filtration layout of sareilite operator pancis 
9. Juice Evaporation and modular construction for 
IO. *Continuous Absorption P r m w  the central ronlrol condole. 
11. SUI. Liquor Filtration 
12. White & Intermediare 

Sugar Crystaiization 
14. Raw Suear Crvstaiiration " 
i5. i,rodwf Granulation 
16. I'rudscf MoiarYI 
17. Pressing & Drying Pulp 

19. Bulk Sugar Loading 
20. 'Sugar Packaging 
el. 'Liquid & Inveil Sugar 

Production 
22. .Steffen house 
23. Utilities 

18. Bulk Sugar Storage 

*&lay no1 be  pm\,ided. 

Control 1. >lofor Conrrol 
Application 

?. Equipmen! and 
Machinery Control 

3. Physical and Chemical 
Quantities and Qualities 
Control (Inrtrumenlario") 

T o  determine the exfen1 of 
conmiization. lhc problem i s  
one of concluding what unit 
process areas are g 0 h g  to be 
consolidated a l  the rcntral conrole 
and 10 what degree. T O  arrive 
at  these c o n d ~ ~ i o n ~ .  the overall 
process must be cxmnrively 
reviex,ed by unit p m c a  areal 
to establish consolidation 
21temate.. 

To the extent practical. assign a 
motor control ccntcr for each 
""it procera. 

Hnme controls in individual 
cabinets or in common cabincl 
by proms area. 

Same comment as above, bu l  
when combining pneumatic 
i n ~ ~ r u n i e n f ~  and electric contmiS 
in common cabinet, provide 
barrier between them. 

Type I .  Local Locate near equipment being 
OpeTatOr conlidled or in irnmcdiarc 
Panel vicinity O f  i f6  procets ""it area. 

e. S;l,ellitc use systematic layout: e.& 
identify clearly relays for east 
pulp drier and wesf either with 
dividing barriers or other meanr. 

9. Central Use buiiding.block and modular 
IryOUts: Cg.. proCCJli arelli 3.4, 7 
locale in central Sec. 1; area 
5 and 6 in Sec. 2, C ~ C .  Provide 
at kaSt one ele~tric and pneumatic 
terminal box in each p- a m  
for interconnections between field 
and unit sections of central. 
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ference exists in the job descriptions of the operating personnel. Local operafor con- 
fro1 r l ~ l i o n s  provide field operator control of individual equipment. The safellife 
opemfor  pone1 (Figure 22-7) places coordination responsibility on its operator for 
only that portion of the process. Such panels may be used for the pulp drier, the 
vacuum pan, the centrifugal, and the sugar-product handling areas. The cenfral con- 
fro1 console (Figure 22-8) requires that its operator be responsible for the overall 
process coordination. He must make and carry out decisions and advise operators at 
satellite panels of changing process conditions. 

To permit the central-control console operator to efficiently carry out his 
duties, the console should contain only those control devices and information 
displays needed by the operator to coordinate and control the overall process. The 
satellite.contral panel then contains the control devices and information displays re- 
quired by the local operator to control the unit process. Control devices may consist 
of motor start-up pushbuttons, motor and equipment operating-mode selector 
switches, and process-instrument controllers. Information displays consist of annun- 
ciators, motor-running indicators. and process-indicators and recorders. For exam- 
ple, central is only concerned with the supply of beets available for production. and 
thus only the low and high beet hopper levels need be provided. If the beet-hopper 
capacity is small. central may also need the status ofthe beet washing and conveying 
systems. Information from the vacuum pan may consist of pan feed-tank levels, 
vapor pressure, and pan status such as charge, concenfrafe. boil, and rfrike. From a 
process unit under automated operation. the central control console normally is pro- 
vided with alarm indications of cycle failure, or Status information, For a standard 
liquor filter installation, such items might be OJ sfearn, and high dzfleercnliol 
p,esSWe. 

The concept of consolidation and centralization is easy to implement during 
the design of new or major factory renovations. But even if a process area is to be 
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modernized, these concepts should not be overlooked since they will make it easier 
to centralize in the future. 

Baaic Concepts 
1. The control of motors and knowledge of their status is a primary function 

of the central.control concept. Status includes the conditions of motor running, 
standby ready lo run, or not ready to mn. The not ready to run status could result 
from any of the following Conditions: a) motor-starter circuit-protective device 
open, b) open control-power fuse, c) tripped thcrmaLoverload relays. and d) open 
motor, drive, or personnel safety interlocks. The functions of start-stop control and 
status indication can he referred to as “Motor Monitor and  Command Control.” 

2. Field installation should he economical. This requirement complicates cir- 
cuit design when motor start-stop and status functions are consolidated. For exam- 
ple, if conventional 1 I O -  or 440-volt control methods are used, a minimum of five 
14-AWG control wires must be interconnected between the field-motor controller 
and the remote operator panel. Eight motors would require 40, 14-AWG wires in a 
2 in. galvanized steel conduit. 

Shown in Sigure 22-9 is one of the many motor monitor and command con- 
trol systems which not only meets the two basic concepts above but also meets the 
Motor Control-Basic Concepts. This circuit provides a number of advantages. 

For inherent personnel safety, low voltages are used for the remote-control 
devices. The motor start-up control functions are provided with +24 V dc and -24 
V dc; 12 V ac is used for the annunciator input control logic for motor status infor- 
mation. The low power levels required by these circuits allow the use of 18-AWG 
control wires, and this considerably reduces installation costs compared to conven- 
tional 1 IO-  and 440-volt usage. Ten motors would require a 50 conductor, 18-AWG 
cable in a I .25 in. galvanized steel conduit. 

. - 

......I ... _I .  - ..,_. ..,z:. 
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In addition, the circuit in Figure 22-9 is simple and reliable. The solid-state 
motor status annunciator card, diodes, and monitoring transformers have no mov- 
ing parts. The circuit is standardized to the extent that FVNR starters can he re- 
quisitioned from fractional to several hundred horsepower capacities by computer 
code numbers. The circuit design is quite flexible in its process and sequence in- 
terlock capabilities. A pressure switch is used to provide the process interlock, and it 
senses the 3-15 psig output of the pneumatic field transmitter. Field installation is 
simple. since the individual 18-AWG wires in the 50-conductor cable are each color 
coded. This coding is readily available in this small-sized wire. hut is dificult to 
secure in the 14-AWG wire size used for I IO- and 440-volt circuits. Errors in field 
installation are greatly reduced, and installation time is shortened through the use of 
color coding. If information on motor status is not desired, transformers IT and 2 T  
may he eliminated, and also the associated blue. orange, and red interconnecting 
control wires between the field-grouped motor-control center and the remote 
operator panel. 

3.  All primary process instrument loops should he controlled, indicated. 
recorded, and alarmed at the central-control console, Instrumentation for unit or 
satellite processes which do not warrant a satellite.control panel may also he located 
at the central-control console. 

4. The status of satellite processes or equipment controlled from a satellite- 
control panel should he indicated or alarmed to ensure that the central operator is 
aware of remote problems which may affect his future decisions. 

5 .  The design should promote rapid failure diagnosis and repair. Standardim 
tion of control circuits and devices, color coding of interconnecting wiring to field 
mounted pilot devices, and color coding of interconnecting wiring between central 
and satellite panels all aid in this goal. A systematic layout ofcontrol components is 
essential. For instance, all relays applying to beet receiving should be installed in 
one cabinet or area and relays applying to beet storage in another cabinet. Each unit 
process or at least individual sections of central and satellite control panels should 
have their individual control power protection and disconnects to minimize the ef- 
fect of trouble-isolating procedures. Labeling control devices with an abbreviation 
of its function instead of CRI or T R I  assists the maintenance personnel in 
understanding and troubleshooting the control system. 

6. Some type of a process graphic display should be provided to assist the 
operator in decision making. It is also an excellent training aid for new or junior 
operators. 

Control System Star tup 
Process equipment will rarely immediately work in complete harmony with its 

control system because: the complexity of the equipment makes it difficult to an- 
ticipate the operating conditions; the control may he complex and engineering for 
complete perfection may be economically impractical; human errors enter bath into 
the equipment and the control itself during design, manufacture. and installation 
phases; and a multitude of field adjustments may he required. For example. it is 
often necessary to prepare time-cycle charts which show the positions of various 
operating parts during the cycle. In other cases, as in instrumentation. the action 
under control may be connected with up-and-down process conditions. This re- 
quires assumed first-setting controller adjustments, as well as final tune-up ad- 
justments in actual operation. 
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After the process equipment and its control facilities are installed, the check- 
ing out phase is reached. If this checkout is not done before operation, or if it is not 
done methodically, the results can be disastrous. Serious equipment damage can be 
prevented by the proper settings of temperature, pressure, torque. or of an over- 
speed switch. These settings should not he assumed correct, but should be physical- 
ly checked for confirmation. Errors which have been overlooked in design, fahrica- 
tion, or installation can often be caught during the checkout period. If these errors 
are located and corrected More operation, eiTorts during startup can be focused on 
meeting the major objectives of production capacity. If well thought out and 
organized simulated test runs are made in the checkout program, many basic 
system errors can be located prior to starting actual operation. Where possible the 
control system and equipment should be operated under design conditions. During 
the checkout, the controls and equipment are analyzed as an integrated and coor- 
dinated unit. 

A control system checkout such as might be made in a new factory hefare 
operation, using a central control console, is detailed in the following section. 

Summary of Checkout for New Processing Plant 
A. Electrical 

I .  All pilot devices such as pressure switches. level switches. flow switches, 
and position switches are to be set in accordance with desi.m data and opcrated to 
see if they work 

2. All process drive motors are to be started and stopped from both the cen- 
tral contrnl cnnsole and the field. As this is done, each motor alarm indicating point 
is to he checked for proper action at the central control console graphic display. The 
correct direction of motor rotation shall he confirmed. 

3. All process and motor sequence interlocks are to be tested to confirm that 
they work scmrding t~ de+. 

4, All timing device settings are to be physically checked to confirm that they 
are in accordance with the recommended iirst~trial settings indicated on the design 
drawings. 

5. All programming controls at the central control console, satellite panels, 
local operator stations, and motor control centers are to be physically run through 
their step sequences. Proper action is to he proved from the design programming 
charts. 

6. Automatic Start for stand-by equipment or diversion of material handling 
flows should be tested for proper operation. 

7. All high- and low-speed limit settings for adjustable-speed motor drives are 
to be actually confirmed with the settings indicated on the design drawings and the 
motor name plates. In cases of automatic-speed control, the input reference signal is 
to be simulated and the motor output speed plotted at 0, 25. 50. 75, and 100% of its 
speed band. The latter will confirm that the speed regulating devices are correctly 
adjusted. If  there are speed indicators. they are to he checked for proper calibration 
at this time. 

8. All operator devices located at the central or satellite panels or at the local 
operator stations are to be actuated to prove that the proper control action occurs. 

B. Instrumentation 
1. Each control valve is to be stroked for proof of operation 
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2. Each transmitter shall he given 0, 50, and 100% simulated inputs and the 
applicable controllers, indicators, and recorders checked for proper calibration. 
Where practical, all inputs are to he at the primary element. Modulating-type con- 
trol valves are to be checked for proper travel positions at this time. 

3. Ratio relays. high- and low-limit relays. high and low selectors, and damp- 
ing functions in instruments shall he set in accordance with the design first-trial set. 
tings. 

4. Cascade control loops are to he checked for satisfactory operation. 
5. Thermocouple applications are to be checked for proper wiring connection 

and calibration. 
6. Field adjustments should be made of special pieces of equipment such as 

densometers. magnetic flow meters. pH meters, and air-to-ground sonar equipment 
in strict accordance with manufacturers' instructions. 

In insuring a successful control system checkout. the more significant problems 
requiring attention are scheduling, personnel training, and the provision of suf i -  
cient personnel for the checkout. The proper time to start a control system checkout 
is set by the completion dates of the mechanical, electrical. instrumental, and other 
projects. The amount of time available f o r h e  work is a function of the start-up date 
of the factory. The project control engineer must himself estimate the amount of 
time required for the checkout. His estimate is more realistic because of his 
familiarity with the control system. 

I t  is always necessary to have a training program for factory electricians and 
instrument technicians. Not only are their services required during checkout, but 
also for future control facilities maintenance. The success of the process control 
facilities depends on the ability of these men to diagnose and repair. One or more 
seminars can provide familiarity with the control systems prior to the actual 
checkout. 

In starting up a large process control system, the problem of obtaining sufi- 
cient technical personnel is important. Because this is closely related to the project 
and to the factory. it can best he solved by the responsible project and factory per- 
sonnel. A team effort using control and mechanical design engineers. process 
operators, electricians, and instrument technicians can provide an excellent 
checkout, lead to a better understanding of the operation by all. and result in an ex- 
pedited checkout and a more orderly process start-up. 

T h e  Process Computer 
Increasing fuel costs will eventually force our industry to use process typc 

computers to increase the thermal eficiency and economics of the various beet- 
sugar processes. The control of dilution, the management of heat, and the deter- 
mination of incremental cost of production vs. product worth are all prime targets 
for computer control. The praccss computer is not intended to replace the 
pneumatic and electronic instruments which measure and control the individual 
process variables, hut rather to manage these variables in such a way as to maximkc 
the quality of these process variables. 

T h e  advantage  of the process computer are: 
1. Consistency i n  the approach to  the proceaa problem. 

Once the mathematical relationship (olgon'thm) of the significant process 
variables has been defined the computer will consistently solve the 
algorithm for the values of the process variables to ix controlled. 



Therefore, the operator is not required to have a detailed knowledge of 
the particular process to operate efliciently. 

2. Ability to solve complex process problems. 
As the number of variables in a problem increases, man's ability to correct- 
ly solve for the optimum solution decreases rapidly, whereas the com- 
puter's ability is directly associated with the correctness and completeness 
of the control algorithm. 

3. Ability t o  remember and project the effects of process variable 
cbanges or upxts. 
The effect from changes in process variables may not be recognized for 
seconds, minutes or possibly even hours. As the time between change and 
rerulf ovailable increases it becomes much more diflicult. if not impossi- 
ble, to use pneumatic or electronic instruments to control the process 
whereas the computer does not have a physical time delay limitation. Pro- 
cess variable uolue and reo1 rime become a data-set to be acted upon some 
time in the future depending upon process-delay time (fransporf lime). 
Unless unit process areas are amply buffered from one another, a process 
upset in a unit process migrates both upstream and downstream -affect- 
ing these unit processes also. But ample buffering is not always possible 
or practical, i.e. the effect of variable steam demand by the pans on the 
operation of evaporators and boilers. 

4. Ability to maintain data  banks a n d  produce reports, trends, 
variances, or rolling averages. 
Our ability to project the future is directly related to the quality of 
historical data. 

5. Ability to  optimize operating parameters based upon variable cost 
factors. 
For example, as diffuser draft is increased sugar losses are decreased but 
evaporation. chemical. and pumping loads are increased. The q u e r h n  i n  
at what draft does the incremental cost of evaporation, chemicals. and 
pumping exceed the incramcntal cost of diffuser Iowes. The answer 
changes from day to day based upon changes in the cost of energy and 
chemicals, and value of the product. 

T h e  disadvantages of the proceu computer are: 

1. Equipment  (hardware) a n d  programming (software generation) cam. 
Hardware costs are usually in addition to the instrumentation costs and 
therefore must be completely justified by reductions in operating casts 
and losscs. Electronic instrumentation must also be used instead of the 
more familiar pneumatic instrumentation to provide compatible process 
variable signals. Software costs are somewhat different - in that process 
control knowledge must be either given to the operators or systems which 
control the process. 

After the initial supvisor ,  operator, and maintenance personnel training, 
the computer-controlled system is usually less demanding on the 
operators or supervisor but more demanding upon the maintenance per- 
sonnel. Process instrumentation must be well maintained to permit the 
computer to effectively control the process. 

2. Control system complexity. 
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Although there are several types of computers, we in the sugar industries are 
interested in the digital computer. The primary difference between digital com- 
puters used for data processing and process control is the additional hardware 
which permits the digital computer to monitor and control the process (Pmcess In- 
putloutput): Digital inputs, digital outputs, analog inputs, and analog outpuls. 
Once the process has been mathematically modeled. the algorithm may be program- 
med on either a data processing or process control computer. If a data-processing 
computer is used, the process variables used by the algorithm must be manually 
entered by the operator each time a solution is required. The operator is also 
responsible for making the resultant process setpoint changes. Note that although a 
data-processing computer may be used for process control, the benefits of computer 
control may be lost by operator errors in reading or inputing data, failure to ac- 
curately make the setpoint changes; and, most importantly, timely use of the 
algorithm to permit the algorithm to follow the progress of requested setpoint 
changes. The on-line process computer does not require the attention of the 
operator to control the process and therefore is more likely to achieve the predicted 
return-on-investment. 

Two types of process control are the Analog S u p c r v i x q  Control (ASC) and 
the Direct Digital Control (DDC) systems. The primary difference in the two 
systems is that the ASC system controls the setpoint of a typical analog controller 
which results in the error and dynamic response of the loop k i n g  controlled by the 
manual adjustments of gain, reset, and pre-act. In the DDC system the control 
algorithm is responsible for controlling the error and dynamic response of the loop 
which may be of considerable importance in some loops. 

The size and cost of process computers are directly related to size of the task 
they are programmed to accomplish. A small micro-processor system with process 
110 is presently being applied to a double-effect evaporator. Small to large process 
computer systems complete with standard control software packages are available 
from the major analog instrument suppliers. 

FUTURE TRENDS 
In the years since the last edition, the greatest advancement has been the 

change in the Price-Performance ratio of electronic controls and instrumentation. 
The use of Large Scale Integration (LSI) techniques has greatly increased the 
reliahility, serviceability, and applicability of electronic-control systems while 
decreasing their relative costs. Other industries have pioneered and justified their 
use, so we may also approach these systems with confidence. The prime targets are 
pump drives, combustion, dilution, the management of heat, and process optimiza- 
tion. The application of these systems requires not only a detailed knowledge of the 
operation of the process control system hut process knowledge. The control system 
cannot be superimposed on the process but must he coordinated and integrated into 
the process. 

Instruments* 
[The scope of this section is such as to familiarize the reader with Some of the 

many instruments and types of equipment used today in the beet-sugar industry in 
North America. A complete description of all of them would fill a large book; 
therefore only a few have h e n  chosen, and their functions are shown. The text is 

'by G. C. Kunkel, revised by C. P. Chua I 
I 
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also presented in simple language, and professional terminology has been sparingly 
used. Process descriptions are short and limited. This section is designed for the 
novice to the industry, and not as reference for the expert.] 

Basic Measuring Instruments 
A. Thermometers 

1. Metal Expansion Thermometer. Its operation is based on physical ex- 
pansion of the metal with temperature increase. This expansion is indicated by a 
dial needle, through mechanical linkage. 

2. Bimetallic Thermometer. This operates on the same principle. Two 
dissimilar metals are welded together to form a "sandwich," and since each metal 
has a different expansion coelficient, greater mechanical movement results. These 
are widely used. 

3. Electrical Thermometers. a) the resislance lhermomeler depcnds for its 
operation on the change of electrical resistance o f a  metal with temperature change, 
the change being proportional to the temperature change. Figure 22-10 is a diagram 
of a single-arm unit. 

b) Thermirlor lhrrmomelcr. Thermistors are semiconductors of ceramic 
materials, made by sintering mixtures of metallic oxides. Depending on the mixture 
and type of metallic oxide. the resistance can be made from a few up to 100 
megohms. All initial resistances are measured at 2 5  'C. The resistance increases as 
the temperature lowers 

c )  Thsrmocoupler. A measuring junction of two dimerent metals is exposed 
to the temperature to be measured. The other junction of the two metals is kept at a 
constant temperature. The resultant voltage through the circuit is measured, which 
is proportional to the temperature difference between the two junctions. 

d) Thermal elemenls. These are liquid-tilled capillary tubes or bulb probes. 
The expansion of the liquid activates a diaphragm, bellows, or spring within a 
mechanical indicator. 

B. Measuring Pressure 

force of pressure to be measured in a S C ~ S O T .  

1. Spring Gaugea use the principle of the pressure of a spring to oppose the 
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2. Capsule Gauge. This has as primary element a capsule attached to a 
capillary tube, and a pressure transmitting device, such as a diaphragm, leading to 
an indicator. 

3. Bourdon Gauge. The primary clement is a semiflat, circular tube. One 
end is fixed. The free end moves as the internal pressure changes. The free end is 
linked to an indicating needle. Such actuators are frequently the essential elements 
of pressure-actuated switches. This type of gauge is the most widely used. 

4. Diaphragm Gauge. This is a combination of a Bourdon tube and a 
diaphragm assembly, and it is used to measure pressure in corrosive media. The 
lower side of the diaphragm, made ofcorrosion-resistant metal, is exposed to the liq- 
uid or gas medium to be measured. The upper side and the connecting tube is fill- 
ed with suitable oil. The pressure change of the oil actuates the Bourdon tube. 

5. Spiral T u b e  Gauge. This is very similar in principle to the Bourdon 
gauge. A flat, ribbon-like tube is wound in a helix. The helix is mechanically con- 
nected to the meter movement. 

C. Level Gauges 
1. Float Gauge. A float is attached to a wire rope, which actuates an in- 

dicator. 
2. Weight. The weight of the material in the tank may be used as measure of 

t ank  level. if the density of the liquid is sufficiently constant. There are also Ievel- 
measuring devices which use the weight of liquid column above the sensing element. 

3. Nuclear Radiation. A method derived from nuclear technology depends 
on the interference of the medium with a beam of radiation from some radioactive 
isotope: frequently of cobalt, or cesium. 

Figure 22-11. 
4. Capacilance Proba. The action of this electronic device is indicated in 

The power supply furnishes the electronics circuits 24 V dc. The oscillator ex- 
cites the capacitance probe, which is insulated from the medium in which it is plac- 
ed. The insulation plus the dielectric constant of the medium makes up the total di- 
electric constant. The metal tank makes up the other plate of the capacitor. This 
capacitor is in a feedback loop to the oscillator. The frequency of the feedback will 



vary depending an  the dielectric properties of the medium. This variation is fed into 
an a-c amplifier. where it is amplified so that a voltage doubler is driven. which 
doubles its amplitude and frequency. The demodulator disposes of all ac com- 
ponents, and the remaining dc current is amplified in the dc amplifier which drives a 
current-to-air converter. The differentid network establishes a bias, and also 
stabilizes the oscillator so that its amplitude and frequency will not change with the 
temperature. 

5. Air-bubbler System. A tube inserted into a liquid that measures the 
hydrostatic head by back pressure created in the tube, with the air entering from the 
top and bubbling out from the bottom. 

6. Pressure Capsule. The principle described in B. 2 is frequently used as a 
measure of tank level. 

7. Delta Cells. "Delta" indicates differential, in this case differential 
pressure. These cells are used in connection with bubble tubes. They can be direct 
sensing elements, wlirri the pressure side is exposed to the medium. and the other 
side is vented. 

8. Diaphragm. A metal diaphragm with force-balance of hydrostatic head 
acting on one side and air pressure on the other side, with a nozzle-bleed system. 

9. Ultrasonic Detector. Depends on travel time of ultrasonic energy between 
the electronic transmitter-receiver and the surface of the liquid or solids. The elec- 
tronic system converts the impulses into measurement of level. 

D. Density Measurement 
All of the devices in section C can be used to measure the juice density. if the 

level in the tank is held constant. In addition: 
1. Hydrometers. This is a lloat with calibrated graduation marks, indicating 

its depth of immersion in a liquid. which is inversely proportional to the density of 
the liquid. 

E. Flowmeter. 
1. Magnetic Flowmeterr. These convert the rate of flow of the liquid being 

metered, into an ac voltage of the supply line frequency. A conductive fluid flowing 
through a measuring pipe section, which is surrounded by a magnetic field, and 
which is excited by 120 V ac 60-cycle current, develops an ac current (eddy current) 
in the fluid. This is then picked up by a pair of electrodes, mounted 180' apart in 
the wall of the flowmeter. The impulse is transmitted to an electrical measuring in- 
strument. 

2. Turb ine  (Rotary Vane) Flowmeter. This uses a magnetic pickup coil. 
The meter will accurately measure fluid-flow rates. whether or not electrically con- 
ductive. The  edges of the metal turbine or vane, passing through the magnetic field 
of the pickup coil, induce an electrical pulse; the rate of pulsation is proportional to 
the rate of flow. 

3. Orifice-Plate Flowmeter. This consists of a flange with a pressure tap 
upstream from the orifice plate, the orifice plate, and a flange with a pressure tap 
downstream from the orifice plate. The pressure difference between the taps is a 
function of the flow rate. 

4. Pitot T u b e  Flowmeter.The operation o f a  Pitot tube flowmeter is basical- 
ly dependent on differential pressure. Two tubes of small diameter protrude into the 
pipe at some distance from each other, usually to about the center of the flow. One 
is slightly curved toward the direction of flow, while the other is curved the opposite 

~~ ~~~ ~ ~ 
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way. These small tubes do clog up very easily, and a small amount of dirt will 
change the differential pressure. Maintenance is costly and reliability is not good. 

F. pH Measurement 
pH measuring systems are analytical systems which measure the hydrogen- 

ion activity with considerable precisian and accuracy. Such systems consist of a) a 
glass or antimony electrode. b) a reference electrode. and c) a thermo-compensator. 
to correct for the effect of changing temperature. 

G. Electrical Conductivity Measurements 
Such measurements are made using a balanced Wheatstone electrical con- 

ductivity bridge. The bridge consists of three known resistances, and one unknown, 
"the sensor resistance." which is the resistance of the fluid and probe to be 
measured. The bridge principle is shown in Figure 22.10. There is also a source of 
ac current to excite the bridge, and electronic circuitry to measure the potential dif- 
ference. 

H. Measuring Moisture in  G a m  
1. Hair  Hygrometer. This measures the moisture content o f a  gas through 

the variation in length of an animal hair. when it has reached moisture equilibrium 
with the gas. 

2. Lithium Chloride Detector. This is a standard item in air-drying equip- 
ment. A small purge air stream is diverted through a cell containing this chemical. 
A change in color indicates a change in the wetness ofthe air. D I ~  air is essential, 
when used in modern pneumatic cvritrol rquipmmt. 

9. Semiconductor Detectors. These relatively new devices involve the diffu- 
sion o f a  semiconductor material into a substrate in a grid pattern, similar to a strain 
gauge. Since the humidily-sensitive portion of the sensor is restricted to the surface, 
moisture is sorbed by ADsorption instead of ABsorption. The result is a very fast 
response to change in humidity. The grid resistances vary from 30 ohms to 100 
megohms. 

1, Measurement of Speed of Rotation 
1. Magnetic Tachometers. A magnetic pickup is a cylindrical permanent 

magnet behind a pole piece of iron, around which a coil has been wound. The fre- 
quency of the voltage developed is a function of the rotational speed. The pickup is 
gear driven. These may also be adapted by attaching a small generator to the shaft 
of the machine to he measured. 

CONTROL DEVICES 
A. Valves 

1. Butterfly Valves. These are essentially damper-type valves. This valve is 
used in all control loops for which its characleristics are suitable. See Figure 22-12, 

2. Control Valves. a) Ported unlue plug. The valve plug or inner valve, has a 
port feature designed especially for specific applications. See Figure 22-1 3. 

b) Balanced Vduc  Plug. This type is mostly wed in piston-balanced valves 
for service involving high pressure drops across the valve. As shown in Figure 
22-14,  it is basically a single-seated valve in a double-seated body. 

c) FloI Vdvc  Plug. As shown in Figure 22-1 5 .  this type of valve plug is a com- 



Figure 22.13. Ported valve plug. (Couriery, 
Firher controll C0.J 

mon configuration for general-purpose use. These valves are not suitable for very 
critical applications. 

The flow characteristics o f a  valve depend on a number ofcriteria. such as the 
inner plug configuration, the pressure drop across the valve. and the size of the pip- 
ing leading to and from the valve. To determine the sire of valve needed. these fac- 
tors must be considered, as well as the precise function of the valve. 

3. Solenoid Valves. These are electrically operated (see Figure 22-16), The 
basic types are: 

a) Two-way, either normally open or closed, as specified. 
b) Three-way, with normally open. or normally closed veni . .  
c) Fouvway, general purpose valves, frequently used with piston cylinder 

operators. 
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B. Rotational Speed Control 
1. Governors. These centrifugal controllers are still in use in many forms. 
2. Variable Speed Controllers. Many t y p e  are built. A widely used type in 

the United States is either controlled electrically or pneumatically. varying the pitch 
and ratios of the drive pulleys. 

CONTROL LOOPS I N  THE BEET SUGAR FACTORY 
In this section are described typical control loops. or configurations of control 

devices used for the individual unit processes in a beet.sugar factory. The particular 
illustrations chosen are only typical, and details will vary widely, as do the in- 
dividual factory equipment installations. 

Following is a table ofthe abbreviations and symbols used in this section. (pp 
7 l4,7 15). 

1. Control of Beet Flow 
For a description of this part of the factory, see Chapter V.  Figure 22-17 

shows an arrangement ofequipment which uses a beet pump to raise the beets to the 
washer level. Here there is only one feed control. on the beet-feed wheel, driven by a 
variable drive-speed motor, which is controlled electrically from a remote station or 
panel. 

Figure Z-17. Typical quipmmt moving k u  into factor).. 

I 



714 BEET-SUGAR TECHNOLOGY 

t1.E 

Ls 

H 

N 

r 

AP 

I 

4- 
0 
0 
@ 
0 

- 
T 

+%- 

OL OL ?Jw-- 

ai--- 

Pressure gruge 

Ammeter 

Speed illdicrtor (tncllualeter). 

Transducer. or converter (converts onc type of sig- 
llal I" nllolhel). 

I 'In~tmulnen~ Society o f  America 



ABBREVIATIONS AND SYMBOL3 715 

A- +- PCV. Nul 

S"CC,fiCd 

@S 
Nut Surcified 

Nut Specified 

p'-- 

C"nl."l ".I".. with pULiti",,C,. 



716 BEET-SUGAR TECHNOLOGY 

2. Diffusion 
For a description of this part of the process, see Chapter VI. There are many 

possible diffusion control loops, depending on the amount of automation desired. 
To name a few: I )  s p d  control. 2) cossctte-feed control, 3) diffuser supply water 
flow control. 4) pulp discharge, and 5) all controls needed for the motor-generator 
(MG) set, exciter motor, voltage regulators. internal as well as external. A simplified 
version of the speed control is shown in Figures 22-16 and 22-19. The sketches are 
general, and can apply to almost any type of continuous diffuser. Most us= alter- 
nating current, converted to direct current by a motor generator set. 

Figure Z-IL-18 Block diagram of diffuser drirr ~ o n t r ~ l  system. 

F i p w  22.19, Interlock 'ptccm of diffcxr ccn:iol. 

The procedure for start-up of the diffuser drive is: 1) the MG set and the ex- 
citer are started manually from the control board; 2) a rheostat in the speed con. 
troller unit is slowly advanced, which activates a field winding in the dc generator. 
which fixes a stationary South-and-North-pole, or magnetic field of opposite polari- 
ty: 3) after the scrolls and slicer are started manually, the start button of the dif- 
fuser control is depressed momentarily. The latching contacts close and hold the 
starter relay closed; the diffuser drive starts to turn slowly. 

A tachometer attached to the diffuser drive senses the speed, or 'pm, and feeds 
a proportional signal to the speed controller. A set point in the controller is adjusted 
at the desired speed, and the controller establishes an equilibrium and controls the 
exciter current flow to the MG set, to the set point, within a tolerance depending on 
sensitivity and other bias functions of the controller. Normally the controller also 
serves as a recorder to record the 'pm of the diffuser. 

The first element of the control system is a lockout located at the diffuser 
drive, so that the diffuser cannot be started in case of repairs. and the complete con. 
uol is de-energized. 

3. First Carbonation 
See Chapter VI11 for background on this station. Figure 22-20 shows a typical 

control loop for the pH in first carbonation. which is accomplished through control 
of the rate of addition of the carbonating gas, or, in some cases, the liming agent. 
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Figum 22.21. Circuit of equipment mntmlling density of rmporstor thick juim. by dilution with 
r m n d  rffert effluent. 

4. Control of Thick Juice Density 

evaporator effect. Please see Figure 22-21. 

5. Evaporators 

a control system for steam and vapors. 
6. Juice Flow Control 

Such a control is commonly applied to the thick juice emerging from the last 

Operation of this station is described in Chapter XI. Figure 22-22 is a plan of 

The diagram in Figure 22-23 shows an automatic juice flow control loop. 

7. Vacuum Pan Control 
Please see Chapter XI1 for background. The automation of a vacuum pan 

represents one of the more difficult tasks of control. A typical system is shown in 
Figure 22-24. 

In this particular control system, the measurement of four variables is re- 
quired; the pressure within the vacuum pan, the syrup supersaturation, the 
massecuite level. and the massecuite consistency, (l,2). The pan pressure is controll- 
ed by the flow of condenser water. It is necessary that the pressure be held quite 
constant during the boiling of the strike. The syrup supersaturation is measured in- 
directly through a very sensitive capillary temperature bulb which is installed in the 
vapor space between the pan dome and the condenser. By measurement of small 
changes in the temperature of the superheated vapor as it leaves the surface of the 
boiling magma. a good indication is obtained of the true massecuite temperature 
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5 . 1 .  . 
I 

Figurc E.26. Contml q'tim for P bntccq of borizonml pulp p- 

and its supersaturation, throughout the entire course af the boiling. The level is con- 
trolled at the time of the original feed syrup charge. and at the maximum allowable 
pan level. A small, motopdriven mechanical rotor is used to measure changes in the 
consistency ofthe massecuite, and to control the steam, syrup feed, and water flow 
to obtain the optimum tightness and final consistency. 

8. Milk of Lime Station 

a typical control system. 

9. Pulp Pressa 
T h e  rcquillements and operation of this station M discussed on pp. 

626-27, 629-30. In Figure 22-26 is shown a control loop applied to an installation 
of horizontal pulp presses. 

The principal purpose of tbc s p u d  control of the pulp presses is to keep the 
rate of wet pulp supply in balance with the pulp being pressed. Usually a fixed 

The operation of this station is described on pp. 589-592. Figure 22-25 shows 
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number of presses operate at a fixed rate and speed. In Figure 22-26 it will be notic- 
ed that the first press has two level sensors. one in the top and one in the lower pan 
of the supply chute. If the wet pulp supply is greater than the press demand of the 
fixed speed presses, the wet pulp tends to rise and reaches the upper sensor. closing 
an electronic circuit and activating a relay with this particular press starting circuit, 
and this Starts the press. This press runs until the pulp level drops below the lower 
sensor, and it is then shut off until the supply rises again. The other type of control, 
shown on the second press. uses the latest development in level Sensors. A 
capacitance probe varies the speed of the press rotor, and consequently the pressed 
pulp volume. See section C. 6, above. The output of the probe drives a current-to- 
air converter, with the resulting air signal operating the pneumatic speed convoller 
of the press variable drive. The 3-way solenoid valves are parts of the speed control, 
and are used for safety to allow the variable drive to coast down to its lowest speed 
in case of a power failure or discontinuance. If this were not done, and the press 
stopped, the drive belts of the variable drive would tear or break at a new start-up. 
Associated with these valves are electrical rumdown timers. 

IO. Pulp  Driver Drum Furnace 
See pp. 626-633 for description of this operation. Figures 22-27 and 22-28 

show a typical control loop. 
Figure 22-27 shows the latching or interlock. which has the purpose of prc- 

venting the starting of the furnace, if any set of contact is open. The interlocks are 
all arranged in series, and this is an important safety feature. 

E'igurc 22-27. Latching or interlock %p<em lor pulp drier furnace. 

In Figure 22-28, the large rectangle represents a so-called F S or "Flame Safe- 
ty System." which is very complex electronically. If all the auxiliary control con- 
tacts are closed. the furnace can be started as soon as the ultraviolet flame detector 
senses the pilot flame, and a small Flame Safe relay is closed. which permits the 
electronic circuitry to be activated and the main gas valve to he opened. If the gas 
flame should fail, the Flame Safe relay opens. and al l  safety valves close, and the 
control circuit opens. Thereafter, to start-up, the whole procedure has to be follow- 
ed through again. The various electrical control loops going in and out of the large 
reclangle are che various externally located control contacts, and the items of equip- 
ment needed for the complete system. 
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1101.1 

I I 

Figure !am. Block diagram of Flame Fail "(stim of pulp drier drum furnacc. 

The normally open contacts for the Flame Safe circuit are located in the 
various motor starters of the equipment, and are called auxilliary locking contacts. 
They are normally open (relay deenergized), and all are in series; i.e.. the drier 
drum will be started first, then the induced draft. and finally the forced-draft fan. 
This sequence will close the respective auxilliary contats and ready the furnace con- 
trol for smt-up. 
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Chapter XXlll 

MICROBIOLOGY AND PLANT SANITATION. 

The perishable nature of sweet liquids had been known to man for thousands 
of years, but it was not until the middle of the nineteenth century that the cause was 
traced to the "animalcules" first seen through the crude microscopes of Anthon 
Van Leeuwenhoek in the seventeenth century. This burgher of the city of Delft was 
far ahead of his time, and while he was convinced that his little creatures were the 
products of pre-existing life cells, his ideas were not shared by other scientists for 
about two hundred years. 

In 1864 and the following years the work of Louis Pasteur finally convinced 
the scientific world that the organisms causing fermentation and food spoilage as 
well as infectious diseases in man and other living creatures were not created by 
spontaneous generation or chemical processes, but were present in the air, soil. and 

Souring juices, dime deposits and gas formation were common occurrences in 
the early days of the beet-sugar industry. but were considered inevitable and only 
feeble attempts were made to combat them, Even in the latter part of the nineteenth 
century and the beginning of the twentieth, when the c a u ~ e ~  were generally known, 
the losses from inadequate sanitation were larger than realized. The  respected Dr. 
H. Claassen (9) stated that large amounts of sugar may be decomposed in the diffu- 
sion battery when conditions are favorable for bacterial action, but he also conclud- 
ed that with ordinary precautions such as maintaining the temperature at 75 ' to 
80 "C and rapid juice flow, the loss of sugar was not perceptible. 

While Claassen's recommendations were sound, the actual losses were only 
"not perceptible" due to inadequate chemical analyses and lack of accurate 
measurements. 

When sanitizing agents were used, it was to cure rather than prevent. Unlike 
the sugar losses, the costs of sanitizing agents were known, which restricted their 

Prior to World War I1 there was little in the literature dealing with bacterial 
infection and means of control. Among those early recognizing the problems and 
describing the use of various disinfectants were Saillard (35), and Reindel, Frey, 
and Mandl (34). In recent years there has been increasing awareness of the economic 
importance of these problems. 

water. 

use. 

Microbiology in  the Pracca~ 
Harvesting, Transportation, and Storage 

The organisms which cause loss of sugar in the factory originate mainly in the 
k t  fields. Populations of 50 to 100 million per gram are not uncommon in the top 
layer of soil. falling off rather rapidly with increasing depth, Highest counts are 
found in the spring and in rich, damp, well-cultivated sails, when the pH values are 
about neutral. In general, soil conditions favorable to plant growth are also 
favorable to bacterial growth. 

'by H.E. Halden, Revised by M. Bolinder 
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When unbroken. the beet skin is an effective barrier against the invasion of 
microorganisms, in which action it is probably aided by the bigh concentration of 
saponins located just under the skin, which are highly toxic to lower forms of life 
(see p. 43). Skin lesions are caused by rodents, certain soil fungi, and nematodes and 
permit the entrance of mil bacteria which are carried with the beets to the process. 
Mechanical harvesting has added to the problems. More beets are fractured than in 
hand harvesting and there is an increase in the dirt and beet leaves transported to the 
factory. Such extraneous matter carries a high population of microorganisms. Re- 
cent studies reported by Bugbee, Cole, and Nielsen (5a) indicated even healthy inter- 
nal beet tissue contains over 10 000 bacteria per gram. 

During transportation and storage of beets several factors affecting microbial 
decomposition are important. There is greater activity in dirty beets and in drying, 
warm weather. T h e  removal of adhering soil and trash before storage will minimize 
hot spots where the microbial activity is high, The cooling effect ofnatural or forced 
ventilation of the storage pile greatly aids in  reducing damage. 

The Microbial Flora 
The flora of micrwrganisms entering the sugar fact07 is essentially that of 

the fields harvested, where it varies with the season and locality in the relative 
numbers rather than in the species. Schonc (37) made a thorough study of the 
microorganisms found in beet juices and traced them all to the soil brought into the 
factory with the beets. 

The organisms may be grouped according to growth temperatures, as shown 
in Table 2 3 ~ 1 .  

Table 23.1 Growth Ranees of Bacteria. 

Minimum Optimum Maximum 

>Ierophilic 5-25 25-40 40-50 
2 j .< j  5U~55 6U-73 I-&"---.:,:- . "r ,,.., ~ 

The mesophilic organisms make up the largest group by far. The ratio of 
mesophiles to thermophiles in soils may range from 100: I 10 1000: I ,  varying ac- 
cording to the season, but in general the prevailing temperatures favor the growth of 
the mesophiles. 

The temperature ranges are approximate and overlap. so that some form of ac- 
tive microbial life is present over the whole range, 5 

While most organisms show active growth in neutral media, there is an op- 
timum pH for each species. The range of pH in which the organisms will grow is 
variable and is influenced by the composition of the environment. The waste prod- 
ucts of their metabolism may be either acidic or basic and the p H  changes accord- 
ingly. Organisms which use carbohydrates usually form organic acids. while those 
ingesting proteins tcnd to produce basic products. Depending on the available 
nutrients, some bacteria may form either acidic or hasic products. The chief types 
appearing in beet juices arc given below: 

Yeasts, principally of the genus Socchoromycrs, which are generally strongly 
fermentive and hence destroy more sugar. 

to 73 "C. 

Moldr, of which there is a great variety in the soil. They are the only 
organisms which are easily visible. since their colonies can be Seen in accumulations 
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of soil under beet-storage bins and on damaged beets in piles. They generally 
destroy less sugar than yeasts. 

of which the most frequently mentioned is Leuconostoc 
mcrenfcroidcr. This organism forms slime from sucrose and acid from dextrose. 
While its optimum activity range is between 2 1 ' and 25 "C the slime deposit of dex- 
tran protects the organism so that it can tolerate much higher temperatures. It has 
been known to cause serious obstructions in diffuser screens and to clog juice filter 
cloths. The organism is facultatively anaerobic and will thrive in closed systems at 
favorable temperatures. 

Lactobacillus. This genus covers a great number of bacteria, diNering in the 
temperature ranges of optimum activity, which may be between 28" and 62 "C, or 
higher. The end product is principally lactic acid, but some also produce alcohol. 
carbon dioxide and acetic acid. 

Bacillus subfilis is widely distributed in soil and has an optimum activity range 
of 28"  to 40°C. It produces acid from sucrose, and nitrites from nitrates. 

Bacillus sfearofhermophilus. This organism is also widely distributed in soils. 
The optimum growth temperatures are between 50" and 65'C. with growth 
variable at 37' and 70 'C. It is a strong acid former and nitrites are usually produc- 
ed from nitrates. 

Clostridium thermosocchorolyticum is found in soil. The optimum activity 
range is between 55' and 62 "C. It produces acid and gas from sucrose. Nitrites are 
not produced from nitrates. 

Closfridium thermohydromljuricum. An aerobic, hydrogen sulfide forming 
thermophile found in soil. Optimum activity is at 68' to 70'C. It was studied and 
classified by Klaushofer and Parkkinen ( I  7), who also suggested the name. This 
organism and C. fhrrmomcchorolyticum have less ability than B. rtearother- 
rnophilus to destroy sugar. 

The beet and the extracted juice contain an abundance of nutrients for the dif- 
ferent organisms. I n  addition to the sugars which supply carbon, there is an ample 
supply of proteins and inorganic tram elements. The latter constitute the "ash" and 
at least some are essential for the metabolism of the organisms. 

The sugar-destroying actions of microorganisms with the resulting end prod- 
ucts are termed Jermentafion. While specifically used by Pasteur to indicate the 
conversion of sugar into ethyl alcohol by yeasts, it has since been in general use to 
designate processes of carbohydrate decomposition by different organisms. 

Slime bacteria, 

Fermentation 
1. Alcoholic Fermentation. The formation of ethyl alcohol which, through 

oxidation, is further converted to acetic acid is principally caused by the yeasts at an 
optimum pH of about 5, and to a lesser extent by a few molds and certain bacteria. 
As the responsible organisms are mainly mesophilic the alcoholic fermentation is 
only possible before the high temperature section in the diNuser. The possibility of 
reinfection of cooled juices will be considered later. 

2. Lactic Acid Fermentation. While lactic acid may be formed by many 
bacteria and yeasts, the lactic acid bacteria are the main cause of this type of fermen- 
tation. These bacteria are grouped as homofennentative; i.e., fermenting car- 
bohydrates to produce essentially only lactic acid, and heterofermcntative; produc- 
ing lactic acid, and also acetic, propionic. and butyric acids. Both groups can pro- 
duce alcohol and carbon dioxide. 
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Table 23-2 End Products of Fermentation of Carhohydraro by Brrfuria. 

LX*ate S"CCi"2tC Pr0pall"l 
Acetare Malate i l l l l ) l i l f C  

Formate Oxaloacetate nut an I 
Hydrogen Diaceryl Acetone 
Carbon dioxide ACCtDi" Isopropanol 
Water naiyiene giycoi Trirncthylene glycol 
Ethyl alcohol PrOpi0"afe 

3, Other  Fermentations. Lamanna and Mallctte (18) list a numbcr ofcom- 
pounds which are the end products of fermentations of carbohydrates by bacteria. 

The varying tolerance to heat and pH make the control of organism growth 
and the resulting sugar destruction a very difficult task. It is obvious that the regula- 
tion of lieat and p H  only are insufficient, and other measures must be taken. 

The total destruction of all microorganisms, usually by heat, is termed 
slcn'lirofion. The term d*inJeclion refers to the destruction of organisms by toxic 
chemical substances. Both sterilization and disinfection are limited in use by 
undesirable side effects. For example, in the diffuser, heat alone may make pulp 
pressing less efficient, and may also aid in the activity of high temperature ther- 
mophiles. The selection of chemicals and the amounts used must be governed not 
only by their effectiveness, hut also by the residuals which may be carried into the 
process and indirectly cause losses in sugar, process difliculties, or have toxicity im- 
plications. 

Beet F l u m a  a n d  Washing 
The application of disinfectants cannot begin effectively until the beets are 

removed from storage. The flume water. made up from fresh water or cooled con- 
densates, is generally recirculated for conservation. It is r r w ~ n d  10 remove leaves, 
beet tails, and fragments, and fine silt is usually removed in a settling system. The 
water temperature may he from 30 ' to 40 "C and, when frozen beets are worked, 
even higher. 

Soil bacteria find excellent conditions for growth in this water. The 
temperatures will generally he favorable, and sugar washed from the fractured beets 
furnishes available nuuients. 

Where recirculation is practiced, many bacteria remain in the water for long 
enough to become thoroughly adapted to the environment. 

The separation of the beets from the flume water is done by dragging them 
over screens, rolls or by other means, after which they are subjected to jets of fresh 
water. Even so, a large number of microorganisms are retained in the natural 
crevices of the beets and the exposed interiors. McDill (25) described the use of 
calcium hypochlorite at the rate of 5 ppm C12 added to the wash water. The primary 
purpose was to suppress odors near the beet washer, and it was concluded that its 
value as a disinfectant within the system was relatively insignificant. 

Andcrscn (1) believes that on the hasis of experiments conducted in Denmark 
and Sweden, chlorination of the wash water has a beneficial effect in reducing the 
mesophilic activity in the diffuser. 

The population of microorganisms in the flume water will vary with the 
season and degree of recirculation, but it is obvious that it will increase steadily 
unless measures of sterilization are practiced. While the sugar washed from the 
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beets would be lost in any case with the flume water discard, the constant activity of 
microorganisms on the exposed surfaces increases the loss. The number of 
organisms carried into the factory is also increased. Based on tests in Sweden, 
Weman (42) considered chlorination with an excess of chlorine in the flume water to 
be of extreme importance. Maudru (24) obtained a kill of 68% of the total bacteria 
by spraying the whole beets with a 1200 ppm solution of Roccal. a quarternary 
compound, apparently using ahout 5 .5  gallons per 100 tons of beets. Norman and 
Rorahaugh (29) treated whole beets experimentally with solutions of quaternary 
amine and phenolic compounds. They found the compound appeared quite effective 
in lowering the fermentation potential. Here, as at later points in the process, the 
COSt of sanitizing agents must be weighed against the ptential loss of sugar from 
microbial activity. 

When the beets are sliced. it can be assumed that the microorganisms will be 
uniformly distributed through the mass of cassettes and will continue into the dif- 
fuser. The beet slicers should be cleaned frequently with steam to remove any ac. 
cumulations of c0s~ett.e particles. 

Diffuaera 
The diffusers in use in the beet sugar industry can be placed in three classes: 

closed, batch-type battery diffusers; open continuous diffusers; end closed con- 
tinuous diffusers. 

In all three classes of diffusers the cossette~ are immediately brought into con- 
vact with thc outgoing hot juice. The sudden elevation oftcmperaturc rctards the ac- 
tivity of mesophiles and further contact with heat causes a sharp decrease in the 
number of living organisms. The activity of the thermophiles will also be retarded, 
but it may resume with renewed vigor after a short time. When cossette scalding is 
used, these retardations occur earlier in the diffuser. 

If it were possible to operate a diffuser so that uninterrupted countercurrent 
flows wculd always occur, the microbial loss of sugar would be at a minimum, and 
could nearly be eliminated by temperature control and minor additions of disinfcc. 
mts. Unfortunately such ideal conditions have not been realized, not only due to 
equipment design but also to fluctuating quality of the cassettes. Cossettcs from 
beets damaged by soil rot, frost, slorage deterioration or other CBUSCS. and trash car- 
ried in with the cossettes create more or less impervious pockets or nests in the dif. 
fuscr which Obstruct normal flow. Such obstructions furnish ideal spots for activity 
of microorganisms which increases rapidly. 

In the closed, battery-type diffuser, each cell takes its place in turn so that once 
in each cycle it is emptied, cleaned, and refilled. This procedure reduces the rctcn- 
tion of a trouble spot to the maximum time of one cycle. In closed continuous dif- 
fusers which arc not completely filled, the interiors cannot be cleaned during opera- 
tion, and many trouble Spots may remain for long times. The interior surfaces ofthe 
transfer equipment or open continuous diffusers, which are exposed to air, may be 
steamed, but air darkens the juices through oxidation and encourages the growth of 
certain bacteria. Closed diffusers, which arc completely filled in normal operation, 
are free from this disadvantage. 

If not killed or retarded by disinfectants, the majority of the bacteria capable 
of activity at elevated temperatures pass right through before the full potcntial of 
their destructive ability is realized. Some are retained in the pockets and become ful- 
ly adapted to the environment. Some M returned with the water pres, "ed from the 
exhausted pulp, and these are thoroughly adapted to tbe diffuser conditions. 
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Controlling Diffuser Infection 
Thus the places within the diffusion system which require the greatest attcn. 

tion are the trouble spots and the pulp press water system. Adequate application of 
heat or disinfectants to these spots benefits the whole system and retards the activity 
of the "transient" * rganisms. 

The locations of the trouble spots vary with equipment construction andjuice 
temperature. Possibly the fastest means of detecting increased bacterial activity is by 
changes in the pH pattern through the diffuser. 

The pH of the diffuser supply water may vary in different factories. It is 
generally governed by the preference of the management, based on operating condi- 
tions. The pH pattern through the diffuser is influenced by the diffuser water; the 
buffering action of the juice, which increases with its solids content; and the prod. 
ucts produced by bacteria. If bacterial action is absent, the pH pattern should 
follow smooth curves similar to those shown in Figure 23-1. Racterial actinn 
resulting in acid formation will cause irregularities in the pattern and indicate the 
locations of trouble spats. 

Diffuser Disinfectants. The use of various disinfectants, such as formalin, 
milhr dioridc, chlorine, and nfhers i! mentioned in !he literature. 

The most popular disinfectant appears to be formalin, a 40% solution of for- 
maldehyde. Because of lower cost, formaldehyde is often prepared in the sugar fac- 
tory by depolymerization of paraformaldehyde in which case the solution obtained 
is generally of low strength. Hallbeck ( I  4) described a simple method for obtaining 
a IO% solution of formaldehyde by using water adjusted to 10.5 pH and steam in- 
jection to raise the temperature to 40 'C. By increasing the pH to I 2  he found that a 
solution containing about 23% formaldehyde could be obtained. Formalin is a 
powerful bactericide and is effective in dilute solution. 

Sulfur dioxide is sometimes used in the diffuser and added to the supply 
water. It is a good disinfectant, and in lowering the p H  improves the pressing 
qualities of the pulp, but excessive use will lower the natural alkalinity of thejuices, 
increase thinjuice lime salts, and may reduce the effectiveness of formaldehyde. 

Chlorine is an extremely eficient bactericide when in a free state and in sufii- 
cient concentration. However, it reacts very quickly with organic constituents of the 
juice and becomes ineffective. 

Control by Heat. The application of heat to the diffuser is partly through the 
supply water, hut mostly by diffuser steam jackets or direct steam injection. While 
it would be beneficial for the control of bacteria to raise the temperature of the s u p  
ply water to nearly 80 "C, the high tcmpcraturc would cause the exhausted pulp 
to be mushy and diflicult to work in the presses, as well as result in a loss of pulp 
substance with a diminished recovery of dried pulp and juice purification dif- 
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ficulties. In addition to recovery of pulp substance the return of press water would 
have additional benefits. such as to minimize waste water disposal, improvement of 
heat economy, and sugar recovery. The latter depends an  the number of active 
bacteria returned to the diffuser, and unless the pulp press water is properly treated 
by heat sterilization or chemical disinfection, an overall loss rather than a gain may 
result. 

Most of the mesophiles are killed in the diffuser. but a few survive in an inac- 
tive state and pass through with the diNusion juice. The  thermophilic bacteria most- 
ly enter the diffuser in an inactive state. The  normal life cycle ofhacteria is shown in 
Figure 23-2. 

The duration of the inactive or lag phase depends on the ability of the 
organism to adjust to the environment. This varies with the species, but the normal 
retention time in a diffuser is probably not sufficient to bring the organism into the 
growth phase, when there are uniform material flows and complete scavenging of 
matcrial from equipment YurFaces. In pockets formed by retained cosxttes and on 
coated surfaces the bacteria are held long enough to enter the growth phase and they 
increase rapidly. The  loss of sugar is in proportion to their activity. In  addition to 
those retained, a large number of well-adjusted bacteria may be returned with the 
press water. 

Frequent observations should be made of the temperature and pH patterns 
through the diffuser, and probably supplemented by tests for activity from several 
places in the diNuser and the pres water return system. These Observations should 
be used as guides far the application of disinfectants and heat. The lasting effec- 
tiveness o f a  disinfectant is only limited by the quantity applied. but the use of heat 
has its limitations. 

Lamanna and Mallette (18) state that the maximum temperature for growth 
and metabolism of any known organism is 73°C. This statement is based on tests 
conducted on organisms isolated from bat springs. Tests to show uptake of radioac- 
tive phosphorus as an index of metabolism above 73 "C gave negative results. Some 
bacteria form spores, which are minute, thickwalled, resistant bodies within the 
bacterial cells. The  spores from practically all spore-forming thermophilic 
organisms will s u n k  bailing temperatures and a few can withstand steam under 
pressure at 120 "C for short periods. Upon reexposure to temperatures of 73 "C or 
lower in a favorable medium, these spores can germinate and develop into 
vegetative cells. I t  has also been reponed by Weman (43) and Lawsan (19) that 
fermentation in diffusers can occur at 80 "C. Such observations are probably correct 
when only the temperature of the liquid phase is considered. The temperature at the 
actual place of fermentation, such as a pocket, may be lower. Carruthers and 
Oldfield (6) prepared cultures of organisms derived from soil which were exposed 
to a temperature of 7 5  "C for 96 hours. They grew readily when subcultured into a 
medium at 70'C. Schonc (38) found that the majority of the organisms would be 
killed between 75 '  and 80°C. 

I 



As shown in Table 23-1. the temperature from the water end of the diffuser 
should be raised to a minimum of 73°C as quickly as is practical. Higher 
temperatures are desirable further along in the juice flaw as indicated from the 
preceding paragraph. (See Chapter VI.) 

The temperature of the diruser %~pply water or the first section of the dif- 
fuser, in factories in North Ameria and Europe, varies from about 50" to 80°C. 

Use of Formalin. If for some reasons high temperatures cannot be maintained 
and equipment design permits the formation of packets or trouble spots, it is 
necessary to rely on disinfectants. 

In the case of formalin it has for many years been the practice to add it in 
rather large doses, assuming that it takes a high concentration to kill the bacteria in 
a trouble spot. When once killed it may not be necessary to repeat the performance 
for as long as twelve hours. The places of addition are mainly determined by the pH 
nattern. but the formation of acid. as indicated hv the drop in pH, docs not I 

necessarily indicate the exact spot of activity. An increase in activity occurs before a 
dron in vH can be measured. Therefore the disinfectant should be added upstream 
of &e j&e flow irom the point indicated by the pH lowering. 

The practice of adding formalin in large doses is common in batteries and in 
oDen continuous diffusers where the location for addition can be freely chosen. The 
pcoccdurr i i  dillicult or impractical wnh clowl coiitinunus diffusrrs such as towurs 
Fermciitalinn in this t\pe d diffuser. acrurdiw to Carrutherr and Oldfield (7,. tends 
to he localized towarhi the iuice end. Bv the addition of formalin to the waier feed 

~I 
~ .. ~~~~~~~~~~ ~~ ~ 

or to the returning press water, the inhibitive effect can be transmitted to relatively 
inaccessible parts of the diffusion system. The major portion of the formalin is not 
decomposed by juice constituents. 

Carmthers and Oldfield (7) found that the m a t e r  c art of the formalin added 
\ ,  " 

to a diffuser is carried by the juice into the process as free formaldehyde. It is finally 
completely decomposed during liming, the degradation products consisting of 
t!osr!u I r- l=w! ------ i z n m c ~ c  acids. Vavra (41) b u n d  that a cmt inuws addition of fnr- 
malin at the rate of0.010-0.0 15% on beets would prevent microbiological action in 
the diffuser, and remain effective until first carbonation. He supplemented this with 

the system amounted to O.OI8-0.023% on beets. 
As the method of formalin addition depends largely on the diffuser type, the 

most beneficial procedure must bc worked out by the individual factory. Lilien- 
skiold and Becker (21) recommend irregular applications to avoid developing resi9- 
tant strains of bacteria. Other disinfectants recommended are chlorine and chlorine 
amine compounds as variants or in combination with formalin. 

5-10 liter additions to the press water at 1 to 2 hour intervals. The total addition to I 

Return of Pres Water to Diffuser. When pulp press water is returned to 
the diffuser a large number of active bacteria can be added if treatment is not used. 
Anderscn (1)  has found that untreated press water may contain 10 million ther- 
mophilic bacteria per ml, or 10 000 times more than is carried to the system by the 
cossettes. He does not infer that the danger of activity in the diffusers is increased in 
the Same proportions, hut he has shown that thermophilic fermentation is more 
probable with pulp press water of high activity. 

As in the diffuser, means of controlling bacterial activity are heat and disinfec- 
lants. Pipes, and in particular elbows and valves, may be coated with a deposit 
favoring bacterial growth. Heat is not effective unless the temperature is kept over 
73°C and preferably as high as 80°C. 

~~~~ 
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In diffusion systems with cossette scalding, the raw juice is reheated when 
leaving the diffuser, hut it is quickly cooled again by the cassettes passing through 
it. The heating will. therefore, affect the mesophiles in the cosscttes rather than the 
thermophiles in the juice. 

Diffusion Juice Screens a n d  Heaters. Before entering the factory juice 
system the juice is usually screened. This unit operation is particularly vulnerable to 
bacterial activity due to fine pulp particle deposits on the surfaces, and to favorable 
temperatures. In addition. to increase in thermophilic activity, there is also the 
possibility of mesophilic activity from bacteria or spores which have passed through 
the diffuser in a dormant state or have entered by reinfection from the surroundings. 

In a well designed factory the transfer lines from the diffuser to the juice 
heaters are kept as short as possible. Means for steaming out the lines are provided 
and are used whenever there is a temporary shutdown of the diffuser, for even a 
short period. 

Juice Purification 
During juice purification, most if not all of the mcsaphiles are eliminated. 

The spores of high temperature thermophiles may pass through. hut most will be 
caught in the thick juice filters. Reinfection may occur from such sources as remelt 
return, and when granular carbon treatment is used, the retention time and 
temperature are favorable for developing spores into active sugar-destroying 
organisms. 

Vacuum P a m  a n d  Mixers 
After concentration in the vacuum pans. the massccuite is exposed to the ac- 

tion of airborne organisms. Destructive activity will occur where the moist material 
accumulates, is cooled off, and is exposed to the air. It is therefore of the greatest 
importance to keep accumulations at a minimum. particularly where rapid coaling 
may occur. 

Centrifugala. Scrolla, a n d  Elevators 
The sugars leaving the centrifugals are moist and do not flow freely. Ac- 

cumulations in centrifugal chutes, scrolls, and elevators must be removed frcquent- 
ly, and surfaces steamed off. Fungi in the air find readily available nutrients in this 
material and cause sugar losses. Even the slightest odor of fermentation must he 
considered a danger sign and indicate the necessity for sanitary measures. 

Storage Tank8 
Condensation on cool metal surfaces in tank head space will provide 

favorable growth conditions for fungi ifnot cleaned frequently. If tanks are used for 
intercampaign storage of liquors. disinfectants must be added. 

Even with the best equipment design, it is practically impossible to avoid 
spills. While such spills are cleaned up and supposedly recovered, the gesture 
becomes one of “housekeeping” rather than “sanitation” unless disinfection and 
sterilization are practiced. Each factory will present a different problem, hut the 
potential dangers should be realized and dealt with in the best manner possible. 

Sanitation Teats 
The best way to determine sanitation eficicncy is by culturing samples taken 

throughout the factory. In addition to the intermediate and finished products, gut- 
ters, sumps. and accumulations should be sampled. 
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The counts of mesophilic bacteria, yeasts. and molds are of particular interest 
in determining infection and growth of airborne organisms and the need for sanita- 
tion. Counts of thermophilic organisms indicate the filtration elficiency and also 
serve to determine the possible introduction of thermophilic organisms in the 
material flow. 

Methods of Analysis 
The counts obtained by plating methods for determining the viable 

organisms in a fluid sample taken from the fluming, diffusion or juice systems are 
generally not satisfactory for immediate control purposes, for two reasons: the 
plating methods require two days or longer before results are available, and the 
change from the factory material environment may influence the metabolism of the 
organisms and the results may be misleading. Such platings can he used as “before” 
and “after” measures of changes in the use of disinfectants or heat. 

Determination of pH 
Changes in the pH pattern are the fastest and most convenient means for 

detecting major changes in microbiological activity, but the pH values cannot show 
if the highest practical degree of disinfection is reached, since the buffering action of 
the juice may mask minor increases in acid formation. 

Determination of Lactic Acid 
Various methods for estimating sucrose loss by determining the acid forma- 

tion in the diffusion system have been proposed and used. From experiments con- 
ducted by Camthhcro and Oldfield (7) it was concluded that a very high proportion 
of the total acid produced in the dinuser by bacteria is lactic acid. In continuous 
cultures at pH 6.1  and 65 ‘C they found that lactic acid averaged 55% of the sugar 
metabolized and that the sucrose loss was equal to about twice the weight of lactic 
acid produced. Norman and Rorahaugh (29) found ratios of sugar to lactic acid 
ranging from 0.81 to 4.44. 

Of iactic acid methods specifically designed for use with beet juices. Siark, 
Goodban and Owens (39) developed a procedure for separating lactic acid by ion 
exchange and employed a colorimetric method of Barker and Summerson (4) for 
determination. Olsen (31) published a determination of lactic acid by paper 
chromatography. Kubadinow and Rosner (17a) described an enzymatic determina- 
tion of lactic acid. The method is rapid and simple enough to be used as a routine 
analysis. 

Oldfield and Shore (30a) and Oldfield, Parslow and Shore (30b) developed 
methods for the determination of lactic acid, principally in molasses, hut also ap- 
plicable to raw diffusion juice. They combine an ion exchange separation and a gas- 
liquid chromatographic method for the determination of lactic acid in raw juice. An 
estimate of lactic acid, ofrelatively high precision, can be obtained within about one 
hour and 40 minutes. 

Determination of N i r r i t a  
Cerlain of the bacteria thriving at higher temperatures reduce nitrates to 

nitrites. As only nitrates and not nitrites are found in soil, the reducing power of the 
bacteria to nitrites in the diffuser can be used as a measure of their activity. 

Carruthers, Gallaghcr and Oldfield (8) used a photometric method developed 
by Buckett. Duflield and Milton (5). Cox and T w i t  (IO) used another photometric 
method and found good agreement between the two. Shinn (384  describes another 
photometric method for nitrite which Lew (20a) has used successfully with 
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sugarbeet process materials. The nitrite determination is a more reliable measure of 
activity than the pH, as buffering action of the juice docs not interfere. 

Mauch and Bounutschky (23) recommended an indicator paper. “Nitur 
Test” (30), for detection of nitrites in solution by the formation of red coloring, and 
concentrations as low as 1-2 mg N O d l  can be detected. I t  has not been available in 
the United States. 

Determination of Thermophilic Activity 
If a sample of juice is taken from the difluser and incubated at the 

temperature of interest, the rate of formation of acid, as indicated by a drop in pH, 
may be used as a measure of the bacterial activity of the organism thriving at that 
temperature. In order to minimize the buffering action of the juice, a small 
measured quantity ofjuice may be placed in a larger volume of an artificial medium 
or a sterile juice. Methods described by Andersen (2) and Carruthers and Oldfield 
(7) are similar. Andersen used an artificial medium and incubated at 5 5 % ,  while 
Carruthers and Oldfield used sterile juice and incubated at 65 “C. 

When testing light colored samples such as press water it is possible to use i n  
dicators and to use the time required for decolorization as a measure of activity. 

Andersen (2) described a method for press water using a 0.1% thionine 
(3,7-diaminophenothiazonium chloride) solution in water as an indicator. The sam- 
ple, with addition of three to four drops of the indicator, is incubated in stoppered 
test tubes at 55 “C. 

Microbiology i n  the Product 

classified by the sugar industry as shown in Table 23-3. 

I 

The microorganisms which may be present in finished sugar products are 

1 Table 29.3 Clnmificntion of Orgnniima in F‘ini&xd Sugar Pmduru. 

3. Mold, Mesophilic ncrobic 

Except for those tolerating high heat and surviving factory processing, the ma- 
jority of the organisms present in finished sugar products are airborne from loca- 
tions favorable to their growth. In addition to the sourccs within the facta7 men- 
tioned in the previous section. outside locations can contribute a large shake through 
airborne dust. 

Dry Sugan 
Mesophiled. D 7  sugars do not ofier favorable growth conditions for 

bacteria and yeasts, and their numbers are gradually reduced in storage due to 
dehydration. The molds may survive when only traces of moisture are pysent and 
spores may germinate in a cold solution of the sugar. 
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Table z3-4 nlicrobiologiral standards for ~ ‘ ~ a i t l e r s ”  Granulated 5ugar. xriionrl soh 
Drink Association (28). . .  

Maximum 
PU 10 cram8 

Mesophilic bacteria 
Yeasts 
Molds 

200 
10 
i n  

The standards set for “Bottlers” granulated sugar by the National Soft Drink 

Thermophilea. Thermophilic organisms are of great importance LO canners 
as they may cause spoilage in some products. The bacteria recognized as spoilage 
organisma in canned foods are shown in Table 23-5. 

The standards set by the National Food Pracesaors Association are generally 
recognized throughout the world (Table 23-6). 

I 
Association are shown in Table 23-4. 

Table ZS-5 Tlirrmuphilic Spoilage Organisms in Canned Food Prcducu. 
I 

1. Aerobic a. ”on “fiat sour+’ Acid not produced 
(Various specis of genus Bociilus) 

(Bacillus rtcorothermophilus) 

(Clostridium thnmoroccharoiyticum) 

1 b. “flat I O U ~ ”  Produce add,  no gas 

2. Anaerobic a. Cas formers Produce acid, hydrogen and cartmn dioxide 

i b. Sulfide prcduccrr Produce little acid, mainly hydrogen sulfide 
(Clostridium nigrilicnnr) I 

Table 156 Smndsrdn lor Thermophilic Organismi in Grandsled Sugar. National Food P m  
c-n Araciation $1). 

Samples l a k m  from ~ i r h  nf fivr hagq 01 hnrrc!~ of a 3hipmenl or 101. 

I .  Toto1 Thermophilic Spore Count. For lhe 5 sampler examined, there shdl be a maximum 
of not more lhiln I50 spores and an average of nor more than 125 Spores per IO 

2. Flat Sour Sfmres. For the 5 samples examined there shall be a maximum of not more 
Lhan 75 Spores and an average of not more than 50 Spores per 10 grams of sugar. 

j .  Thermophilic Anaerobic Spores (Gas formers). There shall be pmenr in not more 
than S (60%) of the 5 samples and in any 1 sample lo lhe extent of not mom 
than 4 (65+%) of the 6 tubes inoculated. 

4 .  Siillidc Spoilage Spores. Them shall be preent in not more than 2 (40%) 01 fhe 5 sampln 
and in m y  I sample to the extent of not more than 5 spores per IO grrmr. 
l h i )  would be cquivslent to 2 colonier in the 6 inoculated lubes. 

grams of mgar. 

Liquid Sugars 
The production of liquid sugars has increased since World War II  from a 

very modest beginning to a major product in certain arcas (See Chapter XV). 
The perishable nature of the products has caused the sugar industry to realize 

the importance of microbiological control through sanitary measures, which in turn 
have contributed improvement to the overall sanitation of the factory. 

Liquid sugars arc made by dissolving granulated sugar in water at a 
temperaturc of about 80°C. Two general types are produced: sucrose syrup with 
solids content of about 66.5% and partially inverted syrups with solids contents 
from 68  to 77%. and invert contents from 10 to 90% on solids. 
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According to Owen (32) the mesophilic bacteria normally occurring in sugar 
rarely. if ever, cause deterioration. Their numbers may indicate the degree of con- 
tamination, which is generally caused by airborne dust. 

The yeasts and molds are the predominating spoilage organisms in syrups and 
cold-process products made therefrom. In Severe infections the yeasts may produce a 
fermented odor and taste. and the molds may give an unsightly appearance to prod- 
ucts and produce objectionable odors and tastes. 

The standards set for "Bottlers" liquid sugars by the National Soft Drink 
Association are generally accepted. at least in the United States. These are shown in 
Table 23-7. 

TabL S 7  Minobiobgir.1 Sund.& for "8otdm" Liquid Suga". Natiolul SDfl Drink 

A .  Mesophilic B l v t d n  1. L P S ~  20 rampler average 100 organisms or leu per 10 grams 
D.S.E.--dry s u e r  cquivalmt. 

2. Ninetyfive percent of 1-1 20 C D U ~ U  show 200 organisms 

Aori.cion 0 

E.  Yerut 

or le& per io grams D.S.E. 
5. of the ]ut 20 samples. only one sample showing a mum 

of mom than 200 bacteria 0.s 10 crams D.S.E. may be ~~ ~~~~~ 

Y 

excluded in cnlculatiing the running average, provided counts 
of other rampla tested the same day are within t h e  foler- 
rnccs as $fated in A - I  and A-2. 

1. Last 20 samplea average 10 organisms or less per 10 grams 
D.S.E. 

2. Ninety-five percent of last 20 couols show I8 organisms Or 
ICSI p& 10 prams D.S.E. 

5. Of the ia$t 20 samples only one sample showing a count at 
more than I8  yeast per LO grams D.S.E. may be excluded 
in calculating the running average, provided counts of other 
sample  f e t e d  the same day are within the rolerancen as 
stared in B-1 and B.2. 

C. Mold Same standards as for "Yeast." 

Liquid Sugar Installation. After k i n g  cooled the syrups are pumped to 
storage tanks to await shipment to customers. The syrups must be protected against 
invasion of microorganisms from the time of leaving the cooler until pumped to a 
carrier. If the manufacturer's tank trucks or railroad tank cars, for the cleaning of 
which he is responsible. are used, the responsibility for quality usually extends until 
the syrup is pumped into the customer's plant. 

A simplified installation for the manufacture and storage of liquid sugars is 
shown in Figure 23-3. 

An airtight system, or one to which only filtered air could be admitted, would 
be ideal. This is unfortunately difficult to bring to reality. Any leaking valve or 
pump in the system may he an opening to the atmosphere and admit the ever- 
present spoilage organisms. Leaking pipe connections fall into the same category. 
Possibly the most susceptible places far infection are the storage tanks. Air entering 
the tanks from the ventilating system may be carrying organisms if the filters are 
defective. Organisms may he introduced through leaks around ultraviolet lamp 
housings. Loading hose outlets arc also potential entrances for organisms and 
should be covered with plastic bags when not in use to prevent entrance of insects. 

The most cffcicnt installation from an engineering standpoint is frequently 
unsatisfactory from a sanitation standpoint. The multiple-purpose use of pumps and 
pipelines causes cross infection. Such a system also may involve stagnant sections in 
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Figure 236. Flow diagram of man- 
ufacture a n d  storage of liquid 
sugar, showing acpects of micro. 
biological importance. 

pipelines. which provide places for incubation. In these sections the organisms 
adhere to the walls and infect subsequent batches of SYNP, even if such syrup is 
sterile when entering. 

A similar condition may also build up on the storge tank walls above the liq- 
uid level. The infection may have started in the supply lines to the tank, or may 
have entered through the ventilating system. Condensation causes a layer of dilute 
syrup to he formed on the surface which furnishes excellent growth conditions for 
fungi. As the level of the syrup drops u film is deposited on the wall and the 
organisms multiply rapidly. If a fresh hatch of SYNP is pumped into the tank the 
turbulence of the SYNP and the rise in level wash the organisms OK the wall and 
they are mixed with the syrup. Such a condition usually can be avoided if a cleaned 
storage tank is filled to capacity before any withdrawals are made, and if fresh SYNP 
is not added until the tank has been emptied and again cleaned. 

Mesophilic Organisms in  Liquid  Sugar 
Boclcrin. The species of mesophilic bacteria which may be found in syrups 

are widely distributed in nature. They can be traced to the soil, plants, occasionally 
water, and the intestinal tracts of man and other animals. According to Owen (32) 
"The only group of mesophilic bacteria occurring in sugars are the spores of the 
mesenteric group of levan-forming species." 

Yeasl. Most commonly encountered in syrups are species of Sacchnromyccs 
and, in particular, S. cerevisiae, which is a strong fermenter of sucrose. Less fre- 
quent are weak fermenters, such as Crypfococcur (Towlopsir), Hansenulo, 
and Rhodoforulo. The colonies ofRhodoforuln develop a cwotenoid pigment. This 
yeast is nonfermentive. 

While most yeasts grow best in low-density sugar solutions, some may develop 
a tolerance to higher osmotic pressure and othns will only grow in high dmshy 
syrups. Examples of such yeasts are: 

Saccharomyces cereuiriac: low density sugar tolerance; 
Sacchoromyces rouxii: low and high density sugar tolerance; 
Saccharomyces mellis: high density sugar tolerance. 
Yeasts tend to he more of a problem when sucrose is blended with certain 

other sweeteners. Blends of sucrose and regular corn syrups are known to he very 
susceptible to yeast spoilage. Experiments h a w  indicated that regular corn syrup 
contributes certain nitrogenous micronutrients neccss;uy for yeast growth (4a). 



Highly refined syrups will normally not undergo yeast fermentation because of a 
lack of micronutrients. 

Two important factors in predicting the propensity o f a  syrup to undergo yeast 
spoilage are: a) the presence of nitrogenous micronutrients and b) the syrup water 
activity (Aw). Water activity may be estimated by the following calculation (4b): 

Moles of water 
Moles of water + Moles of solute 

A, = 

Laboratory experiments have indicated a syrup with less than about 25 ppm 
nitrogenous substances or a syrup with an A, less than 0.80, is reasonably safe from 
spoilage ( 4 4 .  As the minimum concentration of micronutrients or the minimum A, 
is approached. syrup spoilage from yeasts is highly time retarded. Even syrup in- 
oculated with yeasts and maintained at optimum growing temperatures will remain 
unspoiled for long periods of time. 

Molds. The molds encountered in sugar syrups originate in the soil. from 
which well over 250 species have been isolated. Henrici (15) lists the most common 
genera as Arpcrgillus, Penicillium, Zygorrhynchus, Trichoderma, Fusarium, 
Mucor, Rhkopus, Alternaria, and Cladosporium. 

Another organism of importance is the s o d l e d  "black yeast." The organism 
has, over the years. been given a number of different classifications. It is now 
classified as a mold of the genus Aurcobasidiurn. The organism is nonfementative 
and strictly aerobic. A typical colony on agar media appears first cream colored and 
mucoid, then after a few days darkens and eventually becomes black and leathery. 
Initial stages appear yeast-like both when observed macroscopically and 
microscopically. 

The organism is troublesome in syrup lines and may be found on the sides of 
syrup storage tanks usually above the liquid level. The organism has even been 
found growing near ultraviolet lamps. 

Liquid sterilization or the application of steam have generally little effect as 
the leathery coating protects the active cells underneath. Mechanical brushing, 
followed by liquid sterilization is generally necessary for elimination. 

I 

I 

I 
I 

Sanitation. The preliminary step in the cleaning of equipment used for dry and 
liquid sugar products is thorough washing with hot water. If heavy deposits of sugar 
are not completely removed. the subsequent use of sanitizing agents may not be ef. 
fective. Ifan infection of organisms has occurred which produces deposits, it may be 
necessary to supplement the hot water washing with mechanical cleaning. 

This cleaning should be followed by rinsing with a sanitizing solution. Closed 
sections of the system. such as pumps, pipelines and fittings, should be completely 
filled with solution and allowed to stand for a sufiicicntly long period. 

The possibility of undesirable residuals must be considered when using 
sanitizing agents. A chlorine compound is probably the most satisfactory known at 
present, and a number are on the market. Hypochlorous acid, HCIO, is the active 
sanitizing agent in most chlorine compounds. The maximum concentration or 
dissociation of hypochlorous acid occurs between pH 4 and 6. 

At the favorable temperature the optimum growth of most yeasts occurs near 
pH 4.8. Leethem and Eis (20) showed that the population of yeasts in infected syrup 
samples decreases in storage with increasing pH values. It was found that syrups 
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with known yeast counts and adjusted to pH 8.0 or higher were free from viable 
yeasts after a short period of storage. Application of the tests to practice, by simply 
increasing the syrup pH from about 7 to about 8. effectively reduced problems with 
yeasts. The pH change may be accomplished by adjusting the hydroxyl alkalinity of 
the water used for dissolving the sugar. 

The radiation of syrups with ullraviolet light has been practiced for many 
years. Such installations generally consist of unshielded ultraviolet tubes in the top 
sections of storage tanks. As the effectiveness of the lights decreases inversely with 
the square of the distance, the benefits of sterilization of the syrup surface are doubt. 
ful unless the surface is close to the lights. Where ventilation through circulation of 
air is practiced. some sterilization of the air may be accomplished. 

Due to the limited penetrating power of ultraviolet light, complete sterilization 
of syrup cannot he accomplished unless the syrup is treated in a thin layer, and in 
close contact with the light for some time. 

Equipment which meets these requirements is on the market under different 
trade names. The ultraviolet tube is enclosed in a quartz tube which permits free 
penetration of ultraviolet light. The assembly is placed in the center of a stainless 
steel pipe, through which a turbulent flow of syrup passes. The sterilizing units 
presently marketed contain from 4 to 24 tubes. 

Halden ( I  1) made tests with a unit containing 24 tubes. It was designed for a 
maximum input pressure of RO psi, which limits the flow rate to about 20-25 gpm 
for a syrup with a solids content of 77.1%. 

Sterile syrups with densities varying from 50.2 to 75.0" Brix were inoculated 
wi th  s t r a ins  o f  S o c c h o r o m y c e s  cereu i r ioe ,  R h o d o r o r u l a  and 
Aureobasidium, respectively. Completc kills were ohtaincd of Socchoromyces 
cerevl-ioc, and Rhodolorula after one pass through the sterilizer even when the in- 
itial concentration of the organisms was TNTC (too numerous to count) on 10 g 
des. Aureobasidium could not be killed by one pass through the sterilizer. even in 
Icw Cn"wnfr?tion. 

Sterilizing units containing two sets of four tubes each. in series. have been us. 
ed successfully in circulating systems to storage tanks to eliminate minor infections. 

Microbiological Control. Frequent sampling and testins are essential factors in 
the successful operation of a liquid sugar station. Due to the random distribution of 
organisms it becomes very dilficult to obtain a represesntative sample. This is par. 
ticularly true with respect to yeasts and molds, far which the limit is set by the Na- 
tional Soft Drink Association (28) at 10 organisms per I O  grams of dry sugar 
equivalent. The Association recognizes this difficulty by basing the average count 
on the last 20 samples taken from a particular source. The chances for a more 
representative sample are increased if a continuous sample can be taken from a 
flowing stream in a pipeline or pump. Halden, Leethem and Eis (12) describe a con. 
tinuous liquid sugar sampler which may he used with aseptic techniques. 

The  microbiological method for yeasts and molds specified by the National 
Soft Drink Association states that not less than five grams of dry sugar equivalent 
must be taken for each sample and distributed on four culture plates. Due to the 
random distribution of the organisms it is clear that a more reliable count will be 
obtained if  a larger sample and more plates are used. When a number of samples are 
tested, the total number of plates is limited for practical reasons. 

Table 23-8 is based on tables of "Poisson's Exponential Binomial Limit" (26). 
I t  shows the expccted counu of organisms at various levels in 90% of uials. In 5% 
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Table 28.8 Expected Count per 10 g dre 21 Various Actual Organism Lcvels (nor 
more &an 5% under minimum or 5% w e r  mzximum value h t c d ) .  

Actual Product 
AVer*ge g. dne 5 10 15 20 25 50 

Chg.110 g die Plates 4 8 12 16 20 40 

1 Mi" 0 0 0 0 0 0 
hlax 6 4 3 3 2 2 

5 Mi" 0 2 2 Y 3 3 
hlXX 12 10 8 8 7 6 

IO hlin 4 5 6 G 7 8 
M a x  20 16 15 15 14 12 

20 hlin 10 I3 14 15 16 I7 
Max 32 29 28 26 25 23 

50 Mi" 36 39 40 42 .... _. 
M U  GG 63 61 59 .- - 

100 Mi" 78 84 .... .... - - 
hlax 126 118 .... .- - 

~ 

of trials the count may be expected to be less than the minimum value shown. and in 
5% of trials greater than the maximum value. 

The use of molecular membrane filters and fluid media as alternatives for 
culture plates and agar media was proposed by the ICUMSA Committee on 
Microhiolagical Tests (16). The membrane method allows the use of a larger sam- 
ple than is generally used in the pour-plate methods. Among those describing the 
application of the membrane method to sugar products are Perkins (33), Halden 
(13), Schaufus (36), Lorenz (22), and Attenborough (3). 
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Chapter XXlV 

TECHNICAL ACCOUNTING AND PROCESS CONTROL'' 

The principal functions of the beet-sugar factory control laboratory are 1) to 
account for sugar entering and far factory yields and losses, 2) to account for the 
usage and losses of other process materials. 3) to make analyses for process control. 
and to measure and record the many process variables, and 4) to analyze the prod- 
u c t ~  and by-products for quality control. Of course many measurements and 
analyses sene more than one of these functions. 

In this chapter analytical methods will not he described, as they are adequately 
covered in other works (2,4-6). 

l 

Sugar Accounting 
The Material Balance 

For the proper guidance of management and factory operators, the best 
estimate of sugar entering and sugar leaving the process at points shown in Table 
24-1 must be monitored on a regular basis. A material balance detailing the sugar 
introduced and the sugar leaving in the various streams is drawn up by the chief 
chemist each month or each week, showing the results of the current period opera- 
tion, and the operation to date over the entire campaign. For close control the 
chemist may be required to make a daily balance for each day of operation. 

I 

The most general material balance equation (20) for any process is: 
total input = toto1 output + occurnulotion 

sugar e n k i n g  = rugor produced + sugar losses + sugar 

sugar uccunrulnlion = sugar in process nl md of period - 

sugar enlenng = rugor produced + sugar in proceu at end - 

(1) 
I If the accumulation is negative. it is called the depletion. Applied to the sugar fac- 

tory, the equation may be written as: 

0 
accumulation 

But for a given accounting period. 

(3) 
sugar in pmcess at beginning of period 

Then (2) becomes, 

(4) 
sugar in process of beginning + lorrcs. 

It is clear that this is not a complete statement, since some of the sugar in pra- 
cess will be produced as molasses. Beet molasses is about 60 purity, or 60% of the 
weight of molasses solids is sugar and 40% is nonsugars. 

The procedure of estimating the weight of sugar and nonsugars in the factory 
at the beginning and end ofan accounting pcriod is called "stocktaking." It consists 
in weighing, or otherwise measuring the amounts ofjuices and syrups in the various 

~ 

1st edn by S. Moore. 2nd edn. revision by R.A. McCinnis, R.E. Hallbeck. J.R. 
Johnson. This edn revision by R.E. Hallbeck 

t The use of the words "sugar" and "nonsugar" is avoided in the previous 
chapters. unless reference is intended to all sugars, or to every nonsucrosc 
substance. 

However, in the field of technical accounting the usage of these words as the 
equivalents of "sucrose" and "nonsucrnse" is so firmly established, that applica- 
tion to the text of this chapter is postponed for a future edition. 
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Table 24-1 Raulcr by Which Sugar >lay Enter or Leave the Factory 

Sugar Entering sugar Leaving 

1. I" beers plrrcllased 1. sucar DrdIICcd 
2. I n  foreis. mols~ses worked 
3. In house molas~e'~ rorked 
4.  In sugar and sirup carried over from 

5. In damaged or raw sugar purchased 

6. Sugar received, but nor purchased, 

7.  Minor sources 

a previous campaign 

or returned for refining or repmcerring 

in polarizable fare rriaterivl 

( a )  Warehouse reject3 
(b) Sugar lor vacuum pan seeding 
( c )  Sugar in fare laboratory srm- 

pler analyzcd for another fac- 
tory 

?a) krnnulated 
( b )  Specialty grader 

(d) Edible sirups and liquid sugars 
(C) Drown sugars 

?. I n  molasses produced 
3. Losses wLside the factory proper 

(a )  Palsc polariza~ion of tare l a b r a .  
tory Jlmples. (not a" aCfY.1 

IUS%) 

( b )  Sugar lost in lramit, yard stor- 
age. bin storage. and pile stor- 
age by bcef m p i n t i o n  and 
microbiological aclinn 

( c )  Loss of tails and polurizable ma. 
teiid in trash 

( d )  Loss by diffusion 10 beer fluines 
and washer water 

4.  Loses inride the factory readily ac- 
countable. 

(a) I" pulp 
( b )  In pressed pulp water 
i c )  In lime flume 

I 
, ,  
(<I) I n  Sreffen hot filtrate 

5. Losses inside the factory not readily 

( a )  Factory x.311~. leaks, spills and 

( b )  Ily inrersion in proccrr 
( c )  By inicrobiological action 
( d )  Enrrninmenr LO boiler feed and 

a porlion of lhat entrained to 

a<C"Ll"l.blC 

I en,rainme*t 

dilfuiion  upp ply water I 

tanks and pieces of equipment, and determining their dry substance contenu and 
purities. The dry substance is expressed as "Brix or as 96 rds. and the purity as W. 

The quantities of juices, syrups, and massecuites are usually expressed in 
volumetric units determined from direct measurements of calibrated tanks. Weights 
pcr cubic foot and weights PT gallon are available in tabulated form for pure 
sucrose solutions (15), and arc generally assumed IO be valid for the impure 
process syrups. It is convenient to correct the measured volumes to the standard 
temperature of 20 "C (€4 in which the following relations are tmc: 

16s dry substonce = (cu ft juice) x (lbslcu ft) x (rdrIlO0) (5) 
16s toto1 sugar = 16s dry subsronce x (purityi700) (6) 
16s nunsugars = lbs dry ~ u b r h n c e  - 16s toto1 sugar. (3 

(8) 

(9) 

And from the above, 

and by difference, 
1bs sugar in (potmlial) molasses = 7.5 (16s nonsugar) 

16s. sugar in (potential) production = lbs to ld  rugor - 
lbs sugar in (polenrial) molorses. 

A hypothetical stock in process statement is shown in Table 24-2. 

molasses, the material balance equation (4) becomes, 
Separating the sugar in the potential granulated from that in the potential 

Sugar entering = sugar produced + potential sugar production 
in process a1 end of period - pofenlial sugar production 
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in process a1 beginning ofperiod + sugar in molasses 
produced + rugor in polcnfiol molasses in proces~  a1 end 

ofperiod - sugar in potenrial molasses in process a1 
beginning of period + sugar losses. (10) 

Table 24.2 Statement of SLock in Prorcss. Inventory of Sugar in Process of Manufacture 

Wright 
*Lbs Dry Total Dry 

Apparent Cubic Substance Substance Weight of 
P m d " C 1  rds Purily Feet Pa Cu Ft Lbi Sugrr,Ibs 

(1) (21 (S) (4) ( 5 )  (6) 
SWffC" - 88.0 - - 12 500 I I  000 
Beet end 14.0 88.5 15092 9.21 139000 123000 

Thick juice 55.8 88.5 296 43.93 13 000 I 1  500 
Sfd. liquor 60.9 92.5 I712  49.07 84 000 77 500 
White rnas~ecuite 91.3 92.6 1203 84.82 102000 94 500 
Intcrmedlrrc massecuife 89.8 87.1 1539 82.82 127500 111 000 
Raw msarecuite 91.4 79.0 7192 84.95 611000 483000 
White mch. syrup 78.5 87.8 838 68.64 57 500 50 500 
Inter. meh. syrup 77.1 76.5 508 66.98 34 000 26 000 
Molasser" 85.2 61.8 221 76.89 17 000 IO 500 
Low mciier 69.5 95.0 172 58.27 10 000 9 500 

Evaporators 28.4 88.9 681 19.82 13 500 12 000 

Tola1 I221 000 020 wo 
( 7 )  Weight mail nonsugrrs ( 5 )  - (6) 201 000 
(8)  Weight sugar i n  molasses at  60 purity = 15 x (7)  
( 9 )  Weight total granulated quivalenr  = ( 6 )  - (8) 

301 500 
718 500 

Chemist --~.Chemirt 8:OO A.M. Dec. 1 
Time 

) -( 100 
Density x'l 

**If molasm as measured is over GO purity, the amount of sugar involved in the higher 
ouritv is credited to ooteniial eranulated. 

This is the basis for the complete material balance, or yields and losses statement, in 
Table 24-3. 

The statement for a StefF.Cn house is a little more complicated because of recir- 
culation of molasses, and will he considered in connection with molasses account- 
ing. The terns "sugar produced + polenrial sugar production in process a1 end - 
poten1iol sugarproducfion in pmcess a1 beginning" are the net, or corrected. sugar 
production. 

"Extraction" is defined as the ratio of the net sugar produced to sugar entered 

(11) 
net sugar p d u c e d  x 100 

sugar entered 
Percent extraction = 

This ratio is such an important measure of the efficiency of the factory in recovering 
sugar. that the factory sugar balance is often called the "extraction statement." The 
alternative designation "statement of sugar yields and lasses'' is a better description, 
since the meticulous accounting of losses is the first requisite to achieving and main- 
taining high extraction. 

Statement of Sugar Yields and Lwcs 
The yields and lasses statement in Table 24-3 is based on sugar in beets 

slices, and excludes sugar losses outside the factory. Such a statement, starting at the 



\ 
744 BEET SUGAR TECHNOLOGY 

T'ahlc 21-1 llypollirfical Exlractinn for Non.Steffen Factory 

Slatcmenl of Factory Yields and 1.~1ses 
~ Factory 

I 

Reels Inlr"~l,tced Period Prom Ocl. I to Nov I Beers 
Bawd On: BEETS SLICED 62,000 Tons 84.8 Purity 16.50% Sugar 

\\'ciKllt 124.000.000 pounds 
S i p r  yo ....... 16.50 
Purity ............... ~~~ 84.6 

,.. 
Pounds RCClJ 

S U G A R  K N l E R E D  
In bccts sliced 
l 0 l S l  

G R A N U L A T E D  S U G A R  PRODUCTION 
nElrlrceri prociuccd 
Arilziblc i n  p1"LC". C, ld "f pc'i"d 
Total 
Ar:ii lrble in PTNCSS. ha. of period 
Tolrl ,,et p;oduc,ion 

S U G A R  I N  MOLASSES 
Retxwtcd modured , ~, 
Avail; iblc in proless, end of period 
10,d 
A v a i l a b l e  in prmerr. ber. of p e r i d  
'l'olal net produdon 

S U G A R  LOSSES 
Know," nulo 

1 I  

Known lime cake 

20,460.000 16.50 100.00 
20,460.000 16.50 100.00 

16,891,000 13.62 82.56 
638.000 .52 3.12 

11,529,000 14.14 85.68 
850.000 5 3  3.18 

16,879.000 13.61 82.50 

2,881.000 2.32 11.08 
114,000 .IO .56 

2,995,000 2.42 14.64 
106,000 .09 .52 

2.889.000 2.3s 14.12 

542,000 .44 2.65 
41.000 .03 .20 

Known inversion 2fi.000 .02 . I3  I 
Known mtal waste 45,000 .04 .20 
Total accounted (154.000 .53 3.20 
Unrlefcrmined 38.000 4 3  .I8 
Tota l  692,000 .56 3.38 

point (the slicers) where the beets actually enter the factory, is a convenient one for 
the factory superintendent, since it considers only those losses which are under his 
direct control. I t  is sometimes called the lechnicol s~olement.  

Sugar Balance f o r  a Continuous Diffuser 
Lct Wa, WJ, Wu, and Ww bc the weights of beets as cossettes, raw juice, wet 

pulp, and dimuser supply water, rcapcctively, and let Pe, PJ, and PP be the cor- 
responding sugar contents, expressed as decimal fractions. Also let "SB = PBWB," 
etc. be the weight of sugar in the cossettcs. etc. The basic material balance equa- 
tions are: 

to la chief C!:c:ni;: ::~l'emliei i 9  \ 

Wa + wI* = WJ + WP 
SB = s, + SP 

PBWa = PJWJ + PpwP 

(12) 
(19 
(14) 

If WB, Ww, and WJ are all determined, one can estimate the loss in the dif- 
fuser. If only one or two of these variables are determined. the sugar balance can be 
calculated using ( 1  2) and ( I  4). There are seven possible cases. with solutions as  in^ 
dicated. 

Case 1. The Weights of C e t t a  a n d  Diffusion Juice are Measured. 
WP = PBWB - PJWJ (15) 

PP 
Ww, if desired, is then found by substituting numerically in (12). 



TECHNICAL ACCOUNTING 745 

Caw 2. T h e  Weighta of C-tta and Diffusion Supply Water  are 
Measured. 

1 (16) w , = - [  (Ps -PJ) Ws - PJWW 

WJ. if desired, is found by numerical substitution in (12). 

Measured. 

PJ - PP 

Case 3. T h e  Weights of Diffusion Juice and Diffusion Supply Water a re  

(P, - PPbW, + PPWW 
Ps - PP 

wn = 

PsWw - (Ps - Pj)Wj 
PR - PP 

wp = 

Case4. T h e  Weight of Cossetta Only is Measured. We must assume a value 
for WP, say, 

Then 
r = WplWs 

wJ = 
(PR - rPr)Ws 

PI 

The assumption is made that r = 1, then, 

Dividing (21) by Ws1100, the formula for draft by sugar content is obtained 
far the continuous diffuser: 

(22) = WJ x 100 - - Ps - PP 
Wn PJ 

This ratio is independent of any weight determinations. and is calculated from 
the analytical data only. 

Case 5. T h e  Weight of the Diffusion Juice Only is Measured, Again, r = 
WrlWn, 

ws = PJWJ (23) 

W" = PJWJ (24) 

Pa - rPp 
Again, assuming r = I ,  then, 

Pa - PP 
Case 6. T h e  Weight of the Diffuser Supply Water Only is Measured. Setting 

r = w P / w S ,  

(Pa - r (PP)WW 
Pn - PJ + r (PJ - PP) 

WJ i 



Assuming r = 1 

and again, 

PJWW 
Pn - Pv 

WI, = 

w,, = ww 

Case 7. T h e  P u l p  Press Water is Returned to the Diffuser. Two general 
methods are offered for this case, the Schneidcrformulor (7 ) ,  and the Tnsco for- 
mulas ( I ) .  

The Schneider Formulas. These involve the following new symbols: Dn and 
DJ, the dry substance contents of the cossettes and diffusion juice, respectively: P,, 
and D,,, the percent sugar and dry substance of the pressed pulp expressed as 
decimal fractions: L, the pulp loss, expressed as a decimal fraction, percent on beets, 
and D. the percent draft. 

Far these calculations, determinations must be made of the moisture cnntents 
ofthe C O S S ~ ~ ~ C S .  and the pressed pulp; of the percent sugar of the cossettes, diffusion 
juice. and pressed pulp: and of the purity of the dilhusion juice, which yields 
DJ [ =  pj/(iuicc purity)]. 

The Tasco Formulor. For these computations, the percent sugar in the 
pressed pulp water and the moisture in the pressed pulp must he determined. in ad- 
dition to sufficient determinations of the percent marc of the cossettes. The purity of 
the pulp press water is assumed to be 50.0%. 

The following additional symbols are used; PPW, the percent sugar of the pulp 
press water (determined hourly by Amalgamated); Mcn. the percent marc of the 
cm~ettes (determined for early. mid-. and late campaign); M,,, the percent moisture 
in pressed pulp (determined on shift composites and average for the day); Qk-, the 
purity of the pulp press water, or 50.0%; Mc,,, the marc in pressed pulp, calculated 
by (32); and Up,, the weight of pressed pulp on beets. R. the ratio of the percent 
solids to the percent moisture in the pulp press water, is obtained by: 

It is assumed that the ratio, R, holds for the liquid phase of the pressed pulp from 
which it has heen separated. 

MCpp= I - M,, -RM,, (32) 

P,, = RM,I2 (33) 
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Up, = Mc,/Mc,,, 

L = PPP UP, 

Following is an example of the calculation: If Mc, is 4.7, PPW is 1.5, Mpp is 
78.5, and the assumed pulp press water purity is 50, 
from (31), R = 2(0.015)/[1-2(0.015)~ = 0.0309 
from (32). Mc, = 1 - (0.0309 x 0.785) = 0.1907 
from (39, P,, = 0.0309(0.785)/2 = 0.0121 
from (34), U, = 0.047/0.1907 = 0.2465 
from (35). L = 0.0121 (0.2465) = 0.0030 = 0.30% 

Obtaining the Diffuser Data. The losses at  the diffuser are determined by 
the use of the available weighing and metering equipment, the laboratory analyses 
far percent sugar in cossettes, pulp, and diffusion juice. the percent moisture in the 
cossettes and pulp, the percent marc in the cossettes, and the appropriate statement 
of the material balance from the above compilation, However. the situation may be 
complicated by many factors. 

If the beets are weighed before the slicers, the sample of cassettes will be con- 
taminated with condensate. In this case, it  is a frequent practice to shut off the steam 
just before and during the period.the cosette sample is taken. The quantity of steam 
used by the slicers may he estimated from the temperature increase of the cossettes, 
but this involves inaccurate measurements and assumptions, and is of little value for 
purposes of sugar accounting. 

As a rule, the continuous diffusers in this country employ continuous scales 
for weighing the cossettes, and a diffuser-supply water meter. Same use is made of 
steam flow meters, to measure the water condensed on the cossettes. 

I Known Losses, Except Molasses 
The sugar lost in the lime flume is based on the weight of lime rock charged to 

the kiln, and a "CaO balance." There is no CaO, as such, in the rock, and not all 
the lime in the lime flume is in that farm; the term "percent CaO" as here used 
means the total lime content, calculated as CaO. The normal practice is to weigh 
the skips of rock used in loading the kiln, and to determine, usually on a weekly 
composite sample, the percent CaO equivalent in the rack. An estimate may he 
made of the spalls discarded from the slaker, and deducted from the weight of lime 
loaded into the kiln to obtain a net CaO produced. The percent CaO in the lime 
flume is determined by acid-base titration. and the percent sugar by polarization. 

Weigh1 of CaO in rock = Weight of rock x percenl 
Then the following relations are valid: 

CaO in rockll00, (36) 

(37) 

where the weight of rock is corrected far spalls. 

Weight lime flume = Weight of CaO in rock x 100 , 

percent CaO in lime flume 
Wei,qhl of sugar lost 10 lime Flume = weight of lime Flume x percenl 

sugar in lime Nume/700. 
(38) 

In  a Steffen house some lime is lost to hot filtrate, which is determined by 
weighing, or measuring the Steffen filtrate, and measuring the CaO content by titra- 
tion with standard acid. Then these relations are valid: 
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W f .  COO in SfcJJcn hof j i l f rofe  = W f .  SteJeen hof 

Wf. ne1 COO f o  corbonofion = W f .  COO in rock - Wf. Coo 

W f .  sugor losf in l imcflume = W f .  nef  COO 10 carbonofion 

jilfra1c x perccnf COO in Sfe -en  hofJilfrofc1700, (39) 

in SleJJen hofj i l frafe ,  (40) 

x percent sugar in limeflurne/percenf Coo in limeflume. (41) 

In the continuous Steffen process, the starting point for the CaO balance is the 
weight of lime powder an the belt feeder to the vortex pot, since the powder is easier 
to sample than the rock, and the lime addition to the Steffen process is calculated 
more accurately on the basis of the powder weight. A friction clutch driven by the 
belt feeder turns a counter which is calibrated in feet of belt traveled, and the weight 
of lime powder per lineal foot of belt is determined periodically. Then the weight of 
CaO to the Steffen process is, 

feet of belt x Ihs lime per foot x percent CaO in powder 
100 (42) 

In general, the CaO to carbonation calculated from the limerock charge to the 
kiln is higher than that calculated from the measurement of lime powder to the pro- 
cess. This difference is usually rationalized in the CaO balance as "CaO direct to 
carhanation." When milk of lime is added to the second carbonation, or to the sac- 
charate milk, or during periods when the Steffen process is shut down, this designa- 
tion is correct. Otherwise, it represents loss of lime in dust or leaks, and may also 
reveal analytical and measuring inaccuracies. 

Sugar lost in the Steffen hot filtrate is calculated readily from the percent 
sugar by polarization, and the weight of the filtrate. This weight may be determined 
by a tank scale. measuring tank, or weir. and sometimes with a weir meter. 
Volumetric measurements are of course combined with density determinations and 

not suitable lor Steffen hot filtrate, because oi  its rapid scaiing tendencies. 
If the Steffen hot filtrate is not measured. the quantity may be determined 

from the analytical data and the amount of molasses worked. 
The  material balance for the cold and hot process is conveniently calculated 

by the method of 0l;burn and Davis (8) of The Great Western Sugar Company and 
is given in Table 2G4. 

The M o l a w  Balance 
In the straight house, the beets sliced represent all the sugar entering except 

for the minor sources, such as sugar from the previous campaign. p a n ~ p i n i n g  
sugar. and tare laboratory samples. The main "loss," in addition to the diffuser lass 
and the lime flume lass is the sugar in molasses prodoced. Of course this "lass" 
may be recovered if  the molasses is subsequently subjected to the Steffen process at 
another factory. 

Molasses produced may he weighed in a tank scale, and sampled for palarim 
tion at the same point. If the molasses is pumped directly into tank cars for  ship^ 
ment, it is weighed in the cars on railroad scales. If pumped into a storage tank, the 
molasses is best gauged with an opemtube mercury manometer. T o  keep molasses 
from flowing into the manometer, the mercury is first blown up with air pressure to 
a head higher than the head of molasses. The valve to the air line is closed, and the 
valve to the molasses tank opened. When pressure equilibrium is reached, the dif- 
ference in mercury level is measured in inches. For best accuracy, the temperature of 

i 

, 
recorded temperatures to give the weight. Displacement and orifice-type meters are I 
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Table 24-4 Material Balance for Stelfen Cold and Hot Process 

Symbol Item 

0 'ram " g a r  LO coolers 
a' 
1,' Tons solution f o ~  cadex, Inn */a' 
11' 'Tuns l ime powder 

Tons cold wash wafer 
d Tons total. b + b' + c 

Percent sugar in cold sacch. cake 
I Pcrcenf s u p '  i i i  cold racer  
6 Difference, e - / 
h df 

I'erceni sugar in soIution for coolers 

h' 
i 
I 
k 

"l' 

m 

n 

P 
4 
r 

1 
" 

inn Y - 11 

T~~~ 

Tons cold saccharate cake', h'/g 
'Tons cold filrrafe, d - i 

Temp, OC, cold IiltriIe Irg. heat exchangert 
Temp. ' C ,  hoc f i l m l e  
Condenrate rrcr0r.t "' - m 

n' - rn' 

in cold filtrate,  0.01 fi 

~ 

Tuna colll liltralc arrd ~ u w l c n b r l r ,  j v  
Tons hoc Wash water 
Tons total. 0 + p 
13ercent sugar In hot iucch. cake 
Percent s u p  in  total filtrate 
Difference. T - 5 

41 " inn k - 
Tons hot sacth. cake, n / l  

Tuns suear in total filtrate. 0.01 sx 
x 
w 

Tons total filtrate, q - w 

G.00 
1667 

155 
500 

2302 
13.50 

.51 
12.95 

1312 
8688 
672 

1630 
9.24 
20 
87 

1.12 

40 
1866 

11.00 
.I5 

10.85 
280 
649 
60 

1806 
2.11 

1-0"s w i a r  recovered. whole process, n - y 97.29 
Z' Alkaliniry total filtrate 3 4  
Z" CaO lost in m a l  filtrate, 0.01 z'x 6.1 

* ~ i  + fd-i) = 100 a, or i = (100 a-dJ)l(e-J) I 
Womct if necessary for extra hearing by stcam injection. If the filtrate w a w  or finished ~ooler  sola- 

tion ia  heated by stcam or u q m  injection 81 some other p i n t  than in the hot saccharate hearing tank, 
this addition of condensace should bc taken into consideration by subtracting from itcm (m) the n u m b  
of degrees oftemperature rise produced by such heating, and using the camcad figure in the ~ a k u l a t i ~ n  
of item (n). Such a conmion does not apply if the fmirhcd cooler solution is heated indmcrly in s heater 
without the addition of condensale. The w e  of the value (n'), ~ e c  item (n), which docs not exactly concB- 
pond 10 the kind ofvapor used in such aupplcmeniary hcafiny- i s  of no consequence for the few dentes  of 

~~ 

rcmprramrc rise involved. 
t V h e  V ~ U C Q  @cn in this footnote reprerent the enthalpy of various vapors. Thc vduc that represents 

the particular vapor used for dircct healing ahauld be employed. n' for exhavat = 645. for first vapor = 
640. and for third vapor = 636. 

the mercury should also he taken. Then, 
Weight of molasses in tank in pounds = area OJ tonk in 

sq in x inches mercury x psi per inch mercury at 0°C x 
density of mercury, t'C/density of mercury, 0°C. (43) 

where t "C is the temperature of the mercury. This measurement represents only the 
molasses above the point of connection of the manometer to the tank. Volumetric 
measurement of molasses is not satisfactory, because of the wide variations in quan- 
tity of foam and temperature, which both vary the apparent density. 
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Table 24-5 Daily Molarne~ c a l ~ l n t i o n  for a Steffen Factory 
Tons Molascr 

C ~ a e  1. Molorrer Worked i$ Weighed 
I 

On Hand-yesterday in  storage tanks 
On Hand-today in Storage tanks 
Difference 
Molasas worked 
Apparent produced 
Minus foreign mOlasieS received 
Difference 
Plus mo1asse-S shipped 

Net produced 
CASE 2. MOIUSSES Pmdaccd is Weighed 

On Hand-yesterday in storage tanks 
On Hand-today in  storage tanks 
Diflerence 
Molasses produced 
Apparenr worked 
Plus foreign molasm received 

Minus molasses shimed 
Sum 

700.000 
710.000 

f10.000 
150.000 
160.000 
70.000 
90.000 
80.000 

170.000 

700.000 
710.000 

--10.000 
170.000 
160.000 
70.000 

230.000 
80.000 

.1 

Net molasses worked 150.000 

T h e  Steffen House Balance 
For a balance in a Steffen factory, the following quantities must be known: 

I )  the weight of foreign molasses received for processing; 2) the weight of discard 
molasses shipped; 3) the storage tanks inventory. by gauging; 4) either the weight 
of molasses worked (entered to Steffen process) or molasses produced. 

Table 2 4 ~ 5  shows a hypothetical daily calculation for the two possible cases. 
In the calculation of this table, dilution of molasses with steam has not been con- 
sidered. This dilution can he calculated by a material balance, if both the molasses 
worked and molasses produced are weighed. 

in a Steiien house there is a net ioss ai sugar to molasses only if there is more 
sugar in the molasses produced than in the molasses worked. If there is more work- 
ed than produced, due to processing of foreign molasses, this additional sugar work- 
ed is added to the sugar introduced into the factory. Even in this case, however, 
there may be a real molasses sugar lass in the discard moldsses. Table 24-6 is a 
hypothetical extraction statement for a Steffen factory working additional molasses, 
and Table 24-8 is a molasses balance based on the same data, which clearly 
distinguishes between foreign and house molasses. and shows the net molasses p m  
duced as discard. 

So far, the following losses have been considered: pulp and pulp press water, 
lime flume, Steffen hot filtrate, and molasses. All these are fairly amenable to direct 
measurement, and are considered as "known" or "accountable" losses. However, 
an extraction statement based on beets sliced which considers only these losses, will 
usually fail to balance by one or two percent, and this additional loss is usually con- 
sidered "unknown" or "unaccountable." 

Evaluation of Unaccountable Losses, Inside the Factory 
These can arise from the following causes: 1) polarizable substances. other 

than sucrose, in the beets sliced, referred to as "false polarization;" 2) factory leaks 
and spills; 3) entrainment into evaporator condensate, and into pan and evaporator 
condensers; 4) inversion during processing; and 5 )  the destruction of sucrose by 
microorganisms or chemicals in the process. 
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Table 24.6 Hypothrlid Ertrartion Statemcot For a Steffeen Factory Producing 
Excess Mala- 

S t i t e m m t  of Factory Yields and Losau 

Bcetr Introduced 

Based On: BEETS SLICED 66,000 Tons 84.2 Purify 15.91% Sugar 

Period ~ r o m  om 1 to NO". I 
Beet8 

Weight .~ 132,000,000 pounds 
Sugar % 15.91 
Purity 84.2 

Pounds 
SUGAR ENTERED 
In beets sliced 21,000,000 
Total 21,000,000 

GRANULATED SUGAR PRODUCTION 
Reported produced 
Avail in process. end of period 
Total 
Avail in pmcess. beg. of period 
Total net production 

SUGAR I N  MOLASSES 
Reported produced 
Avail. in process. end of period 
Total 
Avail. in process. beg. of period 
Total  ne1 production 
Total worked in Steffen 
Difference (Molas~ea loss) 

Diffuser 
Lime cake 
Sfeffen filtrate 
h"WSi0" 
waste water 
Boiler feed 
Total accounted 
Ull*CCO"nted 
Total 

SUGAR LOSSES 

19.290,ooo 
726,500 

20.016500 
716,500 

19,300,000 

4,535,000 
307,500 

4,642500 
302,500 

4,340,000 
3,846.000 
-491,000 

719,000 
52,000 

175,000 
76,000 
79,000 

% 00 

% on sugar in sugar 
% On Total 

Bee Beets Introduced 

15.91 100.00 
15.91 100.00 

14.61 91.86 
5 5  3.46 

15.16 95.32 
54 3.41 

14.62 91.90 

3.28 20.64 
2 4  1.46 

3.52 22.10 
2 3  1.44 

3.29 20.66 
2.91 18.31 

- 3 8  -2.35 

.54 3.42 

. I4  .25 

. I3  .83 

.06 .S6 

.06 .38 

1,101.000 
106 "no 

.83 5.24 

.08 S O  

.41 5.71 

100.00 
100.00 

91.86 
3.46 

95.32 
3.41 

91.90 

20.64 
1.46 

22.10 
1.44 

20.66 
18.31 

-2.35 

3.42 
.25 
.83 
.36 
.38 

5.24 
.50 

5.14 

False Polarization. "Destructible" polarization is due to dextrorotatory 
substances of unknown composition, which are destroyed under the strongly 
alkaline conditions of carbonation, but not in the relatively mild conditions of the 
lead acetate digestion. The laevo-rotatory fmctose, which may be present in the 
beets, is removed in the lead acetate digestion preceding polarization. It is usually 
determined by the method of Stanek and Vondrak, who found about 0.13% with 
juices from Czechoslovakian beets (18). About the same amounts were found in 
Colorado practice (13). McCann (IO) states, however, that little was found in 
California juices. If determined, false polarization can be deducted from the sugar 
charged to the factory as it does not represent a real loss of sugar. 

Factory Leaks and  Spills. These, and most entrainments eventually pass to 
the factory waste water. The polarization of the waste is ordinarily determined hour- 
ly, and the quantity of sugar lost may be estimated with fair accuracy if the volume 
of waste water is known. This may be measured directly by a weir, or by calibrating 
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and recording the time of operation ofthe waste water pumps. An indirect  measure^ 
ment of the waste water volume may he made by metering the water supply to the 
factory and deducting from this volume. the volume of water lost by other routes, 
such as Steffen hot filtrate. 

Entrainments. Sugar entrained to the boiler feed is, of course, destroyed im- 
mediately. The harmful effect on the hailers is of considerably greater importance 
than the loss of sugar. However, the amount may he estimated with a low order of 
accuracy by comparing the routine a-naphthol tests of the boiler feed water with a 
color chart made up  from teats on solutions of known sugar content. The anthrone 
test (12) may also be used far this purpose and is better suited for quantitative 
estimation. 

Table  24-7 Hypothetical Extraction Statement for a Steffen Factory Working 
Excess Molasses 

Statement of Factory Yields and Losses 

Beets Introduced 

Bared 00: BEETS SLICED 62.000 Tons 84.2 Purify i5.Sl% Sugar 

Period From No". 1 to Dec. 1 
Beets 

Weight ~ ~ ~ . ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~  124,000,000 
Sugar % 15.31 
Purify .................. 84.2 

% O n  % h  
70 On Sugar in Total 
Beets Beets Sugar 

Pounds Sliced Sliced Entered 

SUGAR ENTERED 
I n  beets sliced 18,987,000 15.3i 100.00 99.19 
I n  additional molasses worked 156.000 .I3 .82 .a1 
Other 
T O I d  19,143,000 15.44 100.82 100.00 

GRASUl.ATED SUCAR PRODUCTION 
Reported produced 17,903,000 14.44 94.29 93.52 
A d i .  in process. end of period 718,500 .58 3.78 3.75 
Total 18,621,500 15.02 98.07 97.28 
Awii .  in process. beg of period 726,500 .59 3.82 3.80 
Total net production i7.895,WO 14.43 94.25 93.48 

SUGAR I N  MOLASSES 
Reported produced 4,222.000 3.40 22.24 21.06 
Avail. in process end of period 301.500 2 5  1.58 1.57 
Total 4,523,500 3.65 23.82 23.63 
Avail. in process beg. of period 307,500 .25 1.62 1.61 
Total net production 4,216,000 5.40 22.m 22.02 
Total worked in Stcften 4,372.000 3.53 23.02 22.83 
Difference i56.000 .I3 3 2  .SI 

Diffuser 777,000 .63 4.09 4.06 
Lime cake 50,000 .04 2 6  2 6  

lnverrian 78,000 .06 .41 .41 

SUGAR LOSSES 

sterren fiitrate 188.000 .15 .99 .98 

Waste .#ate* 82.000 .07 .43 .43 
Boiler feed 1.000 .oo .OI .oo 
Unaccounted 72,000 .06 .38 .38 
Total 1,248,000 1.01 6.57 6.52 

Total accounted 1,176,000 .95 6.19 6.14 

Chemist December I 
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Tahlc 24-8 Hypothetical Monthly I l e a  >lolaser Balance Based on Data s l  Table 24.7 

Pminds Sugar Tons Molirsc~ 
Ilorne dlolnrser 

On Imntl Nou. I 
Actual 837,000 824.000 
In  ]pl<,CeJs 307,500 307.500 
'l",al 1,144,500 1,131.500 

sold 

Sceflcnized 
x.2, p'"'lurri"n 

Grmr produrtion 
Fohrcim nlolnrser " 
0" lland NO". I 

On hand DCC. I 
S,eBe"i,ecl 

T o l d  nlolnsres 
Net production 

Workable 
Discard 

RCCeipU 

1,320,000 
301.500 

I.621.500 
386.000 

8RJ.0000 
3,855,000 
4,216,000 

1,293.000 
301.500 

1.594.500 
380.000 
843.000 

3.331.000 
4,114,000 

236,000 
877.000 
94,000 

1,019,ow 

412,000 
451.000 

232.000 
860.000 
92.000 

I.000.000 

403.000 
440.000 

Total 883,000 
Foreign nmla~se6 Steffenized 1.oi9.000 

843.000 
1.000.000 
-157.000 
4.551.000 

4,216,000 4.174 000 

Considerable success has been found with the use of continuous ion detcc- 
tors for this purpose. Miller, el ai, ( I  I )  reported on the use of the Marius potassium 
flame photometer (19.22). This satisfactorily measured the concentration of the 
potassium ion in boiler feedwater, which is closely correlated with the sugar con- 
tent. All of the factories of the Spreckels Sugar Company have since been equipped 
with Marius flame detectors. 

Inversion in Process. Inversion in the process causes a significant loss of 
sugar-up to 2 or 3% of sugar introduced in some cases. Since moat of the reducing 
sugars present in the diffusion juice are destroyed in first carbonation, most of the 
invert found in the molasses produced is assumed to have been caused by suhse- 
quent inversion. If invert sugar is simultaneously produced and destroyed in the 
evaporators and the sugar end of the factory. an estimate of sugar lost by inversion 
based an this assumption is too low. 

Loar Through Microorganisms. Destruction of sugar by bacteria and other 
microorganisms is difficult to measure directly. If it is large, it may be determined 
by difference, after all the other losses above are accounted for. Generally, however, 
this loss is less than the error of the other measurements. In some cases. significant 
bacterial action may he demonstrated by secondary effects; for example, the drop in 
pH in the diffuser (21). 

- 

T h e  B e t s  Purchased Statement 
An extraction statement based on beets purchased is illustrated in Table 24-9. 

This is for a factory where beets are purchased on a clean beets basis. Thus, sugar in 
crowns is added to  sugar purchased:The total outside lass is the difference herween 
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~ ~ k . 1 .  249. Extraction Statrmcnt B a d  on the Data of Table 247, with the Addition of Dam on 
Bccu Purchard and Ouuidc Laru 

Smtrmcnt of Factory Yield, and 

Factory 
P c r i d  f-om No". I LD Dcr. I 

%On Bcc" 

Breis purchased 58.740 16.20 97.01 
T0.M %Sugar RCCeiWd 

Crowns 1.nin 11.06 2.99 
I c d  hecis rcceiued 60.550 16.05 ioo.oo 
Rccis iliccd fi2.000 15.31 102.39 

%On 960" %On 
Sugar in Sugar in Net S u p  
nu" Bccm Entering 

Pound. Rccrivd P u r r h a d  F'nClOV 

Sugar I" 
Bcco Purcharrd 
Crow"" 
&cis Rcccivcd 

i9.032.000 97.94 lOO.00 
10 o , n o o 2.06 2.10 

I Y . ~ . O O O  ioo.no 102.10 

Sugar in &m Sliced in.987,ooo 97.71 99.76 
~~ 

Sugar Lost Outride Factory 
Rail Transit 
Piling 
Taili,!K* 
I.orr iii Fluiiir 
I o d  hccounied 
Un.rcoun,cd 
'Total 

no.oon .4 I .42 
i97.000 1.m 1.03 
n i ,non  .42 .43 

ioi .nno . J 2  3 3  
4sY.ono 2.36 2.4 I 
- 14.nno -.07 4 7  
44s.ono 2.29 2.34 

P k  SYK" r.i.i<iiilJ rzctoq 
In &cts Sliced in.987.000 97.71 99.76 99.19 
In Addilional Molasses worked 156,ooo .no .82 .81 
'T"td 19,143,000 9n.si ion.sn 100.00 

Nc, Oranulatcd Sugar Prduccd 17.n~5.ooo 92.09 94.03 93.48 

SIIK" in Mnlar7cr 
Nct Production 4.216.000 21.70 22.1s 22.02 
Wnrkrd in Scr( lm 4.172.000 22.50 22.97 

177.000 4.00 4 . m  4.06 
so.ono .26 .26 2 6  

IHH.IIOII .97 .99 . M  
78,000 .40 .I1 .+I 
n w o n  .42 .43 .A3 

1.0110 .on 3 1  .DO 
I,I 76:oon 6.05 6.18 6.14 

I , Z + R . I I O ~  6.42 . 6.55 6.52 
72.000 .37 3 7  .3n 

.Total sugar I ~ , ~ ~ ~  
Accuunccd 1,635.000 8.4 I 8.59 n.54 
una<<oumcc1 58.000 .30 ,383 30 
'1.01.1 1.695.000 8.71 n.89 8.m 
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total sugar entering and sugar in beets sliced, and is broken down into the quantities 
estimated by the method in the next section. The accuracy of these estimates is low. 
The losses inside the factory are h e  same as described. 

Loam Outride the Factory' 
A yields and losses statement baaed on sugar in beets purchased is constructed 

on the same principles as the beets sliced statement. Sugar entering ir calculated 
from the delivered weight of beets. and the tare laboratory analysis (see Chapter 
111). In addition to the data in the heets-sliced statement, sugar losses occurring out- 
side the factory are involved. 

These may be 1) sugar loss in beets during transit from remote receiving sta- 
tions to the factory, 2) loss in bins and yard storage, 3) loss in beet piles. 4) loss of 
beet fragments and tails in trash catchers and the like, and 5) lass of sugar to the 
fluming water. 

Losses During Transportation. Transit. storage, and piling loses have k e n  
the subjcct of numerous investigations (3.1 7). Transit losses can become appreciable 
when beets are shipped long distances in a hot climate. as in California. These losses 
can he estimated by weighing and sampling beets into and out of rail cars, although 
this is expensive. A better method may be that of Fort and Stout (9). Samples are 
prepaxd according to their directions, and may be transported in cars with the beets 
and recovered far analysis. The losses found in the samples may then he ex. 
trapolated to estimate the loss far the cars represented. Spreckels Sugar Company 
(17) has found a relationship between the rate of sugar lass in beets in transit or 
storage, and the mean ambient air temperature. Far California beets in 1966-67, the 
following relation was found valid: 

I 

I In Y, = 0.0415X - 1.9445 (44) 

where In Y, is the natural logarithm of the sugar loss in beets. expressed as pounds 
of sugar per ton day storage, and X is the mean ambient air temperature during the 
storage period in 'F. 

Barr. Mervine and Bice (3) reported the sugar loss rate afbeets in storage to be 

I 
I 

In Y, = 0.0418X - 3.1567 (45) 

Piling and Normal Storage Losses. Losses in piles are the most significant 
outside-factory loss of sugar. See also Chapter IV. Equation (44) has been Sound to 
apply to beets in static as well as transit storage, in California. The Spreckels Sugar 
Company has found that replicate samples. made up from a truck load out of one 
beet field, is the best far studying sugar losses in piles under practical conditions. 
Each replicate is contained in an open-mesh, plasric-fiber bag. The number of 
replications must be very largc for statistically significant resulu. 

Lmvs in Tai ls  and Flume Water. Lass of sugar in tails in the trash catcher is 
determined by occasional sampling and sugar analysis, and an estimate of the 
weight aftrash. The latter weight may he determined directly by weighing the trash 
trucks, if this melhod of disposal is used. 

Lass of sugar by diffusion to the beet flume water is calculated from occa- 
sional polarizations of flume water. and an estimate of its quantity. 

'By R.E. Hallheck 
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Accounting for Other Procelu Materials 
Lime and coke are impartant process supplies. Their purchased weights are 

known, and they are :.eighed again into the kiln skip. The distribution of lime in 
the factory is detailed in the above-described CaO balance for lime flume calcula- 
tions. 

Other important process materials for which records are kept and usage 
reported on the factory technical reports are soda ash, sulfur or sulfur dioxide. filter 
aid, filter cloth, carbon. sodium aluminate, boiler treatment chemicals, settling aids, 
evaporator treatment chemicals, boil-out chemicals (muriatic acid, caustic soda, and 
inihitors) and foam breakers. 

Fuel to the boilers and steam generated are considered in Chapter XX. The 
steam halance is detailed in Chapter XI. 

Process Control 
Any physical measurement or chemical analysis which indicates the 

magnitude of a process variable may be considered process control. In general, in- 
strumentation and chemical analysis are outside the scope of this chapter. There 
are. however, a number of derived functions which are frequently useful in sugar 
factory operations. 

Elimination 
Assume that materials. such as cwsrttrs and juicer enter a process at a given 

percent purity. PE, and leave at a higher percent purity, p ~ .  Then the percent non- 
sugar elimination is given by 

percent elimination = 10 000 (PI. - PE) (46) 
PI, (100 - PE) 

This i umula  assumes only that nothing other than nonsugars is lost in the proccrr. 
I t  is applicable to the diffuser. where pl; is the purity of the cassettes and PI,  is the 
purity of the diffusion juice. 

Crystallization 

percent crystallization nn total sugar (sucrose) is e v e n  by 
I f  the massecuite purity, PF, and the green syrup purity, pc. are known. the 

percent gross crystallization = ' 0  000 (PF - wL. 

percent gross crystallization = '00 (P-) 

(47) 
PF (100 - PC) 

The percent crystallization on total dry substances is given by 

(48) 

The net crystallization. or net yield, takes into consideration the purity of the 

(49) 

100 - pc  

raw sugar. 

percent net crystallization = 100 (PF -PM) PS, 
PF (PS - P.) 

Percent net crystallization on total dry substance, likewise, is, 

percent net crystallization = '00 @F -P.), 
PS - PM 

(50) 
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where pF is the massecuite purity, pM the machine syrup purity, and ps the purity of 
the washed sugar. 

The percentage of crystals in the massecuite is given by, 

where DF is the pircentage of dry substance in the masSemite 

Carbon Dioxide Absorption in  Carbonation 
If the amount of carbon dioxide is determined in the gas going to carbonation 

with the Orsat apparatus. and in the carbonation vent stack, the percent absorption 
is given by 

percent absorption = l o  Oo0 - PI.) (52) 
PE (100 - PI.) 

where PE and PI. are the percentages of carbon dioxide in the gas entering and leav- 
ing. 

Rectangular, or Spider Diagram 
Suppose it is necessary to mix 85% rds syrup and water to make 100 pounds 

of 70% rds syrup. Considering water as containing 0% solids, a rcctangle is set up 
by placing the desired percent rds in the center, the percent rds values of the original 
solutions on the side, and then completing the rectangle by subtracting h e  smaller 
numbers from the largcr ones, along the diagonals. as shown below. 

85 70 

\ /  70 

7 0 \ 15 

In this example, 70 pounds of 85% rds syrup and I5  pounds of water (0% rds) were 
required to make 85  pounds of syrup. Since 100 pounds were desired, we multiply 
these quantities by 100185. 

70 x 100185 = 82.35 Ibs 85% rds syrup 
15 x 100185 = 

100 Ibs 70% rds syrup. 
17.65 Ihs water 

This method is obviously applicable to the dilution of acids, bases and any 
other solution where the compositions are known. 

It may he used to estimate pan purities. For example, suppose the high raw 
pan contains 1000 cu ft of massecuite at 86 purity. I t  is desired to lower the purity 
to 85  by bailing back 74-purity low machine syrup. What is the required final 
volume of the pan? Set up the spider diagram and subtract along the diagonals. 

86 11 

\ /  
14 /85\ 1 



Then 11 parts of 86 purity material mixed with I part of 74-purity material, gives 
12 parts of the finished massecuite. 1000 cu fi is I 1  parts. then 1 part is 

1000 x 1/11 = 91 cu ft. 
Thus, low machine syrup should be added to make a massecuite volume of 1000 + 
91 = 1091 cu ft before "Brixing up.'' Since the measurement of syrup added is 
made after boiling in the pan, the syrup density is unimportant. 
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APPENDIX A 
Glossary of Technical Terms in Common Use in 

the Beet-Sugar Factory, and Obscure Terms in this Text 

Here are listed terms which are not defined, or not explicitly defined in the 
text. Reference should be made to the index when seeking the meaning of a 
technical term. In general, terms are not included which have obvious meanings. 
which are commonly used in other industries, or which are in use in only one fac- 
tory. or in one company's factories. Terms followed by an asterisk ( * )  are as defined 
in "Technical Vocabulary far American Beet Sugar Processors," compiled by E.M. 
Hartmann, Journal American Society Sugar Beet Technologists. 19: (4) 345-364 
1977. 

Abbreviations: n. = noun; adj, = adjective; v. = verb 

I 

agr. = agricultural; biochem. = biochemical; b id .  = biological; 
bot. = botanical; chem. = chemical: 
coll. = colloquial in the industry; geol. = geological; 
instr. = instrumental; math = mathematical: 
micr. = microbiological; phys. = physics; 
phys. chem. = physical-chemical; zool. = zoological 
accounted losses.* Quantities of sucrose determined or estimated by 

measurements and analyses to be escaping the process through known channels of 
loss. 

activity. chcm. The elT..ctivc concentration of a substance. 
abscissa. moth. The horizontal axis in a two-coordinate graph. 
absorption p h y .  chem. The assimilation of molecules of gases or of 

acrylic. chrm. Refers to a resin made by polymerizing (4.v.) esters of acrylic 

adrorbate. chcm. Material adsorbed. 
adsorption chem. The adhesion of molecules of gases or of dissolved 

substances to the surfaces of solid bodies. 
affination* coll. Process for purifying an impure crystalline sugar by mixing 

it with syrup to form a magma, then spinning the magma with or without washing. 
affination magma* coll. Magma produced by mechanically mixing crystals 

with syrup (see ofination). 
after product. coll. Describes any material obtained after the white-sugar 

boiling, including remelt sugars. molasses, etc. 
agglomerate* To intergrow mutually so as to form a conglomerate. 
aldol condensation chem. A chemical reaction involving two aldehydes or 

ketones, resulting in a longer carbon chain (e.g., C3 + CS = Cs). 
aldose. chem. Relating to aldehydes; i.e., monosaccharides are aldose when 

they are dehydroalcohols. 
alkolinity.*chcm. In  the product streams o f a  bet-sugar factory, the result of 

a titration with standardized acid solution to a phenolphthalein endpoint or 

dissolved substances, within solid bodies with which they are in contact. 

acid. 
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equivalent pH. expressed as g CaO per 100 ml. In water analysis the endpoint must 
be specified and the result is usually expressed as ppm or spg CaC03. 

alluuial. geol. Composed of sand or gravel. deposited by running water. 
alphanumeric. Pertains to characters consisting of letters, numbers, punctua- 

ammonia liner. Pipe vent lines for removal of noncondensable gases from 

amorphous. phyr. Not having crystalline shape. 
analog. A physical variable which remains similar to another variable insofar 

as the proportional relationships are the same over some specified range. For exam. 
ple. a temperature may he represented by a voltage which is its analog. 

angle of repose. phyr. The angle formed by the surface of a pile of granular or 
particulate material with the horizontal surface on which it rests. A greater angle 
results in flow of the material. 

tion marks, and such signs as 8 ,  @, and Y. 

various calandrias. 

anaerobic. micr. Living or active in the absence of free oxygen. 
anion chrm. A negatively-charged ion (s.v.) in solution. 
apc, apparent purity. co l l  The percentage proportion of sugar determined 

by direct polarization an  solids, the solids being determined by Brix hydrometer or 
by refractometer. When the solids are so determined, the results dimer slightly from 
each other and from dry substance determined by drying, and purities based on them 
are specifically designated (see true purity). 

arh. chrm. T h e  solid residue left after incineration in the presence of oxygen. 
In analysis of sugar products. sulfuric acid is added to the sample, and this residue 
as “sulfated ash” heated to ROO ‘C is taken tn he a measure nfthe inorganic constit- 
uents. Sometimes determined indirectly by measure of the electrical conductivity of 
solutions of the products. 

asymmetric. Not symmetrical. 
o;l.=?totic. iiiai.:. Gradually approaching biit never reaching a limit. 
back-mixed crystallizer. coil. A crystallizer (or pan) having a continuous 

feed, a mixing of the contents within the crystallizer, and a continuous emuent 
product removal which represents the full range of residence times of the cantinu- 
ously nucleated or seeded crystals in the crystallizer. The crystals in the product 
stream withdrawn will have a corresponding full range of sizes. 

bogfilter. A filter made of a series of fabric bags hung vertically to spigots in 
a tube sheet contained in a filter tank; e.g., Taylor filter, being filled with the liquid 
to be filtered. 

bar. phys. A pressure of 14.504 Ibslsq. in., orone megadyne per square cen- 
timeter at 0 “C and standard conditions of gravity. 

barometric leg.* A column of pipe beneath a condenser operating at less-than 
atmospheric pressure, F m i t t i n g  the removal of condensate or condenser water by 
gravity. 

bar screm*  Self-defining. A more descriptive term than “grizzly.” Often 
used for separating beets from flume water. 

bore. chrm. An oxide or hydroxide that will neutralize acidic material; i.e., 
produces hydroxyl ions. 

batch cooler.* The classical xactor in the Stcffen process, consisting of a ver- 
tical, cylindrical vessel equipped with a calandria heat exchanger (for cooling) and a 
propeller stirrer. 
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beet (PI: beets)' The sugarbeet root. 
beet bins.' A-frame Structures built over beet flumes for the short-term 

storage of beets at the factory site. 
beet end' The section of the factory encompassing the process from the beet 

flumes through the juice purification. May also include the evaporators. especially 
in older factories not originally designed Tor the extensive use of evaporator vapors 
in heating the vacuum pans. 

beet feeder.' An apparatus which regulates the flow of beets in a beet flume; 
usually a variable~specd. rimless wheel whose spokes project downward into the 
flume. 

beet flume.* A concrete-lined ditch or metal trough designed for the 
hydraulic transport of beets. 

beet knife.' A rectangular piece of steel rolled or milled into a serrated shape 
far slicing beets into cossettes. 

beet pile.* A stack of beets usually &tined for IonTtem storage; ix.. more 
than a day or two. 

beet pump.' A specially designed pump for elevating beets and flume water. 
beet rasp.* A device designed to obtain representative samples of beet roots in 

beet screen* A mechanical device for cleaning the beets at the receiving sta- 

beet slab.* A paved area, usually with embedded beet flumes. for the short- 

beet warher.' An apparatus for wet cleaning of the beets. 
beet wheeL* A bucket wheel that elevates the beets and,in some cases. water 

biennial. bot. A plant requiring two years for full life cycle. 
biomass. bot. Total weight of plant material; root. leaves, petioles. 
biot in chem. A compound which is a member of the vitamin-B group. 

Bird centrifugaL A continuous chemical centrifugal with a horizontal axis. 

blowdown coli. A discharge from a system. designed to prevent a buildup of 

BOD. biochem. Biochemical oxygen demand is the amount of oxygen re- 
quired to biologically oxidize the organic matter in a sample over a period of time, 
usually five days. 

the farm of fine particles. 

tion; usually a specially designed roller table. 

term storage of beets at the factory site. 

from the beet flume. 

Not used for sugar. 

some material, as in a boiler to control dissolved solids. 

body. The sensory impression of density in a fluid. 
boiling scheme.' The overall plan of crystallization-separation stages in the 

boiling time.'In batch sugar bailing. the elapsed time from the admission to 

bolters.* Beets that have grown a flower or seed stalk. 
boltingsilk.  Silk cloth of various mesh sizes used for screening pulveizcd 

or granular materials. 
bonc cbr. Bone charcoal, bone coal, bone black, charcoal prepared from 

selected bones of cattle. The material functions as an activated adsorber for color 

sugar end, chiefly designated by the number of stages or "boilings" used. 

the cutoff of the heating steam or vapor. 



and ash, particularly in the sugar industry. It was widely used in beet-sugar factories 
in the 19th century. It is in current use in cane-sugar refineries. 

Boltrman function. phyj. chem. Molecules making up a chemical system 
will have various, quantitized levels of  energy. The Baltzman principle is a 
mathematical, probahility description of  the energy level of a molecule in that 
system. 

bottlers sugar.* Sugar meeting the standards of the National Soft Drink 
Association. Can be either granulated or liquid sugar. 

bottom blow. coll. Boiler blowdown from the bottom or mud drum of the 
boiler. 

brei.* Fine beet particles-the product of a beet rasp, beet saw, or similar 
device. 

Brix.* The percent dry substance by hydrometry, using an instrument (Brix 
hydrometer) or table calibrated in terms of percent sucrose by weight in water solu- 
tion. 

brown sugar.* A marketable product consisting of fine sugar crystals lightly 
coated with a yellow- o r  hrown-colored syrup that contains a relatively high percent- 
age of invert sugar, which keeps the product slightly moist. 

buffer. A substance in a solution which acts to maintain an existing, usually 

bulk b i n *  A hcility for storing granulated sugar in bulk form. 
coke. cot/. The solid material separated from sugar syrups or juices by filters. 

See also lime cake and saccharate cake. 
cnlnndrio.8 A heating element used in certain types of evaporator bodies and 

vacuum pans. cmsisting of a drum- or lens-shaped body traversed by vertical tubes 
with the Steam or heating vapor in the space surrounding the tubes. 

calcinntion chem. The roasting or burnins of any substance to bring about 
physical or chemical changes; e.g.. the conversion of lime rock tn quicklime. 

cambia. bot. The rrgiun in the plant where cell division occurs. 
campaign.* T h e  period in which the beets are processed. May also include 

factory test-out and lay-by periods, periods in which the beets are harvested but not 
processed. and periods in which stared juice, partially refined sugar, molasses. or 
other substances are processed or reprocessed. 

hydrogen ion, concentration. u. T o  react in the same fashion. 

copillmy. phyr. A tube having a very small bore. 
cormelire. To form products from sugar by burning sugar or similar car- 

carbarnote. chem. A salt of carbamic acid. H-N-COOH. 
carbonnte.8 To introduce a gas rich in CO? into the juice. 
carbonntion.' The phase of the process in which a gas that is rich in COP is 

added to the limed juice to precipitate excess lime as CaCOs. Thus,Jirsl carbono- 
lion, second carbonation. 

carborntion-filter feed.* The feed slurry for the (usually) vacuum filters that 
desweeten the precipitates from the carbonation. Often also embodies cakes from 
othcr filtering stages which require desweetening. 

carbonator.' I .  Apparatus in which carbonation is accomplished. Preferable 
to "carbonation tank." 2. Person operating such apparatus. 

cascade control loop. instr. A closed-loop control in which the set point of a 

bohydrates. 



controller of one variable is adjusted or modified by means of another measured 
variable. 

carter sugar. coll. A f i n e ~ p i n e d  granulated sugar. so-called because it is 
used in table casters with perforated tops. 

catalyst. phys. chem. A substance which accelerates a reaction without itself 
being changed. 

catchdl.* A device for separating entrained matter from the vapor leaving a 
vacuum pan or evaporator body. 

cation chem. A positively charged ion (q.v.) in solution. 
caustic. adj. or n. Capable of destroying or eating away by chemical action. 

Applied to strong bases. 
cauitation phys. The formation of a cavity, caused by the vaporization of a 

liquid resulting from a partial vacuum created by a rapidly revolving propeller; also 
the cavity itself. 

cellpll.  coll. The weight of cassettes per unit volume in the individual cell or 
diffusing space of a diffuser. 

center well.* Communicating tube of relatively large diameter traversing the 
axis of a calandria which permits a convective circulation of the liquid being heated; 
i.e.. upward through the tubes and downward through the center well. 

centrifugal* In the sugar end. an apparatus which separates the crystals from 
the syrup in a magma by filtration through a screen. enhanced by centrifugal force. 

chain-grate stoker. A stoker system which moves the coal i n  a continuous bed 
from the bottom of a feed hopper into the furnace by means of a moving grate. con- 
sisting of a continuous belt constructed of many individual cast-iron chain links so 
asremhled as to allow air to pass through. 

chelate. chcm. T o  form a soluble complex with a diEsnlved substance, effec- 
tively reducing its activity. 

chemical symbols wed in text. 

AI = aluminum H = hydrogen P = phosphorus 
Ba = barium I = iodine K =potassium 
B = boron Fe = iron Na = sodium 
Ca = calcium Mg = magnesium Sr = strontium 

CI = chlorine N = nitrogen Sn = tin 
c u  = copper 0 = oxygen Zn = zinc 

C = carbon Hg = mercury s = sulfur 

chips. coll. Cossettes. 
chloromethylation. chem. Introduction of the chloromethyl group, 

C H C I - .  into a compound. 
chloroplart. bot. Tiny chlorophyll-containing organelle in leaf cells where 

light energy is harvested. carbon dioxide fixation occurs and sugars are synthesized. 
chromatography. chem. Separation of the constituents of a mixture of 

chemicals by passage through a column or layer of absorhent material. The in- 
dividual materials are absorbed at different rates, and layers or bands of pure 
substances build up. 

clarification coll. The process of removing undissolved materials from a liq- 
uid. Specifically. removal of solids either by settling or filtration. 
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clarifier.* Apparatus for the eliminatiol; by sedimentation of suspended 
solids from a turbid liquid: thus Jlume-mofer clantier, moin-waste cloriJier, f i rs f -  
carbonofion clarijie,. Note: When the main objective is to recover the solid phase, 
the term fhickrner is preferred: thus hof saccharale fhickener (9.v.). 

clarifier overflow.* The supernatant liquid leaving the clarificr. 
clarifier underflow.* The concentrated suspension of separated solids leav- 

clean-beets weight." The purchase weight of the delivered beets; Le., first.net 

clinker. To fuse together by heat. n. The result of such fusion. 
COD, biochem. Chemical oxygen demand. Its determination provides a 

measure of the oxygen equivalent of that portion of the organic matter in a sample 
which is susceptible to oxidation by a strong chemical oxidant. 

cold filtrate.' The liquid eflluent from the filters that separate the cold sac- 
charate (cold-socchorafe fillers). 

cold warh.* The liquid emuent from the washing section of a cold-saccharate 
filter. if separated from the balance of the filtrate. 

colloid. chem. A substance in finely divided state, ranging from 0.2 to 0.005 
microns in diameter. 

concentrotor.* An evaporator body for precisely adjusting the concentralion 
of thick juice or standard liquor (q.v.) destined for long-term Storage. or of CSF 
(9.v.): or for preparins graining charges (q...) . 

condewate.* Water obtained by candensstion of steam or vapor in surface 
condensers, or in the steam or vapor chests of heating or evaporating vessels. 

con&mrr.* Apparatus for the condensation of steam or vapor, generally us. 
ing water as the cooling medium. 

cnndmrer water.* A mixture ofcondensate and coolin_e water produced by a 
direct-contact condenser. 

confectioners' sugar. Powdered sugar. 
conglomerate.* A cluster of mutually intergruwn crystals. 
comttes.' Slender strips o f  beets cut by the slicers. 
crosr-linking. chem. Of a resinous polymer, bonding hetween widely 

crown.* n. The part of  the beet to which the petioles are audched; u. To 

cvystallizotion.* The total weight of sucrose in the solid product of the ccn- 
trifugals. including the dissolved sucrose in any syrup adhering to the crystals. ex. 
pressed as a percentage of the total weight of sucrose. both crystallized and dis- 
solved. in the massecuite spun. 

cryrlollirer.* Apparatus for continuing the crystallization of  sugar in a 
massecuite after its discharge from a vacuum pan, by providing retention time, stim 
ing. and cooling at a controlled rate. 

CSF* Concentrated Stelfen filtrate--a syrup-like liquid produced by deliming 
the Stelfen filtrate and then concentrating it to about 60% dry substance. Valuable 
as an animal feed or feed additive. 

ing the clarifier. 

or screened weight adjusted for percent tare or percent clean beets. 

separated portions of polymeric structures. 

remove the  crown from a t m t .  

cultiuor. bof.  A cultural variety. 



curing.* coll. The crystallization of sugar in a massrcuite hy means of a 
crystallizcr. 

cut. roll. Used in the sense "to separate." T o  CUI a pan: to split or divide the 
contents hetween two pans. To cut sugar: the act of removing or plowing centrifug- 
ed sugar from the centrifugal basket. 

CV. Coefficient of variation of the screen opening through which sug:: 
crystals will just pass. See MA. 

cycle time.* In hatch sugar boiling. the elapsed time from the admission of 
one graining charge to the admission of the succeeding graining charge. 

cyclone. A mechanical classifying device normally uscd to remove solid par- 
ticles from a gas stream by means of centrifugal force. Tangential entry of the par- 
ticulate laden gas stream creates a vortex actiun within the cyclone, forcing the solid 
particles to the periphery o f a  cylindrical container. and allowing the clarified gas to 
be removed from the "eye" of the vortex. 

cyst form. The sugarbeet nematode. They arc observed in the field as females, 
which appear as small white cysts (lemon-shaped bodies) clinging tu the fine beet- 
root hair. Each cyst contains 100 to 600 eggs from which the wormlike larvae hatch 
and feed on the sugarbeet roots. 

daphnia. cool. A tiny crustacean, the "water flea." dophnia puler 
decrepitate. phys. To calcine (s.v.) so as to cause crackling or cracking. 
defecate. coll. To purge; specifically, to purify juices by adding massive doses 

defecozarbonntion.* Simultaneous liming and carbonation. 

dehydrated beets.* Beets that are at least partly desiccated. The term "wilted 
beets" should he phased out since. technically speaking, wilting is characteristic of 
leaves rather than roots. 

of calcium axidc or hydroxide. 

Ag. Delta energy or delta f. Free energy. 
deMturation* Alteration of the beet-cell protoplasm. usually through the ef- 

fect of temperature. with the result that the cell-wall permeability and the coagula- 
tion a f the  cell-protein matter are increased. The tern "plasmolysis" should not be 
used here. 

dendritic. min. Nonperfcct. fault-filled crystals, normally characterized by an 
open scattering of crystal branches. often as lace-like or fern-leaf-like crystalline 
branches, Most often found in thin films of mother liquor. 

&weeten.* v .  To reduce the sucrose content of a filter cake, resin bed, car- 
bon bed, etc. to a practical minimum by displacing the sucrose-bearing liquid phase 
with water. 

diatomaceour earth. A type of siliceous material naturally occurring, anti 
processed far use as filter aid. Made a f the  siliceous skeletons of marine unicellular 
or colonial algae. 

dielectric constant. phyx. The force, F, between two electric charges, e, 
separated by distance, r, F 5 ezlDr2. In a vacuum, D = I .  In arfy other medium, D 
= the dielectric constant. 

diffuser.* Apparatus for obtaining sugar-hearing juice from the cossettes by a 
combination of leaching and cell-membrane dialysis. 

di;fSurion.* The phase of the process in which sugar-bearing juice is obtained 
from the cossettes by a combination of leaching and cell-membrane dialysis. 
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diffusion loss.* Sucrose leaving the process in the pressed pulp, when the 
press water is being returned to the dilluser; otherwise, sucrose leaving the process 
in  the wet pulp. Usually expressed as percent c m  h e m  or percent on  sucrosc entered. 

dipitol  readout. inslr. An instrumental reading, in actual digits. 
dipole moment.  phys. The moment of a molecule due to physical distance 

direct polarization* Content of sucrose as estimated after simple clarifica- 

divinyl benzem. chem. DVR, or vinyl styrene. CnH+(CH=CHr)r, usually in 

draft.* loo - weiyht of raw juice prodwedheight of cossettes introduces into 

dress. coll. Of a filter, to install new filter cloth. 
dril l .  q r ,  To POW seeds. 
drink. u. coll. The addition or act of adding liquid to the vacuum pan in the 

drips. coll. Condensates from the steam chests or calandrias of heaters, 

drop. coll. To drop a strike. to discharge the contents of a vacuum pan. 
dropping the strike.' Discharging the batch of finished massecuite from the 

vacuum pan. 
dry bottom furnace. The lirebox of a pulverized coal-fired boiler in which 

gas velocities and flow patterns are such that all the ash from the coal is swept out of 
the boiler through the passes and into the flue-gas system. 

separating individual positive and negative centers. 

tion, if necessary, fullawed by measurement of the polarization. 

thc para form. 

the diffuser. 

process of boiling massecuite. 

\Iacuum pans, or  evaporators. 

dry substonce. The water-soluble, moisture-free matter present. 
dust box. A device to remove sugar dust from air. usually employing water 

dynamic sirnulotion. inrlr. A simulation in which one or more variables are 
manipulated simultaneously to study their effect on the system and the response of 
the system to a real time environment. 

einwurJ A "crystal within a crystal" or crystalline overgrowth of an earlier 
crystal produced when a low purity, fine grain is used as a seed for a subsequent 
higher purity boiling. Einwurf builing is often identifiable by the impurity occlu- 
sions within the small crystal (grown in a low purity strike or boiling) and which are 
very visibly evident within the subsequent growth of those same crystals used as the 
seed in a following higher purity bailing; Le., a dark, internal structure surrounded 
by a more clear structure. The use of a preformed seed for a subsequent boiling is 
the basis of many boiling systems. In this instance it is a lower purity seed for a 
final. higher purity boiling. 

e&ctrodiolyrir*phys chem. Ultrafiltration (q.v.) accelerated by the influence 
of an  electric potential. 

electrostatic precipitator.  A gas cleaning device using the principle of plac~ 
ing an electrical charye on a solid particle which is then attracted to an oppositely 
charged collector plate. The device uses a d-c potential approaching 40,000 volts to 
ionize and collect the particulate matter. l h e  collector plates are intermittently rap- 
ped to discharge the collected dust into a hoppcr below. 

elimination' The fraction of the nansucrose that is separated Sram the main- 

5pr3.js: I d x :  co!!cctnr. 

i 
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product stream in a given phase of the process; thus "diffuuscr elimination." "car- 
bonation elimination." Percent elimination = elimination x 100. 

enthalpy.' p h p .  chem. The  sum of the internal and external energies of a 
fluid system. 

entropy.* ph.w rhem. A measure of the unavailable energy in a thermo- 
dynamic system. 

epoxy. chem. A prefix indicating the presence of an -0- bridge in a mulecule. 
Also indicates a type of adhesive or protective coating. 

epuration* coll .  An older term for purification. 
equivalent. chem. Having the same combining or reactive value. 
euaporatar body.' A single evaporator YCSSCI. 
evaporator effect.* An evaporator body or group of hodica working as one  of 

the series-connected units in a multipleeffect evaporator. 
euaporator station.* The aggregate of the various ev;ipomtor bodicr and 

their auxiliary equipment. 
exothermic. Exothermal, giving off heat. 
extraction* The net sucrose producedlsucmse entered. Percent exfraction = 

facultative pond. coll. A combination aerobic-anaerobic pond dividcd by 
loading and thermal stratification into aerobic surface. and anaerobic bottom strata. 

foLm p a i n *  Undesirahly small crystals found among the crystal p<>pulatinn 
of a massecuite-the result of unwanted spontaneous nucleation during the rugar- 
boiling operation. 

fanged beets.* Beets with multiple tap roots. A more descriptive tern) than 
"sprangled beets." 

fa t ty  acids. chem. Monobasic acids containing only the elements carbon. 
hydrogcn. and oxygen, and consisting of an alkyl radical attached 10 the carhonyl 
group. 

feedback instrument. inrfr An automatic controller which takes a measure- 
ment signal from an output o f a  process. compares i t  with the set point. and feeds i t  
back into a process input through a final element such as a control valve. Thus, an 
automatic controller is commonly referred to as a feedback or closed-loop instru- 
ment. 

Fehling's solut ion chem. A reagent used in a test for sugars: comprising a 
mixture of cupric sulfate and alkaline tartrate solutions. 

jillmass. (from German fdlmasse) See massecuite. 

f i l t er  a i d  A material which is either precmted 011 a f i lm  membrane, o r  slur- 
red i n  the liquid to he filtered, which, because of its porous nature, permits more 
solids to  be filtered out before the filter cake becomes impermeable. o r  improves the 
clarity of the filtered liquid. Examples: diatomaceuus earth, perlite, asbestos. 

I 100 x extraction. 

f i l t er  cake. Solid material deposited on the filter septum during filtration. 
f i l t er  medium. A layer of cloth, wire, paper. etc.. providing actual initial 

f i l trate .  chcm. Liquid after passing through a filter. 
j i l t r a t i o n  Removal of solid particles from liquid or particles from an air or 

! 

filter surface, used interchangeably with "filter septum." 

gas stream by passing the liquid or gas stream through a permeable membrane. 
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first-carbonation clarifiier.* Apparatus for the separatian by sedimentation 
of the suspended matter from the first-carbonation slurry. Preferable to the term 
"thickcner" in this instance because the primary objective here is to clarify the 
purilied juice. 

jirst-carbonation slurry.* The product uf the first carbonation, consisting of 
precipitated nonsucro~e and CaCOl suspended in purified juice. 

first net weight.. The weight of beets in a delivery after removal of  the 
screcned dirt or screenings. 

fixed-bed. chern. Referring specifically to adsorbents or ion-exchangers, using 
a nonmoviny bed in a column of the active material. 

flame photometer. chern. A photometer which measures the presencc o f a n  
ion of substance by the color of a flame in which the substance is injected. 

flash. coll. Of a liquid, to lower the pressure so that the liquid vapurizes to  

dispose of its excess heat. 
jlight. A projecting baffle in a piece of equipnrent. 

Flora bot. Referring to plants or plant life. 
fluidic. insfr. A general array of devices or systems for controlling liquid or 

gas flow to perform sensing. logic amplification, computation, or other control 
functions. 

flume.* u. To transport beets by mrans uf a beet flume. 
flume eflucnt.* The water withdrawn or discarded from the beet-flume 

nyntem to maintain water levels or to control the solids content of the flume water. 

flume maheup.* The water supplied to the beet-flume system to replace the 
flume eflluent. 

flume water.* The water used to transport beets in a beet flume. 
flux. v .  To fuse; n. A material which assists fusion. 
foetixg. cs!!. !n p m  boiling, a qu--*:- ,f - high-purity massciilitc or syriip 

which is used to furnish crystal surface for crystallization from lower purity liquors. 
foot value. coll. The valve which discharges the mawecuite from a vacuum 

pa". 
fraiser. A file used in sharpening the edge of the splitters in a beet knife. 

There are two types, right- and left-hand. 
frozen beets.' Beets in which at least a portion of the d u l a r  juice has been 

frozen. 
Gamma rays. phyr. One of the several kinds of electromagnetic emissions 

given off by radioactive decay of substances such as cesium 137. These rays are ab- 
sorbed in varying amounts by materials such as lead, steel. liquids. and even organic 
substances such as sugar massecuites. Measurement of the degree of absorption in a 
fixed-dimension path through an intervening massecuite is a measure of the concen. 
tration of the mother liquor and crystals. Gamma ray instrumentation also is ap. 
plied to level measurement in sealed vessels, limestone level in kilns, milk of lime 
slurry density, etc. 

gas washer. Apparatus used to remove entrained solids and tarry substances 
from carbon dioxide gas from a lime kiln. 

Gibbs'functian A mathematical definition of the energy requirements in the 
formulation o fa  solid particle (nucleus) from the liquid phase. Free energy of forma- 
tion, as related to crystal size. further defines the crystal nucleus size beyond which 
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a stable crystal lattice will continue to grow. 
gra in*  n. The agregate of the crystals in a massecuite; v .  to introduce or in- 

itiate a crop of crystal nuclei in a graining charge. 
graining charge.* In batch sugar boiling, the batch or charge of syrup drawn 

into the vacuum pan at the beginning of the hatch cycle. 
granulated sugar.* Crystalline sugar of market quality. May be characterized 

by such modifiers as,fine,  ex f ro f ine ,  manuJaclurers. bakerr. relating to the average 
crystal size and size distribution. 

green sugar. coll. Sugar which has not been properly purged in the cen. 
trifugals. 

green syrup.* The filtrate leaving a centrifugal before initiation of the wash. 
consisting of mother liquor and whatever fine crystals pass the screen. 

p i s t .  Imprnperly used to describe the overall distribution of particle sizes in a 
granular matcrial. 

grizzly. coll .  A grating with elongated parallel SIDIS or openings, used in 
separating water and trash from beets. 

growing thegrain.* The phase of batch sugar boiling Ibllowing graining, in 
which the crystals are grown to the desired size and the volume of the massecuite in. 
creased by simultaneously adding syrup and evaporating water. 

guide bars.* Removable steel bars attached to a knife block just ahead of the 
cutting edges of the beet knives. 

hammering. c d l .  Pounding on equipment to dislodge adhering materials or 
material buildup obstructing free flow. 

hardness. chem. The content of dissolved substances which prevent the lather- 
ing of SWAP: i.e., calcium and magnesium salts. 

hardpan agr. A cement-like layer under the surface of soil. 

highgreen syrup, high wash water, high machinesyrup.* The respective l i -  
quid products of the centrifugals in the white boiling (while cenfriiugols). 

high melter.* A melter for redissolving sugar produced by the intermediae 
boiling (inlermediale sugar). Also used for redissolving sugar products which re. 
quire re-refining. 

homogeneous. phyr. chem. Describes a reaction taking place in a single 
phase, such as liquid or gaseous. coll. Completely mixed so that none of the com- 
ponents are physically identifiable. 

hotfiltrate.* Liquid emuent from the filters, if any, that separate the hot sac. 
charate per se. 

Howard feeder. A liquid feeder. involving a wheel with constant-capacity 
buckets or cups on its periphery, which dip into the liquid to be flaw-controlled, and 
which discharge into an outlet. Flow variation is provided by change ofthe speed of 
miation, and exact metering is obtained. 

humectoncy. chem. Degree of sensory moistness. 
humus. q r .  Partially decomposed vegetable matter. 
hydrate. chem. A compound formed by union with water. 
hydrocyclone. A device in which solids are separated from a liquid by cen- 

trifugal force. The  liquid rotates within the conical equipment, which has no mav. 
ing parts. 
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hydrolysir. chem. A chemical change involving addition of the elements of 
water. 

hydrometer. ph.w An instrument by which the specific gravity or density o f a  
liquid may be determined through the depth of immersion of its stem, when i t  floats 
in the liquid. 

hydrophilic. chem. Water loving. 
hygroscopicity. chem. T h e  ability Io readily absorb and retain moirfure. 
hypertonic. p h p .  chem. Having greater osmotic pressure than isotonic ( q v . ) .  
ideal solution. phys.chem. A solution which thermodynamically shows no 

change in internal energy on mixing. has no attractive forces between components. 
and follows Raoult’s law (an expression of changes in partial pressure of the s o b  
tion due to dissolved solids) over all ranges of temperature and concentration. There 
idral cmiditiuns are more often found in very dilute solutions. 

inorganic. chem. A compound or substance 0 1  mineral origin: not organic 

integrated circuit. inzfr. A complete electronic circuit which has heen 
fabricated as an inseparable assembly of circuit elements in a single small structure. 

interlock instr. Mechanical or electrical devices for the purpose of preventing 
independent operation of intevconnected equipment, and to assure proper sequenc- 
ing of equipment and machinery controls. 

intermediate boiling.’ The middle~purity stage of the crystallization- 
separation process. It uses as feed the separated mother liquor from the white boil- 
ing. sometimes mixed with thick juice. Its non-marketable crystalline product is 
redissolved for recrystallization in the white hoiling. In a four-boiling scheme thcre 
would be two intermediate boilings, designated asfirsf intermediare and second in- 
fermediate. 

intermediate green syrup, et=.* The respective liquid products a l  the cen- 
trihga!~ in the intmwxliate boiling ~vtermedirrle cenlriJI!pls). 

innertare. chem. An enzyme which catalyzes the splitting of sucrose into 
glucose and liuctose. 

invert sugar.* A mixture of glucose and fructose, formed in equal quantities 
by the hydrolysis of sucrose. 

invert.sugar content.* Content of an equal-part mixture of glucose and fruc- 
tose. If it is established that invert sugar is the only reducing substance significantly 
present, then the results of an analysis for reducing substance may be reported as 
“ W  invert sugar”: however. the term “reducing substance as W invert sugar” 
should he used in the case of unknown mixtures. 

ion. cbem. An electrically charged atom or q o u p  of atoms, in solution. Thus 
cnmmon salt. NaCI. dissociates in solution into the cation Na’ and the anion Cl-, 

i s o w .  chem. A substance containing the same weight percentage of 
elements, but differing in properties. due to different arrangement of the elements in 
the molecule. 

(q.v.). 

isotonic. Havinx equal osmotic pressure. 
juice. coli. Almost any sugavcontaining liquid in the main line of the beet- 

sugar manufacturing process, up to the melter station. 
Kclcluin equation. One of the four hasic equations of surface chemistry. It 

relates the effect of mechanical pressure (surface tension of the liquid) to the vapor 
pressure of the liquid and to the radius of the liquid drop being formed. This rela. 
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under vacuum. 

up from the bed by high flow rates. 

feed. 

h i t o t i o n  Of a bed of adsorbing material, fluidizing or carrying the particles 

lime cake.* Filter cake from the filters that desweeten the carbonation-filter 
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lirter. q r .  A lister drill. A machine in which a plow is combined with a drill 

logic. insfr. The process of decision making, equipment which makes logical 

low melter.' T h e  melter for redissolving sugar produced by the raw boiling 

low wash q'up.* The wash syrup from the centrifugals in the raw.hailing 

machine ?'up.* The total liquid product of a centrifugal when the green and 

MA. Mean aperture. The average dimension of a screen opening, through 

macroscopic. Observable to the naked eye, as opposed to microscopic. 
magma' A mixture of crystals and syrup. 
main liming.* The treatment of the juice with relatively large amounts of 

lime, e.g., 1% CaO UT more, to  precipitate certain non~ucroses and to promote the 
decomposition reactions between lime and certain nonsucroses. 

which sows seed as the furrow is opened. 

decisions, or the intelligence (programming) of decision~making equipment. 

(ram sugq). 

stage (raw centrllugals). 

wash syrups are allowed to commingle, 

which granulated sugar will just pass. Used to characterize g a i n  size. 

main waste.* T h e  principal liquid-waste emuent from the factory. 
marc.* The watevinsoluble constituent of the sugarbeet root. 
massccuite. Magma produced by crystallization-a suspension of crystals in 

their mother liquor. 
mass tranrfer. phyr. chem. The law of physical chemistry which states that 

the product of the concentrations (or activities) of the substances produced at 
equilihrium in a chemical reaction, divided by the product of the concentrations of 
the reacting substances, each concentration raised to that power which is the caefl- 
cient of the substance in the chemical equation, is a constant, at  a given 
temperature. 

maturation T h e  process of coming to full development. 
McCabe's AL law. The generalization of the AL law is that the total growth 

of all crystals in a magna,  over the same time interval and as measured hy the 
length, I., of similar axes, is the same for all of the crystals in the magma. This law 
assumes: ( I )  the crystals have similar geometric shapes and remain invariant during 
growth and (2) the supersaturation is the same for all the crystals in all locations in 
the magma. 

melanoidin. chem. Coloring material formed by complex reactions of reduc. 
ing sugars with amino compounds, especially with amino acids and peptides. 

mehsigenic .  coll. Tends to increase amount of molasses produced. 
melt. coil. In the sugar industry, 10 dissolve. 
melter.' The apparatus lor dissolving crystalline sugar in juice. syrup, or 

mesophyll cells. bol. The green parenchyma (q.v.) between the epidermal 

metabolite. biol. Any product of plant metabolism. 
metartable zone.* The region of supersaturation in which crystals already 

micellc. A molecular structure built up from complex molecules in colloids 

water. 

layers of a foliage leaf. 

present will grow, but new-crystal formation (nucleation) will not readily occur. 

(S.V.). 



GLOSSARY 773 

milL T o  mechanically crush, or pulverize. 
milkd  seed* Finely ground sugar crystals used for seeding, usually produced 

by wet grinding in isopropanol. 
Miller indices. A precise method for identifying each of the faces of a crystal. 

Simple multiples of unit cell distances measured along the three basic 
crystallographic axes provide three axial intercepts, which, in turn, define the 
orientation of the plane corresponding to a crystal face. 

mingier.' Apparatus for receiving the massecuite discharged from a 
crystallizer, adjusting or controlling its temperature, and distributing it among a set 
of centrifugals-usually a trough or tube equipped with a rotating coil of pipe 
through which water at a controlled temperature is circulated. Slevens coil. 

mitochondriaL bol. Associated with the mitochondria. The cellular 
organelle where respiration occurs. 

mixer.' A surge vessel for receiving massecuite batchwise from a vacuum pan 
and discharying it more or less continuously to a centrifugal station or continuom 
crystallizer. 

modulating-type valve. Any control valve with a continuously variable 
orifice area in its body, the orifice area being a proportional function of the valve- 
operator input signal. 

molality. chcm. An expression far solution concentration in which the 
amount of solute is stated in terms of moles and the amount of solvent per kilogram 
of solvent. The unit of molality is mole of solute. (Do not confuse with molarity 
which is mole W). 

mohJss.* The green or machine syrup from the raw centrifugals-the sugar- 
bearing product of the sugar end whose purity has been reduced to the point that 
further crystallization of sugar is uneconomical. 

molasses, discard coll. Molasses which will not he sent to a process to extract 
mare sucrose. but is available for sale, or for addition to cattle feeds. 

mole. chem. The molecular weight of a substance, expressed in grams. 
monitor.' In handling beets, a swiveling hydraulic nozzle used to flush the 

monoclinic. phyr. A crystal having one oblique intersection of its axes. 

montejus. coll. 

mother liquor. T h e  solution from which crystals are farmed. 
mucoid. Mucous-like. 
m u d  coll. First or second carbonation precipitates. 
mud pond' A basin for the storage and dexatcring (usually by evaporation 

and percolation) of the slurry of solids separated by a flume-ellluent or main-waste 
clarifier. 

multipkcffect maporator.' A series of evaporator effects, operating at  SUC- 

cessively reduced vapor pressure, and so connected that the first effect is heated by 
steam, the second by vapor generated by the first effect, and so on. 

stored beets into the flumes of a beet slab. 

A juice-pumping device without moving parts except for 
valves, which operates by steam or air pressure. 

mycelia micr. A mass of interwoven, thread-like filaments. 
neutrality. chem. The condition of a water solution when it is neither acidic 

nonraccharide. See nonsugar. 
nor basic; Le., at pH 7. 
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nomucroie.* Any water-soluble matter present which is nnt sucrosc 

nonrugar, nomaccharide.* chem. Any water-soluble matter present which is 

nucka1iOn. phys. chem. T o  form small nuclei, such as seed crpals .  
nucleotide. chem. Sugar-phosphate esters of the nuclcosidc bases, adenosine. 

old settlers. col l .  I n  pan boiling, crystals remaining from a h m c r  strike. 

organic. chem. A compound containing carbon. 
osmose process. An obsolete process used in separating sugar fmm molasses 

by means of dialysis through parchment membranes. 
ouerfire air. A system used in stoker-fired coal boilers consisting o f  a scrim of 

air jets blowing a high velocity stream of air into thr furnace ahove the grate. The 
purpose is to achieve complete combustion by creating turbulence. therehy ohtain- 
ing a mnre intimate mixture of combustion air with the unburned volatile corn- 
bustibles evaporated from the coal by the heat. 

oxa~ogenic. chsm. Substances forming oxalate an  decomposition or reaction. 
oxidize. chem. T o  he reacted with oxygen, or the equivalent. 
parenchymo. bot. Plant tissues composed of living cells, which make up the 

pCa+? chem. The negative logarithm of the reciprocal of the calcium ion can- 

pelleted seed' Beet seed brought to uniform size hy coating. 
peptize. php. chem. T o  bring into colloidal solution. 
percent clean beets. 100 minus percent tare. 
percent cystallization* The weight of crystalline sucrnse formed in a 

m.mecnj:c axp:css;d i s  a pc:cer.tag; of:hc :=:a1 wcight of wcnxz,  both iiyw4iLcJ 
and dissolved, in the massecuite. 

percent tare.* The unwanted matter in the first-net or screened beets; i.e., 
leaves. crown portions. earth. and other foreign matter, expressed as a percentage of 
the first-net or screened weight. 

perfectly runrhed cake. coll. A theoretical material which cannot he practical- 
ly ohtained. A Steffen saccharate cake, which, when further washed. will not in- 
crease in purity. 

perfect.wmh purity.' The purity of the syrup that remains after ileliining a 
sample of saccharate cake that has been given an extra washing in thc laboratory. 
Purpose of making this determination is to evaluate the effectiveness d t h e  washing 
on the factory filters. 

not a saccharide. The more precise term nomaccharide is preferahle. 

uridine. etc. 

which grow to very large size. 

bulk of the tissues. 

centration. 

petiole.* A beet-leaf svalk. 
picking table.* A roller table or broad belt conveyor designed to spread out 

plPrmalemma The membrane surrounding the cytoplasm of cells. 
polnrizotion.* The amount of rotation given by a substance to the plane of 

plane-polarized light under standard conditions (ICUMSA). expressed as equivalent 
percent sucrosc. 

powrlered sugar.' Finely divided sugar produced by pulverizing granulated 
sugar. usually containing an anti-caking additive. 

the flow of hems for the manual removal of foreign objects. 



power incorporation ogr, The use of an implement driven by the power 
take-off on a farm tractor to incorporate into the soil an approved chemical 
weedicide or insecticide, or a combination of both chemicals, to protect the 
sugarbeet crop. 

precool. A layer afsalid particles, calcium carbonate. filter aid. etc.. deposited 
on a filter septum to establish initial clarity of the filtrate. 

preodefeco. coll. A prefix meaning "in advance of mainliming." 
preexponential. The Arrhenius expression for crystallization rates cunsists of 

the product of two terms: 

k = A .  .-E/RT 

The term A is a proportionality factor. somctimes identified as a frequency factor. 
and by others it is called the preexponential factor, presumably because it precedes 
the second or exponential term. A can be temperature and supersaturation  depend^ 

pdiming.* Treatment of the raw juice with relatively small amounts of lime. 
e.g., 0.2.-0.3% CaO, over a period of about 20 minutes, to precipitate protein- 
aceous matter in a relatively stable fnrm,  such that its repeptization is minimal in 
subsequent main liming and carbonation. or defecwcarbonation. 

ent. 

pressed juice.' The cellular juice obtained from beets by pressing. 
pressed pulp.* The pulp leaving the pulp presses. 
press watcv.* The liquid effluent from the pulp presses. 
prime mouer. An engine or machine which receives and modifies force and 

probability paper. moth. A graph paper. so printed that if the standard 
motion as supplied by some material source, thereby driving machinery. 

distribution curve (Maxwell-Boltzmann) is plotted, a straight line is obtained. 

processed seed* Beet seed ai uniform size. prepared by mechanical treatment 

protophm. bot. The essential substance of both the budy and nucleus of 

puddle. T o  make fluid. 
pulp.* Cossettes that have k e n  exhausted by diffusion. 
pulpefongcr. (German, pulp collector.) A dewatering screen. usually with 

mechanical wipers or carriers, over which beet pulp passes, usually from a diffuser 
to pulp press or wet silo. 

and screening. Usually also treated with a fungicide. 

vegetable cells. Viscous, translucent material holding fine granules in suspension. 

purge.* To remove the (bulk of the) syrup from the crystals of a magma. 
purity.* 100 x sucroseldry substance. 
racemic mixture. chem. An optically inactive mixture of dissolved substances 

made of dextro- and laevo-rotatory forms. 
radical initiation. phys. chem. One way in which chain polymerization may 

be started. I t  requires the generation of a reactive species known as a free radical. 
These are uncharged molecular fragments having an unpaired eleclron. These 
radicals, generated from a variety of compounds. and by a number ofdifferent reac- 
tions, start ("initiate") lhe polymerization chain depicted by reacting with a neutral 
monomer molecule thereby forming a new radical which, in turn. repeats h e  pro- 
cess. 
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radioactive isotope. phyr. A form of an element which emits particles or rays 
from the disintegration of the nuclei of its atoms. 

Roman spectrocopy. chem. When light o f a  @"en frequency. "(I, is scattered 
by the molecules of a solid, liquid or gaseous substance, certain lines ofthe frequen~ 
cy, Y, of the scattered light are changed, as VI. The method is useful in 
determining molecular structure. 

ratio relay. inslr An indicating or nonindicating imtrument designed to 
multiply a signal input by a factor. and to bias the resulting output. 

raw boiling.* The final. lowest.purity stage of crystallizatian-separation. It 
uses as feed the mother liquor separated from the last intermediate boiling and 
yields a non-marketable crystalline product that is redissolved for recrystallization 
in the whitc or intermediate boiling. 

rawjuice.* The sugapbearing juice obtained front the beets in the diffuser. 
The term "diffusion juice" is not sufficiently morc dcscriptive to offset its greater 
length. 

raw sugnr.' 1 .  A partially refined sugar: 2. In a beet~sugar factory, the 
crystalline product of the raw boiling (q.u.). 

rdr.* The percent dry Substance by refractometry, using an instrument or 
table calibrated in terms of percent ~ucrose  by weight in water solution. 

receiving station.* The station at which the growers' beets are weighed, 
unloaded. usually dry cleaned. and sampled. 

Y = vo 

reduce. chrm. To droxidize, or the equivalent. 
reducing substance.' In the sugar industry usually refers to matter, chiefly 

reducing saccharides. which is able to reduce alkaline-copper reagents such as Feh- 
ling's solution. 

reed switch. instr. A switch containing small recd-like arms which form the 
curriacia. Tire c~n iac i s  are sealed in glass in an inert atmostphere. The reed contacts 
are actuated either by magnets or by energizing a coil surrounding the glass which 
sets up a magnetic field. 

refractometer. phys. An instrument for measuring refractive indices. Because 
the refractive index of a solution is a measure of the total solids in solution, the in- 
strument is useful in the sugar laboatory for giving an approximate measure of 
total dry substance. 

I 

relaxation methodr. phys. chcm. The equilibrium of a chemical reaction is 
rapidly upset by changing some important condition, such as temperature or 
pressure. The change in the concentrations of feactants or products is monitored 
while the reaction reequilibrates (relaxes). 

remelt.' u. To redissolve crystallized sugar for the purpose of recrystallizing 
it: adj characterizes collectively the intermediate and raw boilings. their equipment, 
and their products; e.g.. rernell boilings, remelt centri/usolr. remelt sugar. 

remelt symp.' The syrup made by redissolving crystallized sugar-the prod- 
uct of a melter. I 

ribbon p a n  A vacuum pan with a spiral ribbon-form or plate-type heating 
element. 

rock catcher.* Apparatus that removes stones and other dense matter from 
the beet flume, usually by differential flotation. 
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rocker bars.' Guide hars whose angle with respect to the knife block is ad- 
justahle. 

rock wheel.' A bucket wheel that elevates the stones and other matter 
separated by the rock catcher. 

roller table. coll. A conveyor made of rollers used for dewatering, and clean- 
ing beets of leaves and trash. It usually fallows the beet washer. 

rotation. phys. Refers to the optical activity possessed by certain substances. 
of rotating the plane of polarized light. as in a polariscope. Used analytically to 
determine the concentration of sugars in solution. 

rotifer. zool. A minute, many-celled aquatic animal having the anterior end 
modified into a retractile disc bearing circles of strong cilia, which, in rotation, look 
like rapidly revolving wheels. 

saccharate.' A precipitate formed in the Steffen process, consisting of lime- 
sucrose. lime, and some nansucrose from the molasses; characterized as cold sac- 
chorale or hot saccharate depending upon the stage of the Steffen process in which it 
originates. 

raccharate cake.* Filter cake from the washing filters in the Steffen process. 
consisting of saccharate, same adhering filtrate. and moisture. 

saccharate milk. A slurry of saccharate cake in sweetwater (s.v.), used for 
preliming, main liming, or defeco-carbonation in Steffm factories. 

saccharate purity.* The purity of the syrup that remains after the saccharate 
cake is delimed. 

saccharate thickener.' Apparatus for separating the hot saccharate from the 
bulk of its mother liquor by sedimentation. Preferable to "clarifier" in this instance 
because the solid matter is the moscdesired product. 

saccharimeter. phys. A polariscope, with a scale reading percentage of 
suc~ose. Sometimes applied to any instrument for measuring the amount of sucrose 
in solution, as a hydrometer, or refractometer. 

salt-out. Decreased solubility o f a  liquid system due to the addition of another 
solute (or solvent), which, in turn, causes precipitation, coagulation. or crystalliza- 
tion uf solute from the solution. 

sand catcher. Apparatus which separates sand and earth from a liquid stream. 
such as raw juice, press water, or flume water. 

saponih. To hydrolyze, or react with water. Specifically, to react a fatty acid 
with an alkali to form a soap. 

saturated chem. In organic chemistry. compounds containing no carbon 
atoms with double or triple bonds. 

satut.Otion coll. The treatment of sugar liquors with gases, either carbon 
dioxide or sulfur dioxide. First and second saturation describes first and second car- 
bonation. Third saturation describes sulfitation. Inaccurate, because the juices are 
not saturated with the gases. 

scalder.* The apparatus in which scalding is achieved. 
scalding.* Preheating of the cmsettes before diffusion by mixing them with 

screened dirt, sneeningr.*The earth, tops, weeds and other matter separated 

screened weight. See first net weight. 

hot raw juice. 

from the beets by the beet screen. 



scroll. A screw-type material conveyor. Normally a long screw operating in a 

seal tank. coll. The seal on the bottom of a barometric leg pipe. 
sedimentation. phys. chem. The falling of solid particles in a liquid, as a sedi- 

ment. 
seeding.' Supplying crystal nuclei to the graining chage. after the latter has 

been concentrated to the metastable zone (9.v.) of supersaturation, in numbers 
equal to the desired crystal population of the finished massecuite. 

reed slurry.* A liquid suspension of finely divided sugar used for 
seeding-usually milled seed in its isopropanol suspension. 

selector, high or low. instr. A device used to set either or  both maximum and 
minimum limits of instrument signal. and between the limit> the signal is transmit- 
ted without change. 

closely-fitting enclosure. 

sequence memory bank. instr. A shift register made up of electric relays 
which follows a process through its various steps. In a tare laboratory, it may con-  
sist of a panel of indicator lights, which visually shows the presence of a sample in 
any of the steps. 

semo-control. inrtr. An automatically controlled system in which the control 
variable is a mechanical position. 

settling barin.* A basin or pond for the elimination by sedimentation, and 
also the storage of suspended solids from flume elluent or main waste. 

shroud. coll. The hydraulic surface of the fluid pumping system that rricl~rses 
the tips of the blades or vanes of the axial-flow impeller; i.e., a pan circulator im- 
peller and its surrounding center-well surfaces. The space or clearance between the 
impeller and the shroud is normally quite small. As this clearance is enlarged, the 
leakage around the impeller tips increases and thereby reduces the head, capacity. 
hydraulic efliciency and horsepower requirement. 

side bars.* Removable wear bars attached to the curved sides of certain types 
of knife blocks. 

sigmoid. math. Curved in two directions, like the letter S. 
silica. chem. Silicon dioxide. 
silo. A pit. vat. or circular structure of wood, concrete, etc., for packing away 

fodder to convert i t  into silage by fermentation. Frequently applied colloquially to  
storage bins for granulated sugar. 

rkimmer blow. coll. Boiler water blowdown from the upper boiler drums at 
approximately the water level. 

slicer.' Apparatus which cuts the beets into slender strips. 
sludge. coil. The settled mud from the clarifier, before filtration and washing. 

Also, in the Stefken process, the vacuum-filter tray bottoms returned to the process 
as wet lime for preliming the diluted molasses. Generally. almost any flocculated, 
settled mass. 

smear.* v .  To produce false grain in a massecuitc to the extent that it becomes 
diflicult tn purge; n. The mixed-grain condition resulting from smearing. 

soft sugar.' A term preferred by the cane-sugar industry to brown sugar. 
solubili ty product. phys. chern. The product of the concentrations (or ac- 

tivities) of the ionized parts of a substance in solution. A constant, at constant 
temperature. 
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solute. chem. A dissolved substance. 
solvent. chern. A liquid capable of dissolving substances. 
spin.* u. T o  treat a magma in a centrifugal. 
spindle, coll. A hydrometer. Also, the connecting shaft between the cen- 

sprnngled. ogr, coll. Having many roots. 
spreader rtoker. A stoker system which thmws the coal into the firehox by 

means of a rotary impeller or spreader. 
squirrel-cage motor. An a-c machine of the induction type, consisting essen- 

tially ofthe stator and rotor. The rotor assembly resembles a squirrel cage treadmill, 
and has no  electrical connections to a power source. 

standard liquor.* The principal feed for the white brding ( q v . ) .  I n  a conven- 
tional three-boiling scheme it consists of thick juicc plus remelt syrup. I n  a conven- 
tional fbur-hoiling scheme it consists of remelt syrup conraining only water as the 
solvent. 

stntic control. insfr. A system controlling machines or  proccsses electrically, 
with no moving parts. 

stendy-state simulation instr. A simulation performed with constant inputs 
representing the system under static or steadystate conditions. 

Steffeen factory.* A factory that incorporates a version of the Steffen process. 

Steff.njiltrate.* The liquid emuent from the Steffen process. crmsisting of 
the dccantate (overJ7om) from the saccharate thickener plus the hot filtrate, if any. I f  
the hot.saccharate stage is not used, the cold filtrate becomes the Steffen filtrate. 

Steffen house.* The section of the factory that encompasses the SteNm pro- 
cess. 

Stejjin loss.* The sucrose leaving the process in the SteNm filtrate: usually 
expressed as a percentage of the sucro~e  in the molasses worked. of the weight of 
beets sliced, or of the total sucrose entering the factory. 

Steffen process.* A process for the extraction of sucrose frum molasses by 
combination with CaO and Ca (0H)z. This term should he retained as a mcmorial 
to the inventors, Steffen p e w  etJil5, in preference to [he terms "saccharate process" 
and "calcium saccharate process." "Steffens" and "Steffefens process" are incorrect. 

stereoisomerism. phys. The condition of having isomers. depending on the ar- 
rangement of the elements in space. 

stoichiometric. chem. Pertaining to the combining weights of the elements, 
and t o  thc relations between the properties of sohstanrcs iind their compmitions. 
Frequently applied to chemical computations in general. 

strike.' Batch of finished massecuite from a hatch sugar-boiling proccrs. 
string pmo$ coll. In pan boiling, a condition of  the mother liquor. determin- 

ed hy placing a quantity between the thumb and lirsl fingcr. and pulling the lingers 
apart rapidly. A thread will form if the desired consistency has bcen reached. 

rtripping. chem. The freeing of an adsorbing material of adsortxed materials 
by eluting o r  washing. 

strokc. coll, Of a control valve, applying minimum and maximum input 
signals 30 that the operator stem experiences full travel. Prior to physical start-up 
th is  is normally done to a ~ ~ u r c  that the stem travel assembly is not damaged. 

trifugal drive. or pulley and basket. 

Conversely. non-SfeJeen factory. 
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styrene. chem. An unsaturated hydrocarbon, CsH&H:CH?. 
sucrose sugar. Liquid sugar containing essentially liquid sucrose.* only 

dissolved sucrose. 
sugar.* I .  A product of the sugar industry which essentially consists of, o r  is 

derived from, sucrosc. 2. (esp. when accompanied by an article) any of the sac- 
charides. When referring specifically to sucrose, it is better to use the word sucrose.. 

sugar boiling' The transformation of syrup into a mixture of crystals and 
mother liquur (see morrecuite), by simultaneous evaporation and crystallization. 

sugar drier.' Apparatus for drying the damp-sugar product of the white cen. 
trifugals. 

sugar end.* The section of the factory that includes the processes for 
separating the final sugar product from the purified juice by crystallization and 
recrysvallization. Many include the evaporator station(s), especially in factories 
which make extensive use of vapors for heating the vacuum pans. 

sugar factory.* A processing facility which extracts and refines sugar from 
sugarbeets or sugar cane. 

sugar mill.* A processing facility which extracts sugar from sugarbeets vr 
sugarcane 10 produce raw sugar or partially refined syrup. 

sugar .=finmy.* A prucrssing hcility which produces refined sugar from raw 
sugar or syrup. 

sulfiiation* The addition of SO2 to the juice. 
sulfonation. chem. Introduction of the sulfonic acid group, HSOI-. intn a 

rupematani. chem. Floating on the surface. 

supersaturation* The quotient of the sucroselwater ratio in the given soh.  
tion divided by the sucroselwater ratio of a solution that is saturated with sucruse 

surface tension. phys. chern. A force in a liquid, acting in a direction parallel 
to the boundary surface, which tends to reduce that surface to a minimum. A liquid 
with low surface tension will form stable foams. 

compound. A common sulfonating agent is concentrated sulfuric acid. 

under +:en cond:.: ".OEE. 

swaged. Shaped by hammering to fit a form. 
sweeten. coll .  Introducing a sugar-containing liquid 10 a substance, replacing 

the liquid phase previously present, if any. 
meetwater.* The liquid effluent from the filters that desweeten the 

carbonation-filter feed, consisting of the displaced juice and some of the wash water. 
symmetrical component of fault. instr. That portion of total fault current 

flowing at any one time that is symmetrical ahout the zero axis; i.e., without d-c 
component or ofiset. 

symp.* The general term for sugar solutions of relatively high concentration. 
tail. The lower, slender part of the beet root. 
tailings separator. An apparatus that recovers beet tails and pieces from the 

separated beet tops, weeds, and other unwanted matter; usually utilizes the differen- 
tial flotation ur bouncing property ofthe beet-root matter. 

tare. Material which must be discarded. ADO, the empty weight of a container 
used for weighing or transporting material. 

tare Inboratory." The station at which the beet samples taken a1 the receiving 
slation are analyzed. The analytical results of the tare laboratory are used in deter- 
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mining the payments for the delivered beets. 
thermodynamics. chern. The relationship of equivalence of heat, work, and 

other forms of energy ;re more particularly of energy equilibrium in chemical reac~ 
tions and in changes of state (crystallization). 

thermolabile. Unstable tu heat. 
thermophilic. Heat-loving organisms. 
thermostable. Stable to heat. 
thick juice.* Concentrated purified juice-the sugar~hearing product of the 

thin juice.* The purified juice before evaporation. 
third pvesses. coll. Filter presses used to filter thin juice following sulfitation. 
third saturalion. coll. Refers to sulfitatian of the thin juice, although this is 

by no means carried out t a  the point of saturation. 
tightening the strike.* The final phase of batch sugar hailing in which the 

syrup feed is stopped and evaporation continued to further exhaust the mother l i q~  
uor of swrme and to adjust the massecuite to the desired final density. 

tops.* The beet leaves and petioles, which may or may not be accompanied by 
crowns or pieces of crown. 

total solids.* The moisture~free matter present. 
total.sugars content.* Content of saccharides as defined by the method(s) of 

analysis used and the hasis for reporting; cg.. "total sugars by acid hydrolysis and 
Lane~Eynon titration, as % invert." 

tramp air.* coll. The air that enters a hailer in such a way that it does not 
participate in the combustion process, thereby lowering efficiency. 

trash catcher.* Apparatus that removes beet tops and weeds from the beet 
flume; usually a mechanism of traveling, self-cleaning rakes or combs. 

trash rolls. Specially designed roller table, often similar to a beet screen, far 
separating beets from flume water and simulmneously separating beet tops and 
weeds from the beets. 

juice evaporator system. 

I 

trash screen." Apparatus that removes the coarser suspended solids (mostly 
vegetable matter) from the flume water or flume emuent; often a vibrating screen. 

twin.* A pair of mutually intergrown crystals. 
true puri ty .  CON The percentage proportion of true sucrose to total dry 

substance. Usually sucrose is determined by an inversion method, and total dry 

twin. phys. A compound crystal composed of two or more crystals, in reverse 

UDP. chern. Uridine diphosphate, 
Ulbricht sphere. phyr. A hollow sphere. used for optical integration of the 

light flux from the source ofillumination. In the spherephotomeler,.it integrates the 
light scattering by the sample solution. 

ultmafiltration. phys. chem. Filtration in which particles of colloidal size are 
separated from molecular and ionic substances by drawing the liquid through a 
membrane, in which the capillaries are very small. Dialysis. 

unaccounted loss.*The deficit in the sucrose balance of the process after the 
production and accounted losses are subtracted from the quantity of sucrose entered. 

, substance hy drying. 

, position to each other. 

I 
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zlnderfeed stoker. A stoker system consisting essentially of a fixed grate to 
which coal is fed by means of a reciprocating ram or screw feeder, which forces the 
coal from below to the surface of the grate by mechanical force. 

vacuole. bot. A cavity or vesicle in the protoplasm of a cell, containing watery 
fluid. 

uopor.* Steam derived from boiling juice or syrup, as differentiated from 
steam originating in the boiler house. 

vernnlization u g ~ .  To produce premature flowering or fruiting of a plant. 
wnrh syrup.* The filtrate leaving a centrifugal after the initiation of the wash, 

consisting of displaced green syrup plus the solution of s u q r  crystals dissolved by 
the wash. 

wnrte lime.* The solid matter remaining after the waste-lime slurry is 
dewatered. 

waste-lime loss.* Sucrose leaving the process via the waste-lime slurry. usually 
expressed as percent on beets or percent on sucrose entered. 

wet hopper." The rectangular hopper constructed over a section of beet 
flume, for the transport of beets to the factory process immediately upon their 
unloading from a railroad car, truck, or other carrier. 

wet pulp.* Pulp leaving the diffuser. 
wet scrubbing. coll. A gas cleaning eystem using water nr some suitable liq- 

uid to entrap particulate matter, fumes, and absorbable gasses. The collected 
substances are then withdrawn along with the scrubbing liquid. 

white boiling.* The c~ystallization-separalion scheme that operates at the 
highest spurity, using chiefly standard liquor (q.v.) as its feed and yielding a 
crystalline product that becomes marketable sugar upon washing, drying. and 
(usually) screening. 

zeolite. geol. A hydrous silica ion-exchange material. 



APPENDIX B 

A Tabular, Chronological History of all Beet-Sugar 
Manufacturing Enterprises in the United States 

Ahhreuiahns: cap. = capacity. in mns beets sliced per dry: p m  = prc~cnc: des. = designed: mol. wkd. 
= ton8 molasses worked in Stclfcn pmccss per day: Great Wcstcrn = The Great Wcsccrn Sugar Com- 
pany: Sprcckck = Sprrckeli Sugar Company: Utah-Idaho = timh~ldahn Sugar Company: 
Amrlgamatrd = The Amalgamated Sugar Company: American Crystal = American Crystal Sugar 
Company: and Holly = Hcilly Sugar Corporadon. 

Built L a d o n  and Equipmen, Remarks 
Yea. original comtrurtion 

I890 Philadelphia. Pa. 

l R l R  Northampinn. Mass. 

While Pigeon. Mich. 

I R 5 3  Sal, l r k c  City, Utah 
IHS6 S m  Francisco. 

(Ocean view) 
Calif 

1868 Chauworth. 111. 

Fond Uu Lac. Wis. 

I870 Black Hawk. Wis. 

Alvaradn, Calif. 

I871 Brighton. Calif. 

I 8 7 1  S0qucl, Calif. 

1876 Portland. M e .  

No factory cansiructcd. 

A small factory huilt 

A Email rartov ~ t .  

Builc by Mlamon Church. 
Built by Bcpler, coppcrmith. 

Built by Gcrmania &rt 
Sugar Co. Cap.. 50 L r m i  

Built by Ouo and B o n e n e l .  
Cap., I 0  10n1. cost. $12.000. 

Built by cooperative. Sonic 
machinery brought from 
Fond Du Lac and Freeport. 
Built by Calif. Bccr Sugar 
ws. c0. stcccn proccs8. 

Built by Sacrrmcnrn Vallcy 

r a r q  io UIC dilfusirm 
battery in U.S.A. 
J. B u m  installed machincry 
from Chatsworth. 111. in new 
buildings. 

Bonretccl and Otcu muvrd 
machinery here liam 
Alvarada. 

Build as adjunct ID Forest 
City Sugar Refining \Vorks. 
Imporcd Gcrman machincry. 

Sugar Co. Cap.. 70 ,c,nr. Firs, 

Scrd dircributed and hrcrs 
T.i.Cd. 

opcra,ions cevsed after 3 

Operations ccascd after 2 
years. 

y c m .  
Failed. I RSS. 
Ahandoncd. 1858. 

Sponsors includcd Grnncn 
Bros.. N. Y.. Jllrcpli Runn. 
capitalist. Springfield. 111. 
Failed. 1871. and moved IO 

Frmpn hy Bum.  
Four acre8 harvracd. 1868; 
120 acre%, 1869. 'Then ahan- 
doncd, aftcr fair SUCCE~J.  

Hampered hy had shonage 
of water. Failcd. 1875. 

First succcssful hcs-sugar 
factow iii Wcrrcm Hcmi- 
sphere. Closcd aficr Spring. 
1967. Equipment moved to 

erg liquid wgars. Serves as 
hulk ~mrage and distribution 

other ractorics. M ~ ~ ~ ~ ~ ~ c ~ ~ -  

point. nuiidings intact. 

Made supr. 1871-3. Made 

machinery movcd 10 Alrar~  
ado, Calif. 
Failed after first campaign, 
making I00 inn% sugar. Ma- 
chinery tmoucd io Black 
Hawk. Wir. 
Ceased opcruhnr, 1877. Re- 
Opened. in79 inno d 
made I S 0  t c m  of sugar. n i t  

r"" again. 
~ o d ~ ~ ~ ~ 1 ~  ructcssrui for 5 

accouII~ shortuge or kla. 

i n 7 ~ .  in 1879. 

ycxs .  Ahandonrd. 1881, 
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Y u r  Original Carutrvrtian 
Built k a t i o "  and Equipment Remarks 

EdRcmor,r. &la. 

Franklin. Mass. 

1888 w ~ ~ ~ ~ ~ ~ ~ I I ~ ,  calif. 

1890 Grand laland, Ncb. 

1891 Lchi, Utah 

NO Neb. 

Chino. Calif. 

1892 S,aur,,un. Va. 

1896 Eddy (Carlsbad), N.M. 

1897  LO^ dim  it^^, Caiir, 

Romc. N. Y. 

Built by Dclawarc Beet 
Sugar Co. Cap., 60 ton%. 

Builc by Franklin Sugar 
Refining Co. 

Built by Western k r  

Built for Oxnard Beet Sugar 
Co. by Cation-Iklmauc of 
Lillc. Francc. Cap., 350 

dricr. 

Built by Utah S u p  Ca. 

process. bancchar procc's 
never used. 

Sugar C". 

tons. S,clTcn proccss, pdp 

cap..  300 tans. stere" 

Built for Norfolk Bcci Sugar 
Co.  by Carion~Dclmaiic of 
Lillc, Francc. Cap.. 350 ions. 
Ruih by Chino Vallcy Bcci 
Sugar Co. German machincry 
from Grcvcnbraich Maschin- 
mfahrik. Cap.. 400 ions. 
StcITcn ~ ~ E J S .  pulp drier. 
0. K. Lapham of N. Y. in. 
irallcd bert~ugar machinery 
in some mnncry buildings. 
Erected by Pccm Vallcy Rcct 
Sugar Co., (Milwaukee brcw- 
ins inierrm) French rnachin- 
c'y from &nhicrViiic, can- 
ada. cap.. zoo cons. 
Built by Dyer for Los Ala- 
miiw Sugar Co.  Cap. 350 
tons. Srnrrcn process. 
Built by Firs, Ncw York 
B n i  Sugar Co.: German 
(Hallrsche Machincnfabrik) 
machincry from West Farn- 
ham. Que. Cap.. 200 tons. 

Built to obtain sugar from 
wac~rn~lonlj .  and failing. 
converted to beets. Abandon- 
rd, 1878. Opcntcd for one 

Failed after firs, campaign 
due IO poor cultivrticm, 
short crops. no pmfitn. 
Largc crop of beets. buc ihcy 

f w d  rhan rhc factory could 

year, 1880. 

for 

alrord 10 pay. Clollrd a r m  
firs, campaign. 
Dismantled artcr Spmckels, 
Calif. factory built in 1899. 

Enlargcd by Dycr. 1916. io 
500 tons. Purchased by A m  
erica" Crystal. Closed. 1964. 
Equipment and building 
sold. U%d for coniraciora 
hcadquanrrr. 
Enlarged by Dyer, 1900, ID 

had 3 auxiliary slicing (118- 

tions at Sptinpillc. Bingham 
Junction, and Provo, pump 

Exiraried juice was limed, 
and then pumpcd. System 
abandoned kcaulic of pipe 
corrosion. Factory dir- 
mandcd, 1937. 
Moved Lo Lamar. Colo.. 1905 

U.S.A. 
Ccascd opcntions aficr cam. 
paign of 1917. and moved 
IO East Grand Forks, Minn., 
for 1926 campaign. 

Opcrated 1892-3. Burned. 
1904. 

1200 tons. F~~ many years 

ing the j"iC< LO thc factory. 

First Stere" p'occss in 

Operated 1896-8. Humxd. 
1903. 

Enlarged by Dyer. 1898. to 
900 IOM. Dimantled in 
1926. 
Operated 1897-99. Machin. 
cry moved to Viaalia. Calif,. 
1906, by G. S. Dyer. 
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1897 Menomincc Falls, Wis. 

1898 Ogdcn. Ulah 

Ornard, Calif. 

Crockctt. Calif. 

Bay City, Mich. 

St. Louia Park, Mmn. 

Ringhamton. N.  Y .  

La Crandc. Orc. 

,899 Bctrcravia, Calif. 

Spmkclr (Salina), 

Grand Junction, Colo. 

Holland, Mich. 

Wavdy. Wauh. 

Built for Wiliconnin Sugar 
Co. by Dr. Korn. Cap.. 500 
tons. Pulp drier. 

Built by Dyer lor Ogden 
Sugar Co. Cap., 350 tons. 
SrcNen pmraa. 
Built by Ornard Conrrruc~ 
tion Ca. for Pacific Brrc 

Sicffcn proces%, pulp drier. 
Builc by California Brrl 
Sugar and Rcfining Co.: 
Ki lby machincry, in old 
Stan Flour Mill. Cap.. 500 
LO",. 

Built for Michigan Sugar Co 
by Frcd W. Wolf Cap.. 500 
mns. 
Built by Minnesota Sugar 
Co.: Dyer and Kilby Con- 
struction. Cap.. 350 ( o m  

Built by Binghnmton a c t  
Sugar Co.; French (Fiver. 
Lillc) machinery. Cap.. 350 

Built by Dyrr for Oregon 
Sugar Co. Cap., 350 tons. 

Built by Union Sugar Co. 
J. C. H. Srur, cngr.: Mar- 
nchutz and Canvcll machin. 
cry. Cap., 500 ions. StdTm 
~roccts.  DUIP drier. 

sugar Co. Cap. 2000 tons. 

tons. 

. .  
Built by Spmkcl,. Cap.. 
3000 tons. Stcffcn nraeas. 
pulp drier. Clauo Sprcckcls 
lmportcd machincry from 
Germany: then. world's 

Built by Dyer for Colorado 
Sugar Mfg. Co. Cap.. 350 

Built by Dyer for Holland 
Sugar Co. Cap., 350 tans. 

large., factory 

,Om. 

Built by Emil Salich for D. 
C. Corbin. Cap., 350 tons. 

Operated 1897: closed until 
xbuili by Henry Hinzc, for 
h c  Co.  in 1901, 10 600 tons 
cap. Dismantled in 1932. 
Enlarged by Dycr. 1912. LO 

loo0 tons. Machinery movrd 
LO Nampa. Ida., 1942. 
Acq. by American C r y a d  
Incr. to 3000 tons. Closed 
1958. Sold a i  junk. 

Also rcfinrd cane sugar. 
Clowd, 1909. BKL p m m i n g  
machincry movcd IO Corcor- 
m, Calif., 1908. 

Opcrakd, 1898-1905. Machin- 
ery movrd IO Wavcrly. Iowa, 
1907. 
Opcraicd 1898-1901. Burned. 
1905. Salvaged machinery. 
movcd IO Viaalia, Calif.. 
1906. 

chincry movcd IO Blackfmt, 
Ida.. 1904. 

Opcrated 1898-1911. Ma- 
chincry movcd to Burlcy. 
Ida.. 1912. 
Stcf fm proccsi discontinucd. 
Pm. cap. 5600 tom. R. T. 
diffuser. 

( ) P ~ ~ ~ . L ~ ~  1898.1902. M = -  

P n .  cap., 6000 ions, mol. 
wkd.. 100 cons. Gran. 
carbon. 

Enlarged LO 900 tons. Ac- 
quired by Holly Sugar Carp.. 
1922. I)lamandcd, 1943. 
Cloard 1929-32, purch. by 
Lakc Shore Sugar Co., re 
slancd 1933. Closed 1942. 

crops. 1942 lcascd to Dough- 
nut Carp. making dcrirosc 
fmm w h a t  flour. 1946 made 

MSG plant. until 1948. aflcr 
which dimanded. 
O p a t e d  1899.1910. Machin. 
ery movcd to Ccnicrficld. 
ulah, 1918. 

farmer, growing war-urcful 

gluten lor IMCC D ~ C ~ O ~ C  
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YCaC 0.iginn1 conrrrurtion 
Built Lacstion and Equipment Rcmarb 

1899 Kalarnazoa, Mich. 

Pekin. 111. 

Rochester, Minn. 

Rcnron Harhur. Mich 

Lcavitr, Nch. 

Bay City, Mich. 

Alma. Mich. 

Weit Bay City. hlich. 

Cam. Mich. 

1900 Rocky Ford. Colo. 

Sugar Ciiy. Colo. 

Fremont. Ohio 

Marine City, Mich. 

Lyona. N. Y. 

Built by Kalamazw Bcct 
Sugar Co., Frcd W. Wolf 
machincry. Cap., 500 ION. 
Built by Fuchrman and 
Hapkc (or Illinois Sugar 
Refining Ca.. machincry af 
Gmvcnbroich design. Cap., 
700 con$. 
Built by Fred W. Wolf for 
Lktroir Sugar Ca. Cap.. 500 
1 m 3 .  

Built by Dyer for Wolvclinc 
Sugar Co. Cap.. 350 t m a .  

Built by Oxnard for Stand 
ard Bcct Sugar Co. Cap., 500 
tons. 

Built by Kitby for Bay City 
Sugar Co. Cap., 600 tons. 
Stcffcn procas, pulp drier. 

Built by Kilhy, lor Alma 
Sugar Co. Cap.. 600 tons. 
Stereo proccsn. pulp drier. 

Built by Bartlc~r-Hayward 
Co.. for West Bav Ciw ' ,  . 
Sugar c o .  Cap., 500 tom. 
Pulp drier. 
Built by A. Wcrnickc Ma- 
xhincnhau Animlt of Hallc 
for Peninsular Sugar Refin- 
ing Co. Cap., 600 row  
Stcffcn praccs, pulp drier. 
Buik by Oxnard for American 
Be, sugar co.. Cap., IO00 
ton,. 
Built by Banleu-Hayward Co. 
for Nadonal &et Sugar Co. 
Cap., 500 tons. 

Built by Dycr for Cantinen. 
1.1 Sugar Ca. Cap., 350 tons. 

Built by A. W. Colwcll lor 
Marine Sugar Co. Cap., 350 
tam Bone char prorcn. 
Built by Fuchrman and 
Hapkc, machinrry of Grcvcn- 
broich design. for Empirc 

Cloxd, 1903. Machinmy 
movcd to Chippcwa Falls, 
Wis., 1904. 
After ODC year's operalion. 
converted ID glucosc factor). 
Machinery movcd tu Glen- 
dalc. A& 1905. 

Opcratcd 1893-1903. Ma- 
chincry movcd to Madiron. 
wis., 1905. 
Opcratcd 1899-1900. Machin- 
cry movcd LO &die, Ont., 
1902. 

1899-1906. Machinery moved 
10 ScoashluE, Nchr. 1910. 

mantled 1941 

Acquired by Michigan Sugar 
Cu. Closcd aficr 1952 tam- 
pip. All buildings dia- 
mantled ciccpt  gar ware- 
h o u x  arid boilcr houac. 
hlargcd to 900 ions. Dis- 
mantled in I Y G .  

Enlarged 10 1,100 IO"*. O p  

Eniarg.d to 1.400 m3. rxS. 

Present owner, Michigan 

2400 mni. Stcffcn prwcs  
rrmoved. m r k a  liquid sugars. 

Cap. 3350 tons. I I O  tons 
mola(iic~ wkd. Closcd aftcr 
1918-79 campaign. 
Incr. to 1200 tons. Acquired 
hy Utah~ldaho. Closed after 
1942 campaign. Parr of 
equipment movcd ID olhcr 
facrarics. Building disman- 
tlcd. 1949. Warchouw sold. 
Acquired by Great Wearern in 
1955. Now opcrrvd by N o d -  
em Ohio Sugar Co., Grcal 
Wcrtcrn subsidiary. Prcicni 
cap.. 3200 tons. Pulp drier. 
Rcfinulca cam sugar dvring off 
araaon. 450 LO"% mcb (cane 
conv~rsion April. 1978). 
Enlargcd by Kilby LO 600 
cons. Disrnandcd, 1928. 

+rated 1900-9. Michincry 
movcd IO Anaheim. Calif.. 
1911. 

SUR" c o .  Prcrml cap., 
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1900 

1901 Bay City 
(Salzburg). Mich. 

Laming, Mi& 

Lodand.  Colo. 

Logan, Utah 

1902 

Saginax. Mich. 

Gmlcy, Colo. 

Eaton, COlO. 

Carrollton 
(S@aw) Mid. 

Mr. Clcmcn~. Mich. 

Scatc Sugar Co. Cap., 600 
tom. 

Buih by Gcrman-American 
Sugar Co., Mcinhauacn  ma^ 

chincry. Cap., 400 tons. 
Stelfen pracia (no, used at 
pmxnt). pulp drier. 
Buik by Kilby for Lansing 
Sugar c o .  cap. ,  800 10"B. 
Pulp drier. 

Buih by Kilby far Great 

600 tom. Stclfen process. 
Wc,tcm svgar c o .  Cap.. 

(Grcat Wcatern'r firat 
factory.) 
Built by Dyer for lagan 
Sugar Co. Cap., 350 lana. 

Built by Kilby for S+aw 
Sugar Co. Cap.. 600 Lon& 

Built by Dyer for G m l c y  
Sugar Co. Cap.. 600 10"s. 

Built by Kilby for Ealon 
Sugar Co. Cap., 600 l a m  

Built by Kilby for Valley 
Sugar Co. Cap.. 600 ion,. 
SidTcn pro~css. p d p  drier. 
Built by Kilby for Macomb 
Sugar Co. Cap.. 600 tans. 
Pulp drier. 

Built by Oxnard for Sanilac 
Svgar Rcfming Co. Cap.. 600 

u x d  at pnicnr). pulp dricr. 
LO"*. stelfen proceaa ("at 

Pmcnt owncr, Monitor Sugar 
Co. Prcscnc cap., 4300 tom. 

Acquired by Michigan Sugar 

cd aftcr 1950 campaign. 
Main building used a i  bard- 
warc d i m  center. Rcrii dia- 
rnandcd 1954. 
Preacnc cap., 3400 tons. I85 
tom mol. wkd. Pulp drier 
added. 

co.. incr. to I100 IO"*. Clor- 

o n c  of the firs, I O  "IC the 
Osmose pmcrs. Dismantled 
in 1936. 
Ogdcn Sugar Co. (Ogdcn 

(Logan factory) and Oregon 
Sugar Co. (la Grrndc factory) 
combined to form T h e  Am& 
p m a t d  Sugar Co. Lcwition 

joined Amalgamated in 1914. 
Opcrarcd 1901-3. Moved to 
Sterling, Colo.. 1905. 

Merged wilh G n a t  Wcaern in 
1905. Plcscnt cap.. 2100 tons. 
Pulp drier added. 

1905. Pulp drier added. 
C l o d  follolring 1975-76 

h x n r  owner M i c h i p  Svgar 
Co. Prrwnt cap. 2400 ton%; 

Acq. by Franklin Sugar Co.. 
hcr .  to 1250 mna. Opd. 
1902-28. 1932-42, 1944, 
1946-47, 1950. In 1946.47 
also made drxuosc for 
Doughnut Carp. as well a8 

diced bets. Dimantlcd 1951 
centrifugals to Fremont, Ohio. 
Kelly filters to Croawcll, Mi%. 
equipment LO Mcnominct. 
Mich. Balance of equipmcni 
junked and ground clcarcd. 
1955. 
Acquired by Michigan Sugar 
co .  PrCSC"l Lap., 1900 L0"ll. 

factory). Logan sugar c o .  

sugar co .  (Lcwistan factory) 

Merged wirh Great wcstcm in 

-p ip .  

StcITeen proreas "(it "led. 
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YCMr Original corvtrvrtion 
Built loration and Equipment Remark8 

1902 Scbcwaing, Mich. 

1903 Garland, Utah 

Idaho Falls, Idaho 

SI. Louis. MLch 

Mcnomince. Mich. 

Owonso. Mich. 

Ft. Collins. Colo. 

Windsor. C a b  

Longmont, co io  

Eaat Tawas, Mich. 

1904 Chippcwa Falls. Wis. 

Blackfoot. Ida. 

Built by Fuchrman and Hapkc, 
for Sckwaing Sugar Refining 
Co. Cap., 600 tom 
Built by Dycr for Utah 
Sugar Co.  Cap., 600 tons. 
S t C I c "  proccs,. 

Built by Dye? for Idaho 
Sugar Co. Cap.. 600 tom 
Pulp dncr. 

Built by Dyer far St. Louis 
Sugar Co. Cap., 500 cum. 
scllcn procc". pulp drier. 

Built by Kilby far Mcno- 
minrc River Sugar Co. Cap., 
1000 coma. Pulp drier. 

Built by Kilby for Oworio 

Pulo drier. 
Svgar c o .  Cap., 1000 mnri. 

Built by Kilby for Fort 
Collim sugar c o .  Cap., 1200 
,On". St.lTm proccas. 

Built by Kilby for Windsor 
S u p r  Co. Cap.. 600 tom. 

Built hy Kilby for Longmont 
Sugar Co. Cap., 600 ions. 
sterren pracrr.  

Builc by Kilby for Taras 
Sugar Co. Cap., 600  LO^. 

Built by Chippcwa Sugar 
Rcfining Co.: Wolf machin- 
cry moved from Kalamazoo. 
Cap., 600 ton,. Pulp drier. 
Built by Thcodom Hapkc 
for Rock County Sugar Ca. 
Cap., 600 Ions. Pulp drier. 

Built by Snake Rivcr Vallcy 
Sugar Co. French (fives~ 
Lillc) machinery moved from 
tiighamton, N. Y .  Cap., 600 
tom. 

Prceecnt owner. Michigan 
Svgar C O .  Prerrnr cap.. 2600 
t o m  

Acq. by U & 1. Cap. 2700 
tons. I40 inns molaaacs wkd. 
Cl0,cd ancr 1978-79 
campaign. 
Arq. by U EL I. Cap. 1400 
ton,. 140 cons mob. rkd.  
C l m d  aftu 1978.79 
campaign. 
Opcraicd continuously until 
1951. Acq. by Lake Shorn 
Sugar Co. at some rime. 1954 
diarnandd; pilcrs and un. 
loaders sold LO Monitor. All 
bldga. diamantlrd cxrcpt 
mgar rhsc. 
At some h c  acq. by Sup+ 
tior Sugar Refining Co. lncr. 
to 1300 cons. Opd. 1903-26. 
1933-53. Machinery srappd ,  
1951. Plant dismandcd, 1956. 
Enlargcd to 1600 ion,. In- 
opcmtive since 1933. Dis- 
mantled. 1948. 
Mcrgcd with Great Western in 
1905. Closed in 1955. Abm- 
doned in 1965. Dimantled 
in 1967. 
Mcrgd rich Grcar Wcsiem in 
1905. Closed in 1968. Some 
quipment 10 Godland. 
Kamaa. Plant dismmtlcd in 
1968. 
Mcrgcd with Cicar W C I L C ~  in 
1905. Pulp drier added. 
Cloacd following 1976-77 

Opcrald 19034. Machinery 
movcd to Chaaka. Minn., 
1906. 
Dilimandcd. 1934. 

campaign 

Machinery originally MI up 
at Dmadcn, Onr. by Fuchr- 
man and Hapkc. At one time 
"3rd the Osmorc praca.r. 
Moved IO St. Hilairc. Que.. 
1940. 
Acq. by Ulah-Idaho. Cloacd 

moved IO other factart&. 
Bldg. and whx. s t i l l  in u x  
for dried pulp and sugar 
"o'agc. 

elSon or 194~. part orequip. 
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1904 Sugar City, Ida 

1905 Lrwiston, Utah 

B l i d d d .  Mirh 

Rivcrdalc, 111. 

Lamar. Calo. 

Sterling, COlO. 

Madison. W i i .  

Clcndalc, Arir. 

Holly, Colo. 

1906 flarniiton city, caiir. 

Brurh, C o b  

Fort Morgan, Colo. 

swink. Colo. 

h i l i  by Dyer lor Frcmont 
County Sugar Co. Cap., 350 
tom Sterreen proteas. 

Builc by Dyer for kwi.ton 
Sugar Cn. Cap.. 600 tons. 

Builc by Dycr for Conlhcntal 
Sugar Ca. Cap.. 600 tons. 
Srellcn proccsa. pulp drier. 

StFffC" p'occsJ. 

Acq. by Utah.ldaho. Closcd 
season of 1942. Pan  of equip. 
moved to othcr faclorics. 
Bldg. diamandcd 1949. Whsc. 
sold. 
Acq. by Amalgamarcd. Cap. 
1900 ions: 105 mol. whd. 
Clowd 1912. Dismantled. 
Opd. 1905-42, 194546,  1948. 
50. A t  ~omc time acq. by 
Great Laher Sugar Ca. C l a d  

1954 campaign. Ccntri- 
fugals add to Frmonl.  Ohio. 
Factory sold 10 Grcat Wcnlcrn 
1955. Ncvcr operated ahcr. 

Built by Cha$. Pope: Pope La$c gxrarcd in 1925. Dis- 
Enginrrr'r machinery. Cap., 350 mantkd h 1921. 
tons. Bone char, Ste&n pmcas, 
pulp drier. 
Built by American kr 
Sugar Co.: French machincry 
from Norfolk, Neb. Cap.. 400 

Built by Sterling Sugar Co. 
Machincry movcd from Saginaw 
Mich. Cap.. 600 tons. SlclTen 

abandoned). 
Built by United Stales Sugar 
Ca., machinery movrd from 
Rochester. Minn. Sicffcn 
pmcc.ia. pulp drier. Cap., 
6 0 0  (0"s. 

Built by Fuehrman and 
H a p h  lor Eastern Sugar Co. 

tons. StcBn pmcsr. 

process (Lrffcn proccra later 

cap., 800 cons. 

Built by Holly Sugar Co. 
Cap., 600 tom. 
Built by Ornard for Aha 

Cap.. 600 ions. SWTm 
prmcia (not urd) .  
Built by Dyer, lor Morgan 

Cap., 600 tons. 
Built by Morgan County 
Construcdon Co.: Ricer- 

California k t  Sugar c o .  

Coun,y cansuuction co. 

coniry machincry. cap., 600 
ton,. S,cffcn proccss. 
Built by Holly Sugar Co. 
csP. 1200 tons. s d c n  
pmccsa. 

Enlarged 10 500 tons. Last 
operrtcd. 1912. and dis- 
mantled. 1927. 

Mcrgrd with Great Wearcrn 
in 1905. Prcxnt cap., 2450 
tom Pulp drier added. 

Dismantled in 1924. 

Opemcd on bets IO 1915: 
then pound cane for 2 short 
campaigns. BCCL prmwing  
machincry moved to Delta. 
COIO., 1920. 
Machincry moved IO Sheridan. 
Wyo.. 1915. 
Acq. by H.>lly, 1935. Ion 
cxch. used on im p n  
a ~ r e r a l  yean in 60'8. cady 

Acq. by Grcal Wcarcm. Incr. 
10 1600 tom Closcd, 1955. 
Abandoned. 1965. dicimandcd. 
PrrY", owncr. crcat Wcs1crn. 
?resent cap.. 3250 ion&. 185 
tons mal. wkd. Added pulp 
drirr. 
C l o d .  1959. Sold Io Am&. 
can Cryrml. Equip. moved 
to other plan- or junked. 
Bldga. and pmpcrly add. 

7 0 ' ~ .  cap. 2800 tons. 
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Y a '  Original Corutrurtion 
Built LaEntion end Equipment Remarks 

1906 Billings. Monl. 

Garden Ciiy. Kan. 

Chrska, Minn. 

Nsmpa. Ida. 

Vibalia. Calif. 

Charlcvoii. Mich. 

1907 La. Animas, Colo. 

Wavcrly. Iowa 

1908 Corcoran. Calif, 

Sania Ana (New Iklhi), 
Calif. 

1310 Scotublulf, Neb 

Pauldin~. Ohio 

I911 Findlay. Ohio 

Built by Kilby for Billings 

Stclfm proccis. pulp drier. 
Sugar Co. Cap.. 1200 tom 

Built by Steams-Roger for 
U. S .  Sugar and Land Co. 
Saflcn proccss, pulp drier. 

Built by Carvcr Cousiy 
Sugar Co. Cap., GOO fans. 
Machines moved from h i t .  

Built by Dyer far Wcsrcrn 
Idaho Sugar Co. Cap., 750 
LO"9. 

Built by C. S. Dyer for Pa. 
c i k  Sugar COT. Machincry 
movrd from Rome. U. Y. and 
b. buia  Park. Minn. Cap.. 
350 ion#. 

Built by Walbum-Swcnmn 
for Weir Michigan Sugar Co.  
Cap.. 600 Vlns. 

Built by Dyer for American 
Bcci S"&d "a. Czp., 700 
cons. 
Buih by Iowa Sugar Cu. 
Machincry from Bay City, 
Mich. Cap., 400 tons. Pulp 
drier. 
Built by Pacific Sugar COT. 
Machincry from Crockctr. 
Calif. Cap., 600 tons. 

Built by Southon California 
Sugar Co.. Walbum-Swcnson 
machincry moved from Wiar- 
tan, Canada, by Hinzr. Cap., 
600 iom. Stclfen proccis, 
pulp drier. 
Built by Scouablufl Sugar 
Co., Oxnard machincry from 
Lcaricr. Neb. Cap., 1200 
ran,. Stelfen proccaa. 
Buili by Larrowc for &man- 
American Sugar Co. Cap., 
700 Ion,. Stelfen pmcsi, 
pulp drier. 

Built by +r for Conhen-  

Pulp drier. 
la1 Sugar co. Cap., 100 tan,. 

Rem, owocr, Great Wcstcm. 
Prcvnt cap., 4050 tons. 230 
tons mol. vkd. Enzyme 
p'""s. 
Acq. by the Garden City 

Purch. by Holly and 'iamc 
machincry mmovcd. 1959 
purch. by American Cryystal, 
m o v e d  aomc machincry. 
1960, aold and scrapped. 
Whrr. intact, xnrcd for 
wmmcrcial "ID 

Acq. by Amciican Cry).nal. 

1971. Retained for disc& 
bution cmtcr and liquid 

Closed. 19 I I, due LO mvagca 
a( the "whim fly." Machincry 
moved to Spanish Fork. Utah, 
1916, by Utah-Idaho. 
Machincry moved IO Hwpcr, 
Utah 191%. 

Co. Last campaign 1955. 

Cap., 2200 LO"$. Closed 

'"gar mfg. 

Machincry moved IO Ouarr. 
Ohio, 1912. 

h a t  opcratrd. 1920; dis 
mmtlcd. 191?. 

Incr. 700 tons. Opralcd 
1907~13. 1920-1. 1942. Made 
Corn  suwr. 1915.6. Not 

Y 

oDcraicd since 
Marhint?, moved IO Whitney, 
Ids., 1921-2. 

Opcratcd by Holly Sugar 
Co.. 1916~20. Dismantlrd. 
1924. 

Pmarnt owner, Great Wcstcm. 
Prelcnt cap., 3300 tons. 130 
ton, mol. wkd. Pulp 
drier added 
Acq. by Padding Sugar Co.  
Comdidatcd with Great 
Iakca Sugar Co. 1948. Did 
not opmtc after that date. 
Dimantled, 1953. 
Acq. by Crest W a k m  in 
1355. O p r .  by Nonhcrn 
Ohio Sugar Ca., Great 
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Monk Viarr, Colo. Built by Dycr for San h i $  

GOO IO"$. 

Built by Dycr for Utah4daho 

Built by Nevada Sugar Co. 
Machinery from Watsanvillc. 
Calif., inststled by Hhzr .  
Cap. 500 tons. 
Built by Anaheim Sugar Co. 
Machincry from Lyons. N. Y. 
Pulp dticr. 

Huntington Bcach. Calif. Builr by Holly Sugar Co.. 
Siclftn prorcrr. pulp dricr. 
Cap., 750 tons. A130 had 
p a a h  plant. 
Built by Dyer for Santa Ana 

600 tons. Stelfen proccsr. 

Valley &et sugar c o .  Cap.. 

cap., 500 tom. 
Elsinorc. Utah 

Fallon. Ncv. 

Anaheim, Calif. 

1912 Dyer (Sanm Ana), Calif. 
cwpcrativc sugar Co. cap.. 

pulp dricr. 

Wcsrum aub3idiary. C l o d  101 
lowing 1977.78 campaign. 
Sugar terminal remains. 
Claacd, 1915. Machinery 
moved to Lovcll. Wyo., 1916. 

Enlarged to I loo ions. Dis- 
mantled. 1942. 
Diamantlcd, 1933. 

Machinery moved 10 Sidney. 
Mom. 1925. 

Machincry moved to Tor 
ringtan. Wyo.. 1926. 

Acq. by Holly. Cap.. I800 
tons. I20 tons mol. wkd. 
Converted to cane xfincry. 
1979. 

Burlcy. Ida. 

Toledo, Ohio 

Otrawa, Ohio 

1913 Payson, Utah 

1915 Idyion. Utah 

Shcridan, Wya. 

1915 Maxwell. N. M 

1916) 
(01 

Built hy Dyer for Amalgamated 
Machincry ham La Grandc. 
Orr. Cap., 400 tom. 

h i l t  by L s m w c  far Tolcdo 

Stelfen proccsa, pulp dricr. 

Enlargd 10 127s ton,. 
Ahandoncd. 1948. 

sugar co. Cap., 1000 tons. 
Enlarged to 1500 tmr. Dh 
mandcd, 1941. 

Built by National Construedon 
CO. for Ohio Sugar Co. 
Machincry fmm Chadevoir. 
Mich. Cap.. GOO tons. Pulp 
drier. 
Built by Larrowc for Holland- 
St, Louir Sugar Ca. Cap., 700 

dricr. 
Built by Dyer for Utah-Idaho 

Built by Dyer for Layton 
Sugar Co. Cap., 500 ions. 

ton,. slclfm pmccsr, pulp 

sugar c o .  Cap., 500 tons. 

Built by Holly. Machincry 
fmm Holly, Colo. Srcffcn 
prmcss, pulp drier. 

In dcfunet plan1 of Racky 
Mountain (Meat) Packing Co. 
With too .mall biler8.  uaed 
locomorivc boiler IO mii t .  
Two "Scotchmen." 

Pmsc", O H m C I ,  nuctcyc 
Sup", In<. Cap., 1600 tons. 
Cloacd. 1979. 

Dismanrlcd, 1944. 

Enlargcd to 750 ions. Die 
mantled. 1940. 

with full ion cxchangc. Acq. 
by Utah-Idaho. Closed. 1958. 
Part of equip. moved LO oCm 
factorica. Whae. now u c d  
for tugar storage. Factory 
bldg. dismantled, 1969. 
Cloacd in 1947. Equip. moved 
LO ohcr factories or junked. 
Whxs. used for sugar 
aioragc. Factory bldg. 
mnted. 
Clowd after 6 months opn. 
Not enough ikrign. WBICI. 

Operated for acvcral years 
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1916 Lavell. Wyo. 

Twin Falls, Ida. 

k i n g .  Neb. 

Soankh Fork, Utah 

Wcii Jordan, Utah 

Brigham City. Utah 

Grant's Paas, Om. 

1917 Tracy, Calif. 

Built by Dye, for Great Prcxcnt cap.. 2100 W M .  Pulp 
Western. Machinery from drier addrd. 
Monte Vista, Calo. Cap.. 600 
tom. 

Built by Lamow for Amal- Pxxnt cap., 4600 mns, 200 
iamatrd. Cap., 600 tons. Stcffcn ton$ mol. wkd. Addcd Mag- 

Ox pmcctr. CSF. pracan 
Built by Great Wcstem. 

proccn, pulp dticr. 
Built by Dyer for Utah. 
Idaho. Machincry from 
Nampa. Ida. Cap., 150 tons. 
stcri.cn procesr. 
Bud1 by Dyer for Ulah- 
Idaho. Cap., 500 I O ~ L  
Pulp dticr. 

Cap., 1200 tons. srcrren 

Buill by for UtahJdaho 
Cap, 500 loma. 

Built by Dyer for Oregon- 
Utah Sugar Co. 

Built by Dyer far Pacific 

SiclTen process. pulp drier. 
Sugar Corp. Cap ,  500 tons. 

Pxmc cap.. 2100 ionli. 130 
iooi mol. wkd. 

Enlargcd to 1750 tons. 
Abandoned, 1942. Dirmanrlcd. 
1948. 

Enlmgcd LO 1700 tons. Clorrd 
in 1971. Bldgs. C O W  10 
bulk s u p  q e . ,  pkg. and 
diatr. center. 
Enlargcd lo 1300 tons. 
Dismantled. 1941. 

Opaatrd 1916-17. Machincry 
movcd to Toppiah.  Wash. 
1919. 
Acq. by Holly. 1927. Picxnt 
cap.. 4300 t o m  150 funs 
mal. wkd. Corn HFCS unit 
added 1979. 
P a n t  cap., 6+50 tom. 

Machincry movrd to ClarkI 

American Crystal, 1936. 

. Quentin pmccs.  
Srnithkld (Amalga), Built by Dyer for Amalgama~d.  

Utah cap.. 100 tam. burg. Calif.. 1935. Sold IO 

Rescnr cap., 2200 tona. 

Mini-Caraia (Paul). Idaho Built by Larrowc for Amal- 
gamated. Cam. 600 tons. 

Bayard, Neb. 

Brighlan. Colo. 

Built by Great Wcsicm. 
Cap., 1300 tons. Pulp drier. 
Built by Larrovc for Great 
Wcstcrn. Cap.. 1300 tons. 
Pulp dricr. 
Built by Jamcr Srcrart & Moroni, Utah 
co., for the Peoplcr Sugar C" 
cap. ,  400 tom. 

cap.. 1200 tons. 
Manrco, Calif. Built by I+ for Sprrckelr. 

Missoula. Mont. Built by Dyer far Gmnt 
Wratcrn. Cap., 1300 tons 

Built by Srcarndbgcr for 

1000 con,. 

Built by Dye? for Utah- 
Idaho. Cap., 150 ions. Pulp 
drier. 

&Ira. Ulah 
crcat Brain Sugar co.  Cap.. 

Shelley, Ida. 

Cloxd following 1976-17 
campaign. Sugar tcminal 
m a i n s .  

Moved to Toppenish, Wash., 
1937. 

R c ~ n r  cap., 4200 tong. Multi 
hearth kiln pond lime rc- 
burner. Gran. carbon. 
Opcrstrd I yr. Machinery 
moved ID Mitchell. Neb., 
1920. 
Acg. by U 81 1. 1920. Closed 
in I924 due mainly to rurlcy 
top. Machincry movcd to 
&lle Fourchc, S. D.. 1927. 
Closed, 1942. Pari of equip. 
moved to orhcr factories, m- 
maindcr junkcd. Buildvlg 
and uhac. now uacd for 
dricd pulp and '"gar mrage. 
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North Yakma, Wash. 

Cornish, Utah 

Warland, Wyo. 

Mason City. Iowa 

1918 Sprinpille, Utah 

Whitehall, Manr. 

Ccnrcrficld, Utah 

1919 Rigby. Ida 

Hoopcr. Ulah 

Sunnyaidc. Wash. 

Toppcnish. Wash. 

1920 Bclmond, Iowa 

Mount Plcasanl. Mich. 

Built by Dyer for Utab 
Idaho Sugar Co. Cap., 750 
tons. Pulp drier. 
Constructed by Cannon and 
Lynch for Weat Cache Sugar 
Co. Dyer cquipmcni moved 
from Raymond. Aka. Cap., 
600 tons. 
Built by Larmwc for Wyoming 
Sugar CO. Cap., 600 tons. 
stcffen praCc3s. 

sugar coq. cap.. 1200 cons. 
Built by Lanowe for Northern 

SalTcn prxess, pulp drier. 

Built by Dyer for  spring^ 
vilb. Maplcion S u p  Co. 
Cap.. 350 tons. 
Built by Lanawc for The 
Amalgamated Sugar Co. 
Cap., 600 coni. 

Built by Cunniran Vallcy 
Sugar Co. Machinmy moved 
from Wavcrly, Wash. Cap., 
500 tom. 

Conairuction ararrcd by A. 
P. Coopcr-complctd by 
Henry Schwartz. Cap.. 800 
tons. 

ConiUuctcd by Dan. Cuf- 
l c k n  for Hwpcr Sugar Co. 
Cap.. 600 tons. 

Builc by Larrowc lor Utah 
Idaho. Cap.. 750 cons. 

Built by Ver far thc Utah- 
Idaho Sugar Co. Machincry 
from Grant's Pan,  Orc. Cap., 
750 ions. SiclTm proceas. 
Built by Dyer for Iowa 
Vallcy Sugar Co., Cap., 600 
tons. Pulp drier. 

Buill by Columbia Sugar Co.. 
dca. by H. A. Vallcz. Cap., 
1200 tons. Pulp dlicr. 

Machinery m o d  LO Chinook. 
Mont., 1925. 

Purchaacd by Amalgamated. 
1920. Movcd 10 Miasoula, 
M o m .  1927. Sold 10 Amrri- 
can Crystal, 1936. 

Prraenr owner, Holly. Prcscnc 
cap.. 2100 tons, 7 5 4 0  tom 
mol. wkd. Thick jcc.  stgc. 
Acq. by Amcrican Crystal. 
SlclTen p r ~ c ' s  abandonrd, 
1964. Cap.. 2400 ions. 
Clowd. 1973. Rctaincd as 
distribution center. 

Dilimantlcd. 1940. 

Ncvcr operated. Machinery 
moved to Honcyvillc. Utah. 
1920. which was "CYCr <om. 
plctcd. 
Incr. IO 1500 tons. Acq. by 
Utah-Idaho. Closed 1960. 
Equip. and bldg. sold, gal- 
vagcd for junk, 
Went inlo bankruplcy, 1922. 
Acq. by U & 1 ,  1924. Dis. 
conhued opn. in 1930. 
Dismanilcd in 1939. Con- 
vcncd IO mgar warehouse. 
Machincry originally crrctcd 
in France: movcd to WC$L 
Farnham. Que.; Ramc. N. Y.. 
1897; Visalia, Cdif., 1905. 
Ihsmantlcd. 1936. 
Movcd to Raymond, Aha. 
Sold LO B. C. Sug. Ref. Co., 
1921. 
Machinery moved to &Iling- 
ham. Wash., 1925. 

Dpcratcd by American Cryrral 
1928-30. Equip. moved to 
other  plant^ 1933-42. Bldga. 
rold. 1942. 
A q  by Michigan Sugar Co. 
Uwd firat ion cxchang. pro- 
cess. 1°C.. ," 1400 ton(/. 
Closed after 1947 campaign. 
Sugar whw. used for mgar 
s t o m ~ c .  Other bldga. dia- 
rnantlcd, 1967. 
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1920 Mirchcll. Nch. 

crrcn Bay, wis. 

Dclk COlO. 

Fort I.uptan. Cole 

1921 Prcamn. Ida. 

Built by Great Wcsicm 
Machinery moved from Mis- 
soula. Manr. Pulp drier. 
Built by A. Bcnrlcy 81 Son. 
Schwanr. Enginrrring Co.. 

Cap., 600 cons. 
Built by Holly. Machincry 
m o d  from Glendale. Ariz. 
Cap.. 600 loni. Stcffcn 
P'"C"S. 
Built by Jamcs Sicwan & Co. 
for Industrial Sugar Cu. 
Cap., 600 tons. 

Buik by Prcstan Sugar Cu.. 
Dan Gutlebcn, cnp.  Kilby 
machinery. Cap., 900 t c m .  

for Green Bay Sugar co. 

Preamt cap., 2150 tons. 

Acq. by Mrnomincc  sugar^ 
c o .  Incr. (0  900 tons. 
Clowd after 1954 campaign. 

Cap.. 1640 tons; 55-60 tom 
mol. wkd. Clowd, after 
1976-77 campaip. D i s ~  
mantled. 
Acq. by Grcar Wcsom. lncr. 
to 1200 tons. Closed 1948: 
abandoned 1952; diarnanded 
1966. 
Machincry orig+~ally erected 
8, Crockcii, Calif., 1898: 
movcd lo Corcoran. Calif.. 

1925 Chinaok. M o m  

Sidneg. M o m  

Bellingham. Wash. 

1926 Johnmwn. Colo. 

Ouid, Colo 

Built by Utah-Idaho. ma. 
chincry from Yakma. Wmh. 
Cap., 900 (""3. Pulp dricr. 

9ci!t by Holly. Machicr;  
moved from Anaheim. Calif. 

Built by Utah-Idaho. Machmer) 
moved from Toppcnirh. Wash. 

Built by Great Wcaicm. 

c a p . ,  1800 tons. 

Cap., 1150 tan,. 

Built by Cleat Westem. Pulp 
dryer. Cap.. 1900 ions. Const. 
n ~ w  Strffcn hourt. 1927- 

abandoned. 
Stcffcn procc'" rincc 

Ea31 Grand Forks, Mmn. Built hy Honolulu Iron 
Worts for Amcrican Bcci 
S u p  Co. Machine7 moved 
from Chino, Calif. Pulp 
dricr. 

Built by &at Wratcm. 
Pulp drier. Cap.. I800 tons. 

Minakm. Neb. 

1908. Acq: by Fran'klin 
County Sugar Co. Acq. by 
Amrlgamaled, 1960. Last 
campaiG, 1962.63. Dis- 
mantled. 1961. Factory hldg. 
and whac. intact. 

1951. part o f q u i p . ,  main 
hldg.. and pulp dricr moved 
to Moacli Lakc, Wash. Main 
bldg. r c d c s i p d  for Siclfcn 
housc. Rcmaindcc was 

inrr. 10 ison tons. ciored 

junked. 
Prercnt cap., 4000 Inn?. 
Thick jcc. ugc. 

Machinery moved IO South 
America, 1941. 

Spccial plant for cmaction 
of iuugar from mol. by barium 
pmcraa. Refmcry closed, 
1977-liquid sugar terminal 
mmaina. Great wc,tcrn 
built MSG plant in 1954. 
Clowd 1977. Converted to 
HFCS plant 1980. 
Pmscnl cap.. 2650 tons. 

Acq. by American Crystal. 
1976. additional q u i p .  a d d d  
fmm Monrczuma, N.  Y., corn 
b m d  with anolhcr side. 
B.M.A.. making a daublc 
factory. 7200 tons. 

Dimandrd, 1948. 
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1926 Torrington, Wyo. 

1927 Misaoula. Mom. 

Lyman, Neb. 

Brllc Faurchc. S. 0 

1930 Whcadand. Wyo. 

Clarkaburg. Calif. 

1937 Woadland. Calif. 

Hardin. Mont. 

Tappcnish. Wash. 

1938 Nyssa, OTC. 

1912 Nampa. Ida 

1947 Brawlcy. Calif 
(cadto" factory) 

1948 Moorhead. Minn. 

1953 M o m  Lake. Waah, 
(Columbia Basin) 

1951  crookston. Mmnn. 

1963 Mendou, Calif. 

Built by Holly. Machincry 
moved from Hunrinpton &ach, 

cnzymc procras. 
Built by Amalgamated. 
Machinery moved from Cornish 
Utah. Pulp drier. 
Built by Great Wcncrn. 

Calil. SLdTC" procclir with 

Cap., 1900 loll% 

Built by titah-Idaho. Ma- 
chinery moved from &Ita, 
Utah. Cap.. 1700 ton$. 
Built by Great Wmcm.  
Cap., 1500 tons. 

Built by Amalgamated. Ma- 
chinery moved fmm Smithfield. 
U&. 
Buill by Spmkcla. Cap ,  
I800 tom. StdTcn pmceas. 
Built hy Holly Cor+., I800 
tons. 

Built by ti&-Idaho. Ma- 
chinery moved from Moroni, 

drier. 
Built by Amalgamated. Cap., 
2300 tons. Slclfcn proecrr, 
pulp drier. 
Built by Amalgamalcd. Cap.. 
2000 tom Machinery moved 
from Ogden, Utah. Addcd 
p m i n  pmccu and thick 
JYLCC storage. 
Built by Holly. Cap., 2700 
tons. Pulp drier. and Silver 
chain-type continuous dif~ 

Built by American Crystal. 
Cap., 2500 tons. Silver chain- 
tp cantinuoua dilfuw. 

lksigncd for 4000 tons with 
juice atorrgc. Stelfen 
pracss. Silver scmll and 
slop dilfuacra. 
Built by American Crystal. 
Cap.. 3400 (OM. Silver 
chain-type dilluser 
Builr by Spxckela. Cap.. 
3800 tans. 

U&. Cap.. I800 ton,. Pulp 

mer. 

h w n t  cap., 3200 ton8 

Acq. by American Cryatal. 
Closed, 1965. Plant and 
equip. add farjunk. 
C I d ,  19+3. Opra t rd  1947- 
48,  Clascd 1949. Bldg. dccl 
to Goalland. 1966. F+p. 
10 various rscmrica. Dir- 
mantled. 
Cloxd. 1961. Pan of equip. 

junked. Bldg. and vhse. sold. 
Closed, 1914. Quip.  to 
various factories, sold 1957. 
Prcwnc OWDCI.  American 
Crystal. Prcrent cap.. 3000 

Prcseoi cap., 3300 tons, pan. 
carbon used. 

Io other factories, rcmabiing 

tans. 

Cap., 1800 tons. Cloacd zRcr 

Present cap.. 4400 ,on*. 

1970-71 eampaign. Dilman. 
tld. 

Clowd. 1979. 

Resent cap.. 6350 tom 200 
tons mal. wkd. Quentin. 
CSF. 
Prcx", cap.. 9000 ton, 

1960. added Silver dopc 
dilluacr and thick juice 
stomp Prea. cap., 6500 
ton,. 
Replaced dilluser with Silver 
dlop: Addcd ion exchangc 
and thick juice mmgc.  
Cap.. 4600 tam. 
Find cap., 10.500 tom 
c l o d  after 1978-79 cnm~ 

P+. 

Diffuser replaced wirh Silvtr 
slopc. Present cap., 4350 tons 

Stelfen process. Lime from 
burning pond lLnc in mmry 
kiln. Slap dilfuacr. Cap.. 
1000 tons, p a n .  cirbon. 
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Yes. Original Comtrurtion 
Built Lastion and Equlprncnt 

I964 Hcmford. Tcxas 
(Metill E. Shoup) 

1965 Dnyion, N. D. 

Montczurna, N.  Y. 

1966 basion. Mahc 

1967 Chandler, Aril. 

1968 r.nodiand, K~". 
(Frank Kcmp) 

1974 Wahpcton. N. D. 

Hillabom, N.D. 

1975 Rmvillc. Minn. 

Sui11 by Holly. 

Built hy American Crystal. 
Cap., 5000 m n ~ .  D.D.S. 
slopc diffurcr. 
Built by Pepsico. Cap.. 4000 
tons. Also raw cant proccm 
ing q u i p .  

Built by Mainc Sugar Ind. 

quip. SMA quip.  
AIS" raw cane proccsing 

Built by Spmkcls. Cap.. 
4250 tons. 
h i l t  by Grcar Wentern. 
cap. ,  3300  IO^^. 

Buill by BMA far Mhn-Dak 
Farmcrs Cnopcraiivc. Cap.. 
4snn m. 

Built by B.M.A., for Red 
Uivcr Valley Farmers C o o p r -  

Built by Fersron Enginmring 
Co. for Southern Minn. Sugar 
Coopcrativc. Cap., 6500 coni. 
Thick juice s c p .  UT diffuser. 

a&c. cap., innn con.. 

APPENDIX C 

P m x m  cap., 6500 LUOJ. UT 
dilTwcr, thick juice storage. 
Quentin procrn. 1978. 
cap.. 5400 tons. 

Opcracd campaigns 1966-67, 
1967-68. Acq. by Mainc 
Sugar Industries of Monte- 
zuma. Did not opratc. 
1968-69. Equip. LO Faat 
Grand Forks. Minn., 1975. 
Opcratrd by Mainc Sugar 
1ndusvic.i. First campaign, 
1966-67. Cap.. 3000 tons. 
Opd. I shon campaign. 1976. 
C l o d  Purch. by Qucbcc 
Sugar Refincry, 1979. king 
dismrnrd. 
Oliucr-Moron dilTurcr. Cap., 
3750, gran. carhon. 

filtration, 191 carb efTlucnr. 
served only by k c t  trucks. 

1977. added lignitc-lid 
boilcrs. hick juice m ~ c .  1980. 
added Anarncr Waste Watcr 
VtaUne"nl nyrrcm. 
Mcrgd with American Crystal 
July, 1975. Prcxnt cap., 
4700 tons. 
Opd. 1975, 1976.77, by 
American Cryaal: sincr 1978 
opd. by O W ~ C ~ S .  197R added 
BMA washer. 

~rcscnt  cap.. 3400 mnS. nircct 

660,000 WI. SUgsr bin cap. 

1881 Famham. Que. ~ u i l t  by I.* Compagnic dc Opcrakd 1881.3. 1890-2. 
l i u m  de bcrrcravc dr  Quebec. 
Machincry from Halleschc 
Marchincnfabrik. Gcrmany. 

Built by Pionccr Sugar Go., wiih Opcratrd 1881~3. 
German machinery. Cap.. 200 

Built by FLuc.Lillr. France. for 
L'Union franco.canadicnnc. 

Machinery movcd IO Rome. 
N. Y.. 1897. 

cap.. 200  LO,,^. 

Coaticmk. Que. 

tom 

kr lh icr .  Quc. Factory closed, 1896. Machin- 
cry movcd co Eddy, N.  M. 

c ~ D . .  zoo tmS. 
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1902 &din, on,. (I.,<*. 
Kichcncr. On,.) 

Drcsdcn, On,. 

Wallaccburg. On,. 

\Yiarton. On,. 

1903 Raymond, Aka. 

1916 Chatham, On,. 

1925 Raymond. Aka. 

1936 Pktum Butte, A l m  

1940 Fort Carry 
(Winnipqq Man.) 

I 9 4 4  Mom St. Hilairc. Que 

1950 Tabcr, Aha 

Built by Dvcr far Onratio Sugar 
Co.. Ld. hachincry from 
Bcnion Harbor. Mich. Cap.. 
800 lo"$. 

Built by Amctican Conrrruction 
and supply Ca. for Dmsdcn 
Sugar Co.. Lid. Cap.. 600 tons. 

Built by Kilhy for Wallaccburg 
Sugar Co., Lrd. Pulp drier. 
Cap., 600 m n ~ .  

Ceased opcratiouns. 1920. 

C l o d  1904: machincry 
movcd IO Jmemille, Wir, 

Has used Barium procers On 
beet molassc~ Plant upgraded 
to 2500 ~ n n 8  and canc raw 
sugar refining. Plant closed 
and liquidacd 1960 bccaurc 
of lack of h m r .  Owncd by 
C&D. now Rcdpath Sugars. 

Closed. 1904. Machincry 
movcd to Ssnra Ana (Ne. 
tklhi). 1908. 

Clorcd. 1914. Machincry 
mavcd to Cornish. Utah, 
1917. 

Plant upgradrd (0  150U tons 
hut closed permanently after 
lait crop in 1967 and liquid- 
atcd. Owncd by Rcdpath 

Built by Walburn-Swcnson for 
Wiarcon Beet Sugar Mfg. Co.. 
Ltd. Cap.. 350 ions. 

Built by Dyer for Knight Sugar 
Co. Cap.. 350 tons. 

Built by Dominion Sugar Co.. 
m o d y  Kilby consmction. Cap.. 
1500 tons. 

Sugar. 

Built by Urah-Idaho Sugar Co.; Crancd operarionr in 1963. 
machinery from Sunnysidc, Faccory dismanrlcd. Bulk 
Wash. mmgc for refined wgar 

rctaincd for storage of Tabcr 
sugar which is l a m  packed at  
Trher. 

Cerncd optrations Drc.. 1977.  
Bulk ~tomgc for rcfincd sugar 
retained. Sugar movrd to 
Tabcr factory for packing. 
Factory to bc dirmantlcd. 

Built by Manitoba Sugar Co.  Prcrcnc cap., 2723 tonncs 
Ld. Name changed ID Manitoba (3000 ahor, ion%) 
Sugar Company ~ a division of 
B C Sugar, \'ancouvcr. B.C. 

From Jmewilk, Wis. Cap.. 
1200 LO"%. 

Built by Canadian Sugar 
Factories. Lcd. Cap., 1450 tons. 

Built by Quchcc Provincial 
Gaucrnmcn~. for La R a h r f i c  
dc S u m  de Quebec. Prca. 
cap., 1600 ionlj. 

Pres. cap.. 4000 t m n c g  
(4400 short tons) 

Built by Canadian Sugar 
Factotics I d  Namc changed IO 

Alberta Sugar Company ~ a 
division of B C Sugar. 
Vancouvcr, B. C. 
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APPENDIX F 
S.I. SYSTEM OF UNITS 

The International System of Units (SL)  which is a modem version of the 
MKSA (meter, kilogram, second, ampere) system is published and controlled by the 
General Conference on Weights and Measures, and other associated international 
organizations. 

The data in this Appendix are based on information approved by the above, 
and the U.S. Bureau of Standards, which form the "I.E.E.E. Standard Metric Prac- 
tice," sponsored by The Institute of Electrical and Electronics Ensneers, Inc., 
second printing, January, 1980. and published with their permission. 

There are Seven base S.I. units: length, the meter; mass, the kilogram; time, 
the second; electric current, the ampere; themodynami.: tempenlure, the krlvin; 
amount of substance. the mole; and luminous intensity, the candcla. In addition 
there are two supplementary units which may he approved as base units: the plane 
angle, radian, and the solid angle. the steradian. There are 59 units, formed by com- 
bining base units with supplementary or  derived units. They are distinguished also 
for use with S.I. in special fields, 5 units. and 6 units for temporary use with S.I. 
units. 

I n  the Table, "Classified List of Units." conversion data are given using three 
vertical columns: "To convert from," "To," and "Multiply by." In the last col- 
umn, the conversion factors are each followed by the letter E (for exponent), a plus 
or minus sign and two digits which indicate the power of 10 by which the number 
must be multiplied to obtain the correct value. For example, 3.523 907 E-02 is 
3.523 907 x 10-9, or 0.035 239 07. Similarly. 3.386 389 E+03 is 3.386 389 x 105, 
or 3 386.389. An asterisk (*)after the sixth decimal place indicates that the conver- 
sion factor is exact, and that all subsequent digits are zeroes. Note that E+OO = 100 
= 1, and E+OI = 1001 = 101 = 10. 

CELERATION" and the S.1. units in that field are described by, for example, 
'#meters per second2; misl; S.I. derived unit," or "name; symbol; and type of S.I. 
unit." 

A second table follows, giving S.I. multiples and submultiples of the S.I. 
units, except far the kilogram. 

Th- L :->:..,4.. .a.uaviuua2 1 - ,onxrsians a x  graupcd under general fields, such as "AC- 

To convrrifmm TO Mullrply by 

ACCELERATION 
mrlrr prr ~ l r o n d i :  mlsz; S I .  drn'urd  nil 

l x c  lall. atatidard(g) . . . . . . . . . . . . . . . . .  . m a c r p r  accondz(mlr*). . . . . . . . . . . . . . . .  Y.RII6 650'EiOU 
rd.2 . . . . . . . . . . . . . . . . . . . . . . . . . . .  .maerpr arrond*(mis*). . . . . . . . . . . . . . . .  :MIX IIWE-OI 

u a ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  accondz(mt.i). . . . . . . . . . . . . . . .  I.OUU iiim.e-02 
inill . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .marruer.emndiimt.ii . . . . . . . . . . . . . .  2 . 5 ~ 1  noii.E-02 . .  
rodinn per q u a r e  lrrorld; rodlsrl: m g d n r  orrricnrlion: S.I. den'uurd unil 

ANGLE 
mdim: md: O i  In  YY xi& S . I .  

p d  . . . . . . . . . . . . . . . . . . . . . . . . . .  .dcgrm(angular). 9.000 000.E-01 

IC) . . . . . . . . . . . . . . . . . . . . . . . . . . .  mdivl(rad) 2.90SS82 E-Ok 

d e p c r ( u y 1 c ) .  . . . . . . . . . . . . . . . . . .  . . . .  .mdian(rad) . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.745 Y29 E-02 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .radinn(rsd) 1.570196 E-02 
. . . .  . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  irrond (mgk) .radirn (rad) 

rmadt% n; solid angle: S.I. Npplrmmloy  mi(. 
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To conurrtfrorn T O  Mulrcply by 

AREA 
*punre mrlrr; m? S.I. d r 6 w d  unit 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  m ~ i c r * ( m l  . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.046873 E + 0 3  

brm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  m.tcr*(m? . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.000000'E-28 
circular mil . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .mctcr'(m*). . . . . . . . . . . . . . . . . . . . . . . . . . .  5.067 075 E- 10 
drrcy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  mct~r*(m*) . . . . . . . . . . . . . . . . . . . . . . . . . . .  9.869233 E - 1 3  
h'. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .mclcr*(m*). . . . . . . . . . . . . . . . . . . . . . . . . . .  9.290 301.~-02 
hcctarr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .mC~er* (my.. . . . . . . . . . . . . . . . . . . . . . . . . .  1.000 OOO'E+Ot 
in1 m ~ i ~ r l ( m 2 )  6.451 600.E-04 
mP(inlcmaliona1) . . . . . . . . . . . . . . . . . . . . . .  .mcar*(m~).  . . . . . . . . . . . . . . . . . . . . . . . . .  2.589 988 E + 0 6  
m%(US 11aLuIc) . . . . . . . . . . . . . . . . . . . . . . . .  . m s d ( m ~ ) .  . . . . . . . . . . . . . . . . . . . . . . . . . .  2.589 998 E + 0 6  
yd' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  mcc+(m~). . . . . . . . . . . . . . . . . . . . . . . . . .  8.361 27I E-01 

BENDING MOMENT OR TORQUE. MOMENT OF FORCE 
nrmiron mrtrr N.m; S.I. drrivrd unit 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  .metrr*(m*) 1.000OOO'E+02 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . .  nrwtnnmct<r(N.m) . . . . . . . . . . . . . . . . . . .  I.OOOOO0'E-07 
kgf.m . . . . . . . . . . .  . . . . . . . . .  .n twtmmctr r (N.m)  . . . . . . . . . . . . . . . . . .  Y.806 650'E+OO 

. . . . . . . . .  . .  . , , . , 7.1161 552 E-03 
. . . . . . . . . . . . . . . . . . . . . . . .  newionmcar(N.m) . .  , , , , , ,  1.1298+8 E-01 

1hf.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .newionmacr(N.m) . . . . . . . . . . . . . . . . . .  1.3S5 818 E i 0 0  

BENDING MOMENT OR TORQUE PER UNIT LENGTH 
n r W o n  mncrprr m c w  N.mfm. 

1ba.inIin.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .n.rtonmrsrprmrirr(N.mlm) . . . . . . . . .  

CAPACITY (SEE VOLUME) 
DENSITY (SEE M A S  PER UNIT VOLUME) 
ELECTRICITY AND MAGNETISM 

.newton meter (N.m) 

i b w i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ."C",O"mrsrprmrlrr(~.mim) . . . . . . . . .  5 . 3 ~ 8 ~ 6  E + O I  
4.448 222 E+00 

omprrc A; rlcrttir runml.  S.I. bacr unit 
I b  unpcrr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ampr r (  A) . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ESU orcumnt . . . . . . . . . . . . . . . .  ~mprr( A) . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3CLaLunpcre ........................... . . .unpm (A). . . . . . . . . . . . . . . . . . . . . . . . . . .  
omprrr prr mrlrr; Aim: mognnicfidd strmgth. S.I. detiurd mi(. 
ocrsicd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ampcm p r  meter ...................... 
omprrr prr q ~ y m  m d m  A h * ;  rvrrmi dmnty; S.I. detiurd unit, 
wulomb: C; A.s: qumriry o/<l<d6ciry,  rlccltir rhorgc S.I. drtivrd unit. 
rovlomb prr cubic m n w  Clm? rkdric  charge dmnry; S.1. dmn'wd unit. 
rovlomb p ~ r  q u n w  m e w  Cfm': rlmmtic,lux d m d y ;  S.I. drnvrd unit. 
Iakoulumb . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .coulomb (c). . .  
a m p x  h o u r . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  .coulomb (C). . . . . . . . . . . . . . . . . . . . . . . . . .  
laradry(ha..donC-12). . . . . . . . . . . . . . . . . .  ..coulomb (C). . . . . . . . . . . . . . . . . . . . . . . . .  
lamdry (chcmiral) . . . . . . . . . . . . . . . . . . . . .  .coulomb (C). . . . . . . . . . . . . . . . . . . . . . . . . .  
fnradry (physiral) . . . . . . . . . . . . . . . . . . . . . .  .coulomb (C). . . . . . . . . . . . . . . . . . . . . . . .  

E . M u ~ ~ ~ ~ ~ ~ ~ .  . . . . . . . . . . . . . . . . . . . . . . . . .  (A). . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  ampm( A . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  .coulomb (C). . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . .  famd(F) . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  .farad (F) . . . . . . . . . .  . . .  
ESUolcaprri~nnrc . . . . . . . . . . . . . . . .  . . f r a d  (F) . . . . . . . . . . . .  . . , , .  

a d m w  S.I. drvbrd unit. 

~tat lrrad.  . . . . . . . . . . . . . . . . . . . . . . . .  . h m d  (F). . . . . . . . . . . . . . . . . . . . . . . . . . .  
,firnd per mrtrr; Nm: prrmirriuiry; S.I. drnvrd unit. 
hmry: If: WbIA; indudanre; S.I. dc6urd uniz. 

EMUolindurmncc . . . . . . . . . . . . . . . . . . . . . . .  henry (H). . . . . . . . . . . . . . . . . . . . . . . . . . .  
ESU orinductmre . . . . . . . . . . . . . . . . . . . . . . . .  henry (H). . . . . . . . . . . . . . . . . . . . . . . . . . . .  
machmry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  henry (H) 
hrrq; HI: llr;/r<qumcy; S.I. dm6v.d unit. 
ohm: n : VIA; rkrltir ruir(onrr. XI. dc<wd unit. 
abuhm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ohm(n) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E M U  orm.islulrc . . . . . . . . . . . . . .  ..........h (0). . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ESUolr.iiruncc . . . . . . . . . . . . . . . . . . . . . . . . .  ohm(n) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ilniohm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~~hm(n) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ohm meter; 17. m: 

rbhrnry . . . . . . . . . . . . . . . . . . . . . . . . . . .  h T  (H). . . . . . . . . . . . . . . . .  . , . .  

1.000 000'E+OI 
1.000 O O O ' E i O l  
3.3356 E - I O  
7.957 747 EL01 
3.335640 € - I O  

7.957 747 E I O l  

1.000 DOO'E+OI 
3.600 000'E+03 

9.64957 E+04 
9.652 19 E+O4 
3.355640 E - I 0  

9.64870 E+OI 

i.onoooo.E+og 
1.0110 000'E+U9 
1.112650 E - I 2  
1.112 650 € - I 2  

1.000 000.E-09 
l.000000 E-09 
8.987554 E111 
8.987554 E111 

1.000 000'E-09 
1.000000 E-09 

8.987 554 E+ I I 
8.987 551 E+ I I 
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To CODYI IL  from T O  m d l c p l y  by 

. . . . . . . . . . . . . . . .  ohm cmmimacr . . . . . . . . . . . . . . . . . . . .  .ohm meter 1n.m) 1.000 000'E-02 
ohm ~ i r ~ u l a r m i l  pcr 11101 . . . . . . . . . . . . . . . .  ohm m ~ w  1n.m) . . . . . . . . . . . . . . .  1.662 426 E-09 
hrnry per m n r r :  Him: prrmrabillt.v ( m o g n r k ) :  S I .  dcnurd unit 
~ i r m m r :  S; AiV; Condurtonrr. S I .  drn'urd unll. 

ahmhii . . . . . . . .  . . . . . . . . . . . . . .  .PiCmCnl( (S). . . . . . . . . . . .  I . O O O O O O ' E + ~ ~  
mho . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . ~ i emcni  (S). . . . . . . . . . . . .  i . n i i n n n i i ~ ~ + ~ 0  
riaimhri . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sicmmn(S). . . . . . . . . . . . . . . . . . .  I .1126Sl i  E-12 

tcdo: 7 ;  Wblm': m q r x r i < j l u x  dmriry. S I .  dmurd unit. 
p m m a . .  . . . . . . . . . . . . . . . . . . . . . . . . .  tesla (T). . . . . . . . . . . . . . . . . . . . .  I.0IlUIIOU'E-09 

mcbcr. Wb: V.,: m e p d < / l u r ;  S.I. drnurd unll. 

m ~ i w c l l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  rcbcr (Wb) . . . . . . . . . . . . . . . . . . . . . . . . . .  1.0000011'8-08 
m i l  p l c .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  r c k r  (Wh) . . . . . . . . . . . . . . . . . . . . . . . . .  1.216 8:57 E-07 
uob: V: WIA: c l r r m r  potmtiol,  pormlial diUmnrc. d m m m d v c  lorrc. S.I. drn'xd unll. 

abvolt..  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  vult (V) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.000 OoO'E -08 
EMUofclcrtnc p u r m ~ i d . .  . . . . . . . . . . . . . . .  . v d c  (V) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.000 000'8 -08 

El02 
.,.,"Oh.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.997 92s E*02 

p , s s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  tCJIP (T) . . . . . . . . . . . . . . . . . . . . . . . . . .  1.ol1111111,1'E-01 

ESUofclccr.cpLc"tial . . . . . . . . . . . . . . . . . . .  soh (V) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.997 9 

. . .  
Bnrish thermal unii(lnicrna#imd Trhlc) . . . . .  . jmkU) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.055 056 E+03 
Bniirhihrrmrlunii(mcm) . . . . . . . . . . . . . . . .  . j o d c U )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.055 87 E+03 
B+sh chcrmal unit(lhmnnchrmica1) . . . . . . . .  .jvulcU) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.054 350 8 1 0 3  
Bn,iihihcrm.luni1(39.P). . . . . . . . . . . . . . .  . . . j  d c u ) .  . . . . . . . . . . . . . . . . . . . . . . . . .  1,05967 E103 

B~ii~hihrrm~lunii(6O'F).  . . . . . . . . . . . . . . . .  .joulcu) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  L U S I  bX E+", 
rnIonr(1nicmaiiondl'abl~) . . . . . . . . . . . . . . .  . j o u l c ~ )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.186 ROU'E+OO 

Brili.hihcrm.luni1(59.P). . . . . . . . . . . . . . . . .  . ; d c U )  . . . . . . . . . . . . . . . . . . .  i .ns inn  E I O ?  

cr~orir(mrm). . . . . . . . . . . . . . . . . . . . . . . . . .  .jOuieu). . . . . . . . . . . . . . . . . . . . . . . . . . . .  . t . i w o z  E+OO 
ralorir(Ihcmurhcmirrl) . . . . . . . . . . . . . . . . .  .joulc(J) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.184 I IUII 'EtUO 
r a ~ o r i r ( ~ s ~ ~ )  . . . . . . . . . . . . . . . . . . . . . . . .  . jdcu) .  . . . . . . . . . . . . . . . . . . . . . . . . .  .+.in5 80 E + O O  
ral"rir(20*C) . . . . . . . . . . . . . . . . . . . . .  . . . j , ,  " l e u ) .  . . . . . . . . . . . . . . . . . . . . . . . . .  4 . l H l  YO 

ralutic(kiloqram, mrrni .jwk U) . . . . . . . . . . .  4.1!11102 E+ll:l  

<blLrOn"OII . . . . . . . . . . . . . . . . . . .  .j,"l, U) . . . . . . . . . . . . . .  1.802 I V  E-19 
"E . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .j,"l, 0) 
L.lhf . . . . . . . . . . . . .  . . . . . . . . .  jO"IC(l). . I . : IMRIH Eti i i i  

kilncdone (mean) . . . . . . .  . . . . . . .  4 . 1 u o w  e+n:i 

. j O " I C U I  9 .600  II<III.E+U6 
. . . . . . . . . . . . . . . . . . . . .  . . . j  ""leu) . . . . . . . . . . . . . . . . . . . . . . . . . .  I.OSS"S6 EiOR 

~ o n ( n u r ~ r . r . g u i v . ~ m ~ o r ' ~ ~ ~ )  . . . . . . . . . . . .  .jOuieu) . . . . . . . . . . . . . . . . . . . . . . .  1 . 1 8 4  Et09 

W., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . j , . lCU)  . . . . . . . . . . . . . . . . . . . .  I.00" 000'EtO0 

Eilll, 
. . . . . . . . . . . . . . . . . . . . . . .  4.  186 R U O ' E + V I  

. . . . . . . . . . . .  4 . 1 n 4  O U O ' E ~ I I ~ I  

I.OOII ~~IIII'E-II~ 

. . . . . . . . . . . . . . . . .  . 4 . 2 1 1 l i l I  E-112 
. . . . . . . . . . . . . . . . .  + , i n t i n i i ~ ' ~ t i i : i  

kiluralori.(thcrmo~hcmic'.l) . . . . . . . . . .  j d c ~ )  . . . . . . . . . . . . . . . . . . . . . . . .  4.IHI lillll'Etll3 

raliirir ( k i l n p m .  Inicmaiinnrl Tahlc) . . . . .  .juulc a) 
d u m  ( k i l o p m ,  rhrrmwhcmirdl . . . . . . . .  . j d c  U) 

. . . . . . . . . . . . .  . . .  
. .  

. . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  

W. h . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .joulcU) . . . . . . . . . . . . . . . . . . . . . . . .  3.600 001l'Et01 

jwl? ptr krluin: JIK: h r m  copamity and mlropy; S I .  drnvrd unit. 
;ad? p" kilogram: Jlhg: spcc$c m w ~ :  S I .  drnwd unit. 
; d e  pm kilogram krluln: Jl(hg.K): rpccfif h m  cup ldy ,  rpcq% mrropy. 
S.I. drn'vrd unit. 
j d ?  p o  rubir mrlrr: J h , ;  energ). dmdy; denurd S.I. unli. 
ENERGY PER U N I T  AREA TIME 

. . . . . . .  1.134893 E+O4 

. . . . . . .  1.891 489 E+O2 

. . . . . . .  3.1s2181 E+OO 

. . . . . . .  1.634216 E+06 

. . . . . . .  6.973 313 E+02 

. . . . . . .  1.00000o'~.-03 

. . . . . . .  I.UUUOUO'E+OI 

. . . . . . .  1.1S0003 Er03 



S.I. SYSTEM OF UNITS 805 

TO E O I l V e r t  Jrom TO Multiply by 

FLOW (SEE MASS PER U N I T  TIME or VOLUME PER UNIT T I M E  
FORCE 
nmlon: N; hgg.mh*. S.1, denned unii 

dyne.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . n c w ~ o n ( ~ ) .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.000 0nn'E-05 
kilo-lorrc . . . . . . . . . . . . . . . . .  n c m o n ( ~ ) .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  .9.806 ti5n'E+nn 
kilopond "<man (N) 9.805 t i ~ n ' ~ + n n  
kip(lnn0lbf). " < W O " ( N )  . . . . . . . . . . . . . . .  +.4+8222 E+03  
ounre.f"rcc . . . . . . . . . . . . . . . . . . .  n c w t o n ~ ) .  .2.780 139 E-01 

pound-ime(lhf) . . . . . . . . . . . . . . . . . . . . . . . .  .ncwton(N). . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.448 222 E+nO 
lbfilb (Lhrudwright Imais] d o )  . . . . . . . . . . .  .newion pcr kilogram (Nlkg) . .  . . . . .  .9.8nti ti50 E+OO 
poundal . . . . . . . . . . . . . . . . . . . . . . . . . . .  .narcon (N) . . . . . .  1.382550 E-01 
ton-iorCL(znnnibf) . . . . . . . . . . . . . . . . . . . . .  . n a w m n ~ )  . . . . . . . . . . . . . .  . . . . .  .8.89ti 444 ~ + 0 3  

. . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  

FORCE PER U N I T  AREA (SEE PRESSURE) 

FORCE PER U N I T  LENGTH 
n m b n  per m L q  Nlm; mf&e rmn'on: S.1. detivrd unit. 
Ihflfi.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .newtonpcrmcccr(NYhn). . . . . . . . . . . . . . . . . . .  1.459390 Et01 
lbfiin . . . . . . . . . . . . . . . . . . . .  . . . . .  . ~ ~ w m ~ p c r m c r e r ( N l m ) .  . . . . . . . . . . . . . . . . . .  1.751 268 E t 0 2  

j o u l r p t r  k ; iqmm;  Jlks; hrol CapnC'Lv, %per*< mwgy: S.I. drtivrd vnll. 

B~u(lncemacinnal TableYlb.. . . . . . . . . . . . . . .  .joulcpcr kilogrm(Jlkg) . . . . . . . . . . . . . . . . .  . 2 .326  0 0 0 ' ~ + 0 3  
Btu(Ihcmu~hcmica1Ylb.. . . . . . . . . . . . . . . . . .  . j d ~ p r k i l o g p m ( J l k ~ )  . . . . . . . . . . . . . . . . .  . 2 . 3 2 4  141  E+01 
cal (Intcmadnnrl Tablcllg . . . . . . . . . . . . . . . .  . j d c  pcr k i l o p m  ulkg) . . . . . . . . . . . . . . . . . .  1.185 8 0 0 . ~ + 0 3  
cd( thcmo~hcmica l )hg .  . . . . . . . . . . . . . . . .  . j d c  pcr kilogram (Jlkg) . . . . . . . . . . . . . . . . .  1.184 nn0.~+03 
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To rauartfrom TO Mul1qJly by 

cal (In,. Tahle)Jg.'C) 

Btu (!ntcmatimal TablcY(lh.T) 
(c, hcatcapacicy) . . . . . . . . . . . . . . . . . . . . . . . .  jouk pr  kilo- kelvin U1kg.K). . . . . . . . .  k.IH6 HIIU'E+O3 

. . . . . . . . . . . . . . .  jou!cpr kilo- keIvin~ORg.K).. . . . . . . .  4.186ROO'E+03 
cal (rhmnochrm~ralyg :CJ . . . . . . . . . . .  . . j o u k  p" ki lopm kelvin u1kg.K). . . . . . . . .  5.184 000'E+03 
(a1 (~hermoaemicrlylml.min)  . . . . . . . . . . . .  .watt p r  meter2 wlml . . . . . . . . . . . . . . . . .  6.973 333 E t 0 2  
(a1 (~h~""..h.mi..lV(.rn'.~) . . . . . . . . . . . .  .wat t  pcr meter1 w/m* . . . . . . . . . . . . . . . .  4.184 UOO'F.+04 

joule per metrr,: Jim, 

B ~ u ( I n t . T s b I c V i l . .  . . . . . . . . . . . . . . . . . . . . .  .joulclmncr3 (Jirnl). . . . . . . . . . . . . . . . . . . . . .  3.725 HY5 El04 
B ~ u ( c h ~ r m o c h ~ m i c a l Y i ~ ~  . . . . . . . . . . . . . . . . . .  . j d c l m c t e r ~  Ulm3). . . . . . . . . . . . . . . . . . . . .  3.723 402 E + 0 t  

joule per mole; Jlmoi; molar mugy: S.1, dmtimd un;t. 
joule  prr mole Ifluin: J/(mol.K]: molor entropy: molnr heat rnpady;  S.1. dctiurd unil. 
joule  per hrlum: JIK; mtmpy and hror roparily; S.1. drtimd unh. 

m d I :  w. 
cal (Ihermochcmical~min . . . . . . . . . . . . . . . . . .  .WPU . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.973 333 E 02 
cal (IhcrmoBemica1)ia . . . . . . . . . . . . . . . . .  ,wail . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.184 000'E+00 
watt p o  :quare mrlrr rodkn: We m-*sr-,; rodunrr S.1. dativrd mil.  
mdrprr  m r t a i :  Wlm: healflux dmsily. brodkncc S.I. drn'urd unit. 

krluin per molt; K. mlW. 
"F.hlli'l[Btu (In,. 'Tablc).in] 

. . . . . . .  . .kcluinmetcrprwaic . . . . . . . . . . . . . . . . . . . .  6.933471 E t 0 0  

. . . . . . . .  .kelvin rniirr I X ~  wau . . . . . . . . . . . . . . . .  6.938 I13 E t 0 0  
krluin mdrr*prr moll: K.m*/W 

'F.h.lc4Btu (In,. TahlcJ 

'F. h.iP1Btu (Ihcrmorhcmid) 

(10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kIl"inmLlcrrprwau . . . . . . . . . . . . . . . . . . .  2 . 0 0 3 7 1 2  E.01 

(x, thermai mriltancc~ . . . . . . . . . . . .  .kelrinmcsrlpcrrsu . . . . . . . . . . . . . . . . . . .  1.761 102 E-01 

(R, ihcrmal rciiblaiicc). . . . . . . . . . . . . . . . . . .  kclvin mcirr2 pcr waii  . . . . . . . . . . . . . . . . .  1.762 280 8-01 

LENGTH 
meter; m: Imglh: S.I. borir unit, 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  angstmm .me,rr(m). 1.000000'E-I0 
a,,mnnmia1 Innil mrccr(=J . . . . . . . . . . . . . . . . . . . . . . . . . . .  L4YSY79 E, ! !  
chain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  m.,..(m) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.011 6 8 1  E t 0 1  
rahom . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  mclcr(m~ . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.828801 E+OO 
irrmi(rmtomcter). . . . . . . . . . . . . . . . . . . . . . .  .mc lcr (m~.  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.000 OOO'E-IS 

root . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . m e c r r ( m ~ . . . . .  . . . . . . . . . . . . . .  3.048000'E-01  
rwt (us .YNCY). . . . . . . . . . . . . . . . . . . . . . . . .  .macr(rn) . . . . .  . . . . . . . . . . . . . .  3,048006 E-01 
inch . . . . . . . . . . . . . . . . . . . .  . . . .  .me,"(m) . . . . .  . . . . . . . . . . . . . . . .  2.540000'E-02 
light ycar . . . . . . . . . . . . . . . .  . . . .  .mc,cr(m) . . . . .  . . . . . . . . . . . . . .  9 . 4 6 0 5 5  E+15 

microinch.. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  2 . ~ 4 0  oon.~-n8 
micron . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .mc,er (rn) . . . . .  . . . . . . . . . . . . . . .  1.000000'11-06 

. . . . . . . . . . . . . . .  2 . 5 4 0 0 0 0 . E - 0 5  
. . . . . . . . . . . . . . . . . . . . . . . .  1.852000'E+03 

mil~(USnzuticalJ . . . . . . . . . . . . . . . . . . . . . . . .  mncr(m) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ! .852000'E+03 

. . . . . . . . . . . . . . . . . . . . . . . .  1.609347 E103 

parser.............. . . . . . . . . . . . . . .  rnnrr(m) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 . 0 8 5 6 7 8  E i l 6  
piCa(pemcr'8) . . . . . . . . . . . . . . . . . . . . . . . . . .  .mmrr(mJ.  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.217 518 E-03 
p i n t  (printer'') . . . . . . . . . . . . . . . . . . . . . . . . .  . m m r  (m) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.5 I4 598'E-04 
md . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  mncr(m) . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.029210 E100 
yard . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  .mercr(m). . . . . . . . . . . . . . . . . . . . . . . . . .  9,144 000'11-01 

LIGHT 
rond?lo: rd; luminous mrmnty; s.1, baric unll. 

r o n d h  per sqmw mnrr;  cdh'; lummnncc S.1. drtivrd "na. 
<dim'. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  a d &  pcr rncter2((cdlmi.. . . . . . . . . . . . . .  1 . 5 5 0 0 0 3  E103 
rwdmben . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . a n d &  meter7 (rdlm2). . . . . . . . . . . . . . .  3.426 259 E I O O  

. . . . . . . . . . . . . . . . . . . . . . . .  mile (intrmationa!). . . . . . . .  1.6093+4'E+03 
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To conmrfmm T O  Mulrcply bv 

foo,nndlc . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ,lux ox). . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.076 391 EiU1 

cmdela per mncrz (dim'). . . . . . . . . . . . . . . .  . 3 .183  099 E+03 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  rand.l.permc~cr% (rdlml). 1 . 0 0 0 0 W ' ~ ~ + ~ ~  lunk, 
d b  . . . . . . . . . . . . . . . .  

lmm; lm: ruminOurflur; <dVT; S.I. derived unil. 
lumrnprr sq'I"r< mctlr: Imiml: drtiurd S.1. unit. 

I-; Is; Idm*; iliuminlinw S.I. drivrd unit. 

phot . . . . . . . . . . . . . . . . .  .IYmm per mcttrg . . . . . . . . . . . . . . . .  

MASS 
kilogram: hg. S I .  baric und 

E _ (  (mrtnc) . . . . . . . . . . . . . . . . . . . . . . . . . . .  Liliigram (kg) . . . . . . . . . . . . . . . . . . . . . . . .  2.000 000'E-04 

gru" . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ,kiliigram (kg) . . . . . . . . . . . . . . . . . . . . . . . . .  1.000 000'E-03 
hnndmdw~sh,(long). . . . . . . . . . . . . . . . . . . . . .  kilogram(Lg). . . . . . . . . . . . . . . . . . . . . . . . . .  m0 23s €Iu1 

hun&dreig~,(,holt) . . . . . . . . . . . . . . . . . . . .  .kilogram(kg). . . . . . . . . . . . . . . . . . . . . . . . . .  .4.535 924 

gm," . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  . L ~ I , , ~ ~ ~ ~ ( L ~ ) .  . . . . . . . . . . . . . . . . . . . . . .  .6.479 891'E-05 

. . . . . . .  .kilogram (kg) . . . . . . . . . . . . . . . . . . . . . . . . . . .  g.806 bS@'E+OO kgf allm (ma,s) . . . . . . . . . . . . . . . . .  
ouncelauo;rdup,i,) . . . . . . . . . . . . . . . . . . . . . .  .kilugram(tg).  . . . . . . . . . . . . . . . . . . . . . . . .  1.834 952 E-02 

pcn,2rvejKh,, . . . . . . . . . . . . . . . . . . . . . .  .kilopm(kg). . . . . . . . . . . . . . . . . . . . . . . . . . .  1.555 174 F.-03 
ovncc(,,").urnpo,h~~;r).) . . . . . . . . . . . . . . . . .  kilogram(Lg) . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 . I l U 3 4 8  E-02 

pund(.ruirduF,rir) . . . . . . . . . . . . . . . . . .  ..kllogTam(Lg) . . . . . . . . . . . . . . . . . . . . . . . . . . .  f.535924 x-01 

$lug . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .kilopram(LK). . . . . . . . . . . . . . . . . . . . . . . . . . .  1.459 390 E+Ol 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . k i l o q r m ( k ~ l . .  . . . . . . . . . . . . . . . . . . . . .  .2.916 667 € 4 2  

,nn(lomg,2240~],) . . . . . . . . . . . . . . . . .  .k; lngnm(kp). .  . . . . . . . . . . . . . .  1.016017 Eio3 

pavnd(,roloropo,hcrs.y) . . . . . . . . . . . . . . . . .  kilngam(kg) . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.732417 E-01 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  

odr,, .kiiogmnl pr mctcri (kgfmi). :I.osl 517 E-01 

Ibli,z.. . k i ~ ~ ~ , ~ . ~ ~ . ~ ( ~ ~ i ~ ~ ) .  . 4 . n 8 2  428 E+oo 
+ j 2 ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .Lihgamprmctrr'(kgim')...  . . . . . . . . . . .  . . 3 . 3 9 0  575 6-02 

MASS PER UNIT CAPACITY [.$e MASS PER UNIT VOLUME) 

MASS PER UNIT LENGTH 
Kilogram per meter; kgfm 

d r n i c r , ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .kilogrampcrmncr(kglm). . . . . . . . . . . . . . . . .  l.lll 
lhli, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .Lilogrunpcrmeor(kglml . . . . . . . . . . . . . . .  164 

, ~ L  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . k l 1 ~ ~ . ~ . p e r m c t r r ( k g l m )  . . . . . . . . . . . . . . . .  ,1.QQQ llQ0.E-06 
lhl;n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  iilogrvnpermctrr(kglml . . . . . . . . . . . .  ....1.785797 

perm (0 q. . . . . . . . . . . . . . . . . . . . . . . . . . . .  L i l o p m  per pascal second m c i d  
[kgl(Pa.a.m?)l. . . . . . . . . . . . . . . . . . . . . . . . .  5.721 35 E - I 1  

p m n ( 2 3 a ~ ) .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  .kilogram per p a d  rscond m e w *  
jk~f(Pa.8.m2)). . . . . . . . . . . . . . . . . . . . . .  5.74525 E - l l  

pDmi m o n d  mdrr;  hcf(Pe.s.4 

pcm,.in (0 ac) . . . . . . . . . . . . . . . . . . . . . . .  .kilogram pcr paca1 secund m c t ~ r  

9 ~ )  . . . . . . . . . . . . . . . . . . . . .  kilupm pcr paca1 r w n d  m m r  
Ikgl(Pa.,.m)[ . . . . . . . . . . . . . . . . . . . . . . . . .  .I.45929 E-12 

,'g,(P..,.m)[ . . . . . . . . . . . . . . . . . . . . . . . . .  . 1 .45322  E-12 

p c ~ .  in 

hflogg..m pev m o d  kgh. 

Ib& . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .kilogram per second (kglr) . . . . . . . . . . . . . . . . .  1.259 979 E-04 

Ibl , ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .kilogram per secund (Lgfr) . . . . . . . . . . . . . . . .  4.535 924 E - 0 1  
,on,8honp . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kilogramperlcrond(kgls! . . . . . . . . . . . . . . . .  2.519938 

. . . . . . . . . . . . . . . .  . . . . . . . .  . ~ i ~ ~ ~ ~ ~ ~ ~ c ~ m d ( k ~ I ~ ) .  7.559 873 E-03 lblmin . . . . . . . . . . . . . . . . . . . . . . . .  
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Ibihph 

MASS P E R  UNIT VOLUME (Includes DENSITY and MASS CAPACITv 

kilogram per <uh<r meter: kslm? man dmnnry. d."rx S.1. dcnurd vnrt. 

h i l w m  p n  parco1 rrrond $quam mtur: kgl(Pa.s.m*] 

(SFC. 'pccific furl ronrumprion) . . . . . . . . . . .  kilirgrani pr jdc(kgiJ)  1.689 659 ~ - 0 7  . . . . . . . . . . . . . . . . . .  

midgal IUS liquid).. . . . . . . . . . . . . . . . . . . . . .  kiloprm pr mcrcri (kglm') . . . . . . . . . . . . . . .  . I . ]  I I 806 E - W  
gl~m' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .hi lopamprmarr~(kglm?. . . . . . . . . . . . . . . .  l.O0Ou0O'B+o3 
oz(arnidupoisYgal(UK liquid]. . . . . . . . . . . .  kilovam p r ~ n c t c r ~ ( k g 1 ~ ~ 1 . .  -6.236 021 E100 
oz~wei.d~poi8Vgd(US liquid). . . . . . . . . . . .  .kilogram prmcar'(kgim5). . . . . . . . . . . . . . .  .7.489 152 E + W  
az(md.dupois)lin' . . . . . . . . . . . . . . . . . . . .  kilovrm pr m c t d ( k ~ i m ~ ) .  . . . . . . . . . . . . . .  . 1 . 7 2 9  994 E103 
Ihlh'. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kil~~unpcrmrtrr ' (kg1m~).  . . . . . . . . . . . . . .  .1.601 1116 E+OI 
lhlin' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kilopunpimn.r31kaim'). . . . . . . . . . . . . .  2.767 990 E + W  
Ihlgrl(UKliquid). . . . . . . . . . . . . . . . . . . . . . . .  .kilO-prmrtrr'(kgim/mq.. 9.917 633 E+OI 
Ihlpl(US1iquid) . k i l o g r a m p r m ~ ~ e ~ ~ ( k g l m ~ )  1.198 264 E i 0 2  . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  
Ihiyd'. .ki lommprmc~~r'(kglm.).  5.932 761 E-01 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  
sluglfi'.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .ki lommprmarr'(kglm~],  5.15Y 7811 e + o 2  
Lon OongYyd' kilomm prmctcr'(kglmy, .1 .328  938 E + O ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  
Lon ( rho++ . . . . . . . . . . . . . . . . . . . . . . . . .  kilomm pcr mctc+(kslm~). . . . . . . . . . . . . . . .  1.186 553 ~ + 0 3  

. . . . . . . . . . . .  

. . . . . . . . . . . . .  

. . . . . . . . . . . . .  

PRESSURE or STRESS (FORCE P E R  U N I T  AREA). 
p a d ;  Pa NiM? prrrurr, ~ l r c s i ;  S.1. drn'vrd unit. 

a i m o v h c m ( a m J 4  . . . . . . . . . . . . . . . . . . .  . p a m I ( P i l ) .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  .I.DIJ 2 5 0 . ~ ~ 0 5  
a ~ m v h t = ( ~ = h ~ i d  = I k g h 9 )  . . . . . . . . .  .parcal(Pa] . . . . . . . . . . . . . . . . . . . . . . . . . . .  ,9.806 6 3 0 . ~ ~ 0 1  

m k m r  ofmcrrury@ 'c) . . . . . . . . . . . . . . .  .pa9ca~ (pa) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.335 22 R+01 
c~"[im.ic.ofr=.r(r.C). . . . . . . . . . . . . . . . . .  . p s r c a ~ ( ~ a )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  .9.80ti 38 E + 0 l  
d F l c m 2  . p s s ~ a ~ ( P a )  1.000 ~ O O ' E - O I  
foofnfwmr(JW'F) . . . . . . . . . . . . . . . . . . . .  . p x a i ( ~ a ) .  . . . . . . . . . . . . . . . . . . . . . . .  2,98898 E + ~ J  
p".h,rcdcm' . . . . . . . . . . . . . . . . . . . . . . . . . . .  paual(Pa) 9.Ra6630~Et01 
' n c h o ' m m u r ? . r ( 3 2 ~ ) .  
i"=h"fmCrCUI?(60"F) . . . . . . . . . . . . . . . . . . .  .parcrl(Pa) . . . . . . . . . . . . . . . . . . . . . . .  . . 3 . 3 7 6 ~ 5  ~ + 0 3  

2.490112 E t 0 2  
inchofwrr(60'F).  . . . . . . . . . . . . . . . . . . .  . p a n ~ a l i p ~ ) .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 . 1 ~ ~ ~  

b a r . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ps*cal(P.l . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I.000 O O O ' E i O l  

, p 3 ~ a ~ ( P a ) .  . . . . . . . . . . . . . . . . . . . . .  
.3.3nti 38 E+"? 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  

i m h d w a m ( 3 9 . z " F )  . . . . . . . . . . . . . . . . . . . .  P*d (Pal . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E + ~ Z  



/ 

dcgrreCl,,;ur . . . . . . . . . . . . . . . . . . . . . . . .  kdvin(K) . . . . . . . . . . . . . . . . . . . . . . . . . . .  . T h = l r : + 2 7 3 . "  
. . .  k.lnn(K). . . . . . . . . . . . . . . . . . . . . . .  r c = ( h + 4 S . l . G i y l . 8  

I 
. . . . . . . . . . . . . .  

dcgm Rankinc . . . . . . . . . . . . . . . . . . . . .  tcl";"((K), . . . . . . . . . . . . . . . . . . . . . . . .  TL =l.. l l .8 
dcF Yshrcnhc;t. 

. . . .  I 

T O  To conurrrfim 

pnsca~(va) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9.806 650'E+M 
kgfirn' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .pr.ral(va) .  . . . . . . . . . . . . . . . . . . . . . . . .  9.80665O'E+OO 

v.qcsl(ps) . . . . . . . . . . . . . . . . . . . . . . . . . . .  9.806 GSO'E+06 
; , . , , , , , , , , , , , , ,  . . . . . . . . . . . . .  p.rz1(Va) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.894757 E+@6 

r.ral(p" . . . . . . . . . . . . . . . . . . . . . . . . . .  1.000000~E+02 
mill;mncr O,mrrr"v (O'C). . . . . . . . . . . . . . . .  .par<nl(Pa) . . . . . . . . . . . . . . . . . . . . . . .  1.333 22 E+02 

vascc.l(pa) . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.488 I64  E+!! 
IbCif l ' , , , . ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . p m l ( P . ) .  . . . . . . . . . . . . . . . . .  . . ' " " . ' . 7 8 8 0 2 6  

,vncsl(pa), . . . . . . . . . . . . . . . . . . . . . . . .  6.894 7 5 7  
,oaral(ps). . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.894 . "  7 - -  

kgflcml . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

kgrimmi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

rnill;b&r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

povndallf!2. . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

krlufn m d l  

iriu,n syunrr ,"a?. P" W d (  

drgrer Cllnul: 'c 
. . . . .  ..,.,: ='rK - 2 7 3 . 1 5  . . . . . . . . . . . . . . . . . . . . . . . . . . .  . d e . v  Cclrivn . . . . . . . . . . . . . . . .  

dcFsahmhci,,, . . . . . . . . . . . . . . . . . . . . . . .  depeCellivr . . . . . . . . . . . . . . . . . . . . . .  . , 1 T = ( " T - 3 2 Y 1 ' 8  

I' 
TIME 

1 I,rond; I: S. I .  b a s k  Unit. 

. . . . . . . . . . . . . . . . . . . . . . . . . .  I . 2  

E"nC,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  tqucrrl(Bqj . . . . . . . . . . . . . . . . . . . . . .  3.70000o'E+10 
rrd(abnorh dd,, 3Cj . . . . . . . . . . . . . . . . . . .  .p7(GcI) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.OOOOoO.E-02 
rrm(da~cr("i"&n,, . . . . . . .  ~, . . . . . . . . . . .  nr"c"(s") . . . . . . . . . . . . . . . . . . . . . . . .  I.oOoO@'3.E-02 
rnrn,grn,, . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .c~ulombper kilogrrm(C1kg). . . . . . . . . . . . .  2.58 E-04 

day(mcan,ola,), . . . . . . . . . . . . . . . . . . . . . . . .  ,crond(.). . . . . . . . . . . . . . . . . . . . . . . . . . .  8.640°00'E*04 
day(,iderc31j . . . . . . . . . . . . . . . . . . . . . . . . .  .wcond(s). . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.61G4@9 
hour, ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .Pc~ond(r),  . . . . . . . . . . . . . . . . . . . . . . . . . .  3.600@00'E+03 hourla;dcrral) . . . . . . . . . . . . . . . . . . . . . . . . . .  .recond(i). . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.590 

minu,c(ridcrral), . . . . . . . . . . . . . . . . . . . . . . . .  . a m n d ( i ) .  . . . . . . . . . . . . . . . . . . . . . . . . . .  5.983 
,rrond(aidcrc.l), . . . . . . . . . . . . . . . . . . . . . . . .  .arcond(,) .  . . . . . . . . . . . . . . . . . . . . . . . . . .  .4.372696 E-01 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  acond(3). . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 .00@000'E-08  
ycu(365hyr) . . . . . . . . . . . . . . . . . . . . . . . .  ,acmnd(s) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.163600'E*07 
~ c ~ c . r ( y d c r r a ~ ) ,  . . . . . . . . . . . . . . . . . . . . . . . . . .  .wcund(p). . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.1s5 

. .  .xond(l). . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.000000'Ei01 mi"Ytc . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E*o' 

hihakc 

3.155693 E107 ucsr(,ropical). . . . . . . . . . . . . . . . . . . . . . . . . . .  mend($. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



810 BEETSUGAR TECHNOLOGY 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  m - w x m d ( m l s J  .a166 667 E - O ~  
rub 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  mcLcr PC' xcmd (mhJ .s.080 W O ' E - O ~  fdmin 

inin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  mckrwrscrond(mirJ.. . . . . . . . . . . . . . . . .  .2.5+0 000'8-02 kmih . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . m a t r p r  mund(mis) . . . . . . . . . . . . . . . . . . .  .2.777 
'"o'6"'mationaj) . . . . . . . . . . . . . . . . . . . . . .  marrprr~rond(mfs )  s.j(, F . . ~ ~  

F n [ e m a h d )  ...................... .mnrrprlrcond(misj . . . . . . . . . . . . . . .  .t.t70 

milmvl @"tcrn=timal) . . . . . . . . . . . . . . . . . . .  mcrcrpr*ccond(misj . . . . . . . . . . . . . . . . . . .  .?.682 240' 
miir (i"lcrn.LiDn.1). . . . . . . . . . . . . . . . . . . . .  mcmpr=cond(mbJ. .  . . . . . . . . . . . . . . . . .  .1.609 314. 

. . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . .  
fda . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  mnrrprxmnd(mi6) . . . . . . . . . . . . . . . . . . .  .3.048 O O O ' E - O I  

. . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  P u c d  acmnd(Pa.3) ..I.OOOOOO~E.O~ 
m n t i p i x .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  P'SCal Wand (Pa.8). ..1.188 161 EIOO pundal.aifP 

. . . . . . . . . . . . . . . . . . . . . . . . .  p w a l  xcond(P=.r) . . + . 1 3 3  789 E - O ~  
1bIfr.h.. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  p a d  amnd (Pa..). ,1.488 164 &+no 1biS.s. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Pascal snood (Pa..) .1.788 026 8101 IbT.*lh* 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  . .paac=l scrund (Pa.*). . . . . . . . . . . . . . . . . . . . .  .6.89+ 757  E+"S I b r d i n '  

. . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . .  pia . . . . . . . . . . . . . . . . . .  pu-1 second (Pa.,). . . I . O O O O O O ' E - ~ I  

. . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . .  

,.I,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  mCf@ pc' mond (mVsj.. . . . . . . . . . . . . . .  ~ . o o o o ~ ~ ~ ~ o ~  mdsrokca 
. L ' D  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .ILitcP pc: arcmd (mXl7j 9.2011 104 '~ -02  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  meterz per second (m%j.. I.OOOOW~F,-O( *to!w. 

1 per poxo! rrcond; 7fPa.,. 

. . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  rhe 

VOLUME (Includa CAPACITv 

. . . . . . . . . . . . . .  . . .  I p r p n c a l * c r ~ n d  . . . . . . . . . . . . . . . . . . . . . .  I . W W O ' E + O ~  

mater': "9; cubic mrtrr; S.!..dmtiurd unit. 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  .mCtcr'(m'I... . 1 .233  489 E + ~ I  
1.589873 E-01 

acm.Io0'. . . . . . . . . . . . . . . . . . . . . . . .  
barr=l (dl. 4 2 ~  . . . . . . . . . . . . . . . . . . . . . . .  .mci, ,~(mq..  . . . . . . . . . . . . . . . . . .  
t w * f " O '  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  mcLe"(m').. . . . . . . . . . . . . . . . . . . . . . . . .  , , - p , 3  59737 e.o9 

buahrl (US) . . . . . . . . . . . . . . . . . . . . . . . . . . .  metcr'(m3J.. . . . . . . . . . . . . . . . . . . . . . . . . . .  3.523 907 &02 

nuid ouncc(us). . . . . . . . . . . . . . . . . . . . . . . .  mcr=r'(m'J.. . . . . . . . . . . . . . . . . . . . . . . . . .  .2.957 353 8-05 

P"'(US) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  m C w ( " q  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  j82911 E.O+ 

oun=(UKfl"id) . . . . . . . . . . . . . . . . . . . .  .melcr'(m~). . . . . . . . . . . . . . . . . . . . . . . . . . .  , , 2 ,8+1  307 

peek (US). mcaa(m') . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . .  

. . . . . . . . . . . . . . . . . . . .  2.365 882 E-01 ( U P  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . m a r r ' ( m l ) . . . . . . .  

8 a l h  (C.udinn liquid) 

8all"n (US liquid). . . . . . . . . . . . . . . . . . . . . . . .  .mctcr-( 

S' . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  .mCICr' (m'). . . . . . . . . . . . . . . . . . . . . . . . . . .  .2.83 I 683 E-02 . . . . . . . . . . . . . . . . . .  1.516090 E-03 
8all*n(UKliq*id) . . . . . . . . . . . . . . . . . . . . . .  . . m c a r ~ ( m ~ j , .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  +,5(6092 E.O3 
Ea!lo"(USdrYJ . . . . . . . . . . . . . . . . . . . . . . . . .  mc~c+(mq . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,10188,  E.03 

3.785+12 E-03 
gill Vi.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  mca*(m'). . . . . . . . . . . . . . . . . . . . . . . . . . .  ..1.+2065~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.638 706 E-05 m' mcccr' (m?. . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  mmr'(m'j. 1.OWOWE-03 
lit" . . . . . . . . . . . . . . . . . . . . . . . . . .  

2.951 353 t - 0 5  mer (Us fluid). mctc?'(m'). . . . . . . . . . . . . . . . . . . . . . . . . . . .  

plnt (US dv) . . . . . . . . . . . . . . . . . . . . . . . . . . .  mCw(m' ) .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  .5.506 105 E-01  
.4.73 I 761 E-O+ Pint (US liquid) 

sun (US d 7 )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  m c w ( m ' )  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . i . l ~ i  22j ~ - 0 3  

.mcrcr3 (my, . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . .  . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.809 768 8-03 

. . . . . . . . . . . . . . . . . . . . . . . . .  mnrr' (m'i. . . . . . . . . . . . . . . . . . . . . . . . . . . .  



81 1 S.I. SYSTEMOFUNITS 

T O  Mulccpry by To catusrrfrorn 

. . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  qun"(U~[;quid) .macri(m,). 9.463 529 E - 0 k  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . m c o r x ( m s ) .  1.418676 E-OS 
s,ICrC.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . m c o r ~ ( m q . ,  . . . . . . . . . . . . . . . . . . . . . . . . . .  1.000OOO'E*QQ 

traapaon.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .meora(m)). . . . . . . . . . . . . . . . . . . . . . . . .  4.928 922 E-06 
rqn(rrpi8m~). . . . . . . . . . . . . . . . . . . . . . . . . . .  .merrrs(m~). . . . . . . . . . . . . . . . . . . . . . . . . .  .2.831685 E-I0  
r d > .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .mscr,(ml). . . . . . . . . . . . . . . . . . . . . . . . . . . .  7.645549 E-01 

ahr mrlrr p o  k i l o p m :  mVkg; $ecflc wlumc; S.1. derived mil. 

VOLUME PER U N I T  TIME (Includa FLOW 

m < w  $7" j o v l c  "W 

. . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ft'lmin .mser~pcrrrrond(m'ls). 4.719474 E-04 
wiS .m~ar'pcrrrond(m'l,) .  2.831 685 E-02 
inllmin., . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . m ~ ~ c r ~ p c r ~ c ~ o n d ( r n ' l . )  2 .731  I 7 1  E-01 
)dlirnin .mcrcripc. .ccond(msi.). 1.274 258 E-02 
gal(US liquidydq.. . . . . . . . . . . . . . . . . . . . . .  .mrccr'p~r rccond(rn'1r) 4.381 264 E-08 
gnl(US IiquidYmin . . . . . . . . . . . . . . . . . . . . . .  .mccer*pcr rccond(rnVs). 6.309 020 E-05 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  

WORK. (k ENERGY) 

S I .  Prefix" 

Hultipliorion Factor P r e l i X  spbo1 
I 000 000 ooo 000 000 oon = 1018 cxa E 

I 000 000 000000 000 = 10,' Fea P 
I 000 000 000 000 = IOCP <era T 

I 000 ooo oao 1 0 9  $gas c 
I 000 000 i 1 0 3  mega M 

IO00 i 108 k i h  k 
100 = 102 hmob h 
10 = 101 d c d  da 

0.1 10-1 d d  d 
0.01 i 10-2 C."tib 

0,001 i 10-3 rnilli m 
0.000001 i 10.. micra 

0.000 000 000 001 = 10." pic0 P 
0.000 000 000 on0 001 = lo-" fcmm f 

Y 
0.000 000 001 i lo-' 

0.000 000 000 000 000 wi - 10- 

nnmr 

a110 

. Pronounced "jigr." 

6 To be nmidcd nhcn practical. 
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Adsorbate, def, g/ossory 
Adsorption, def., g/orrary 

isotherm. 335-6 
Afhtion. def., g l ~ ~ ~ ~ ~  

in low raw, 466.7 
magma, def., elossarv 

~. . ." 
AI;, ambient, sfandards, table 664 

~ b ~ b b l e r  level gauges, 7 1 0  
cleanup program, 670 
environmental, 663-70 
noncondensable removal, 357.8 
pollutants, 664.5 

Airslide car, figs., 512.3 
Alanine 4 7  

pond systems, 686-8 
Algin, 247 
Algorithm, 706 
Alkalinity, and n p h m  

fig. 256 
de[, glosrory 
effective, 256 
excess, 272 
natural, 254.5 
Of first carbonation, and ciarifica. 

tion, 235-6 
optimum, I 70, 255 

determination of, 255.6 
process, 256.8 

Alkali reserve, 254 
Alkyl carbonates. 164 
AlkYlene dichloride. polyamine pro. 

ducts, 245 
Allantoic acid, 55 
Allantoin, 54.5 
Alluvial, def.. ~ I O S S ~ ~  
Alma, Mich., factory, 786 
Alpha-naphthol, 690 

Alston purif. process, 220 
Aluminum clarification procedure, 68 

-sulfuric acid reaction, 553 
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Alvarado, Calif., factory, 783 

Ambient air, def., 670 
American National Standard Inst., 

Amides. 254 
Amino acid, de[, 46, 52 

complexes with Ca. 46 
in juice purif., 197 
linkage in proteins, 52 

-lines, def. glormry 

salts, 51-2 

Amalga, Utah, factory, 792 

674 

Ammonia, 45 

Ammonium carbamates, 164 

Amorphous, def., glorrory 
Amphoteric. def., 46 
Anaerobic, de[, glorrory 
Anaheim, Calif., factory, 791, 794 
Anamet process, 682-3; fig., 683 
Angle of repose, def.; glorsory 
Anion, del., glossary 
ANSI, de[. 674, 691 
Antimony, 690 

electrode, fig.. 203 
apc, def.. glossary 
Aphonomyces, I O  
Aphid, 10 
Apoglucinic acid, 30 
Apoplast, def., 2 1 
Apparent purity, def.. glossary 
Araban, 36 
Arabinose, 2630 
Amer-Silver spiral pinch roll. fig., 

Arrhenius equation, 409 
Arsenic, 690 

in sugar, 551 
Asbestos, 690 

air pollutanl. 670 
Ash, del., glossary 

high, 560.1 
in coal. 641-2 
in gran. sugar, 551 
in sugarbeets, table, 59-60 

102 

Asparagine. 254 
Aspartic acid, 46.49 
Asymmetric, de[, glossory 
Asymptotic, def., glorrary 
atto, def.. S.I. Appendix 
Attrition, - collision nucleation, 403 
ATV clarifier, 232-5 
Auxochrome% 270 

Avadex. 9 
Azbe oil-fired kiln, fig., 575 

-Ultimos. eas-fired kiln. fie.. 572 . -  " .  
Aziridine, 245 
Bocillur srcarorhermophilus, 725 

sublilir, 32, 725 
Backmixed crystallizer, def., glossary 
Backwash characteristics. ion exch, 

Backwashing, ion exch.. 315-6 

Bacteria, growth ranges, table, 724 

fig., 320 

problems, 322-3 

in liq. sugars. 736 
life cycle, fig., 729 

houses, air cleaning, 666 
Bag filters, de[, glossary 

Balanced valve plug, 7 1 I ,  fig., 7 I2 
Bar, def., glorrnry 
Barneby-Cheney scenametcr, 673 
Bar screen. def., glossary 

guide, del.. glossary 
rocker, dd., glossary 
side, dcf., glossary 

Base, def., glossary 
Basin. settling, del.. glossary 
Basket, bottom-closure centrifs., 479 

conical, fig., 480 
design. centrifs., 472-3 

Baskets, available, table, 474 
Batch centrifugals, 470-9 

coolers, dcf., glossary 
sugar boiling, 422-9, 43 1-5 

cells, juice in, table, 134 
of raw centrifs., fig.. 480 
of white cent&., fig., 482 

Bayard, Neb., factory, 792 
Bay City, Mich., factory, 785. 786, 

Bazcek and Jesic, opt. alkalinity. 205 
becquerel, def., S.I. Appendix 
beeqs), above-ground cooling ducts, 

Battery. 132-4 

787 

fig.. 94 
below ground, fig., 95 

bins, def., glorrory 
botany of, 1-2 
cells, parenchyma, 19 
clean, percent, def., glossary 
conveying. 105-6 
crop rotation, 6-7 
crown, 15 
Dalton trash catcher, I IO; fig., 110 
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Beet@), cont. 
deep frozen storage, 93-4 
degraded, processes for. 194-7 
dehydrated, dcf.. glossary 
diseases, 10.1 1 
Elfa-Apparate trash catcher, fig. 1 1  

nozzles, fig. 104 
end, del., glossary 
factory receiving equip., IO 1-2 
fanged, def., glossary 
fans and intake ducts, fig., 94 
feeders, def.. glossnry, 108 

radial spoke, fig. 108 
fertilizers, 6-7 
fmal cleaning, 108 
flat slah storage, fig., 103 
flumes, def., glossary 

and A-frame bins, fig., 103 
microbiology, 726-7 

frozen deep storage, 93-4 def., 
glossary 

good sampling, 66-7 
growth character of, 1-3 
hypocotyl, 18-19 
insect control, 10-11 
irrigation practice, 12-13 
knife, 146-7 

cutting edges, fig. 147 
def., glossary 
in action, fig., 147 
rc i t irg ,  i49 

leaf blades, I 7  
leafhopper. IO 
leaves recovery, 1 13 
marc, 19 
net weight, 65 
nitrate test, 7 
particle recovery, 1 1  3 
payment for, 55 

pile, def., glormry, fig., 82 
piling, 82-3 

plant, 17.20 

prelim. to process, 101-114 
pump, def. glossary 
purchased statement, 753-5 
purchase of, 2 
quality improvment, 7-8 
rail car unloading, fig., 105 

receiving hoppers, 104 

petioles. 1 7  

practices, 81 

planting, 4-5 

rasp, def., glossary 
receiving, Crookston. Minn., fig. 82 
reclaiming from storage, 83 
Reinks screen, 101 
Ridinger, 105 
roots, fig., 2 
true. 18 
saws, def., glossary 
screens, def., glossary 
seed beds, 4-5 

shoots, 17-8 
slab. def., glossory 
slicer, 148-9 
slicing. 146-9 
sound, def., glosray 
spiral roll dewatering screen, fig., 
101 
storage, 81-99 

monogerm, multigerm, pelletd, 4 

effect of climate, 81 
long term, 81-95 

sucrose formation, 17-64 
thinning methods. 11-2 
tops. handling, 15  
trash catchers, 11 0 
variation in a row. tables, 66 
ventilation ducts, fig. 93 
washer, def., glossary 

Dyer, 111, figs.. 111-3 
oscillating tray, 112 
Silver, 112-3 

washing, 11  I 
weed control, 8-9 

wet unloading rail car, fig., 105 
wheel, def., glorroy,  fig,, 107 

Belgian lime kiln, 567; fig.. 568 
Belle Fourche, So. Dak.; factory, 792, 

795 
Bellingham, Wash., factory, 7 9 3 4  
Belmond, Iowa, factory, 793 
Benning, carhonator, 202-3, fig. 202 
Benton Harbor Michigan., factory, 

Berge continuous diffuser. 134 
Berge, Julius, 134 
Berlin, Ont., factory, 797 
Berthier, Que., factory, 797 
Bcrthierville. Canada, factory. 508. 

Beryllium, 690 

seedling nos., tables. 8 

786, 797 

784 

as air contaminant, 670 
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Betaine, in molasses. 45,54357,617 
Betanal. 9 
Beta-naphthol, 690 
Betanex. 9 

Boron, 60 
Bosh, def., 568 
~ ~ t a n y  of beets, 1-8 
~~~~l~~~ liq. sugars, micr. stds., table. 
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Brix, cont 
254 ~. . 

Brown sugar, def,  glossary 
cartoning, 521-2 

Browning reaction, 46.56 
Briniche-Ohen formula, I 25 
Brush, Colo.. factory, 789 
Buckau-wolf. contin. diffuser, 

fig., 142 141; 
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, . 
Cation, def.. glossary 

exchange regen. levels. fig., 319 

innuence on sucrose soly.. 326 
resins, inversion by, 538 

consoles, 699 
centrifugal, basket. 472 

472-3 
table, 474 

batch separator, 470-9 
battery of fully-auto. raw. fig.. 482 

white, fig., 482 
com,,armented Stevens Coil. fig., 

operations. table. 476 
washmg performance c u m .  fig., 

249 
equipment. 229-235 
factors affecting, 235-7 
first carbonatIan options, and ~1~ 

cap., table. 233 
nocculating agents, 247-50 
juice density. 236-7 
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Clarification, cont. 
lab. tests for tray-type, 241-2 
settling aids, 243.50 

acrylamide derivatives, 2 4 3 ~ 6  
chemical development of, 243 
naturally-occumng, 243 
types of curves. fig., 236 

Clarifier, overflow, def., glos.-zy 
underflow, def., glossary 

Clarksburg, Calif., factory, 792,795 
Clean Air Act, 664 

beet conveying, def., glossary, 
113-114 

Climate, eNect on beet storage, 81 
Clinker, def., glossary 
Closfridium thermohydrosuljuricum, 

725 
fhermosoccharo!vIicum, 725 

Coal, as bailer fuel, 640-2 
-grate distribution, 667 
types, 667 

Coaticook, @e.. factoy, 796 
Coca-Cola test. 552 
COD def., glossary; 687, 691 
Codex Alimentarius Standards. 562-3 
CoeClevenger test, 24 1-2 
Coefficient of variation, def,  504 
Cold filtrate, def., glossary 

-saccharate formation, 605-7 
filters. 601-2 
wash, del., glossary 

Colloids, def., glossary 
Color and lime salts in jce. purif., 180 

turbidity of sugar s o h ,  565-6 
high sugar, 558-9 
in juice purif., 197-8 
problems, ion exchange, 323 
stability in storage, 561.2 

Coloring materials, 56 
Columbia Basin, Wash., factory, 795 
column tests, activ. carbon, 337-9 
Combustion, heats of, table, 644 
Complexon, 255 
Composition in sugar quality, 549.55 

Computer, process, 705-8 
Concentrated juice stgc, Bucy-le-Long, 

Hereford Tex.. fig. 296 
Concentrator. de f ,  glossary 
Concrete bulk bins, 505-9: fig,, 506 
Condensate, def., glossary 

of sugarbeets, 25 

fig., 297 

Condenser, def., glossay 
Condenser water, def.. g l o u a y  

Conditioning, sugar, 508-10, 550.1 
Conductance and suprsatn.. 396 
Conductivity, 389 
Confectioners' sugar, def., glosmry 
Conglomerate, dcf., glossary 
Conglomeration, 427 
Coniferyl alcohol, 36 
Contact time, activ. carbon, 336 
Continuous carbonation, 198-203 

waste, 685-6 

Dorr system, 198.212 
centrifugals, 479-83 
countercurrent bcds. ion exch., 30% 

10 
processes, fig.. 309 

cell-type, flows in, fig., 134 
operation, 144.6 

diNuscrs, 134-44 

loop ion exch. contractor, fig., 308 
Continuous seeding, product size, fig., 

440 
Control, beet flow, 713 

checkout for new plant, 704-5 
consolidation, 669-73; table, 700 
devices, 711-21 
diffusion, 713, 716 
equip. moving beets inio factory, 

evaporators, 717; figs., 717-8 
first carbonation, 716; fig., 717 
instrument abbrev. and svmbols. 

fig.. 713  

table, 714-5 
loops in factory, 7 13-2 I 
machinery and equipment, 694-9 
milk of lime station, 719; fig.. 719 
proccss, 693-721, 741-58 
pulp drier drum furnaces, fig.. 720 

presses, 719-20; fig., 719 
system startup, 704 

sugar end, fig., 456 
types of, 695-9 
vacuum pans, 717:  fig., 718 
valves, 71 1.2; fig., 713 

Convertible processes, first carb., 
194-7 

Conveyors, sugar, fig., 507 
Cooperatives, grower-owned, 3 
C o p p r  in sugar, 5 5 1  
COrCoran, Calif, factory, 785, 790, 

794 
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Cornish. Utah, factory, 793, 795, 797 
Corrosion, contin. diffusers, 145 
Cossettes, 127; def,, glossary 

flow in cell-type contin. diff., fig. 

permeability, fig., 127 
scales, 150-1 

table, 343 

134 

Costs, gran. activ. carbon, treatment, 

Cotton fibers, 282 
Cottrell-Jensen modif. Steffeen process, 

C-ratio factors, 551 
Crocketr, Calif., factory, 785, 790. 

Crookston, Minn., factory, 795 
Crop rotation with beets, 6-7 
Cross-linking, def., g l o s n y  
C r o ~ d l .  Mich.. factory, 787 
Crown, def., glossory 
Crystal agglomeration, gran. sugar, 

602 

794 

546.7 
chemistry, 374-5 
formation, 397.408 
g inding  mill, fig., 406 
growth, 408-22 

Crystallization, 373.467 
absolute pressure, 423 

patterns, fig., 425 
accounting, 756-7 
alfnation, 466-7 

Arrhenius equation, 409 
artisan sugar boiler, 43 I 
attrition-collision nucleation, 403 
batch boiling, crystal growth in. 

of low raw sugar, fig., 467 

426-7 

crystallizing equipment, 435-9 
process. 422.3 

patterns, fig.. 425 

batch sugar boiling, 422-9 
boiling patterns with milled seed, 

fig.. 429 
point elevation, fig., 388 
to grain, 425 

bottom drive agitator. fig.. 438 
BPR, 434 
breakingin of grain, 426 
by cooling, 444-57 
calandria designs, fig.. 435 

change in CSD with boiling time. 
and steam pressure fig.. 434 

fig., 422 

ing system. fig., 454 
circulating water cooling and reheat- 

cluster probability, fig., 399 
coefftcients of Vavrinecz equations, 

table, 381 
coherent boundary defects, 415 
conglomerate grain, fig., 426 
conglomeration, 427 

and circulation, fig., 428 
and critical size, fig., 428 
reductions by fluid movement. fig., 

427 
consistency measurement, 396.7 
continuous secondary nucleation, 

fig., 406 
sugar boiling, 439-44 

conuol philosophy. 457 
application. 457 

cooling cycle, 445.8 
and reheat eqn., des. fig., 452 

coordinated sugar-end control 
system, fig., 456 

crystal chemiay, 374.5 
formation, 397-408 
grinding mill, fig., 405 
gmwth, 408.22 

mcchanisms. 412-7 
initiation method$, 397 
lattice, 397 
size distribution, 390-1 

effects. table, 389-96 
sluny. bulk viscosity. 391-2 

fluidity and syrup visc.. 429 
propcrtics. 389.96 

effect of time. fig., 441 

studies, 376-7 
system, cubic, 375 
vol. in c78tal slurry, fig., 392 

crystallizer, dcf.. glossary 
cooling. by, 444-457 
CSD, 390.1 
CV in multi-commrbncnt crysvs.. 

fig., 442 
data logging, 458 
dependence of soly. an N/W. fig., 
1RI 

fig., 442 
data logging, 458 
dependence of soly. an N/W. fig., 
1RI _-. 

dipole soucm, sucrose. fig., 377 
edge dislocations, 4 15 
“Einwnrf” boiling, 406 
embryo critical size, 400 
aergetica, 3 7 3 ~ 4  
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Crystallization, cont. 
energy and stability, fig., 400 
energy barriers and fluctuations 

in boiling to grain, fB., 374 
to change in state, fig., 399 

Fives-Lillc compartment pans, 443 
fjords, 416 
flexibility in equip. usage, 463-4 
flickering clusters, 378 
foot valves. 436 

398-9 

distribution, fig., 398 

. 
forced circulation batch boiling, 
433-5 

full seeding, 425 
four-boiling materials balance, table, 
461 
flow, fig., 462 

Frank’s dislocation screws, 413-4; 

full seeding, 408 
gamma-ray densitometer, 397 
grain boundaries, defects, 415 
gross. net. dcfs., 756-6 
growth charge, 424 

mechanisms, 4 12-1 7 
rates for pure mcrosc, fig.. 409 

solubility equation, 383 

fig., 414 

Grut’s data, 466 

*.dues. ? E l  
hardming h e  grain, 426 
heat transfer in pans, 435 
Henfcld sucrose soly. values, 382 
heterogeneous nucleation, 399-400 
homogeneous nucleation, 401-2 
horizontal cooling clystallizas, bat. 

tery, fig., 453 
ideal batch crystallizer growth, fig., 
390 

idealized product size, contin. 
seeding, fig., 440 

impellers, pan, 437-8 
imperfections and occlusions, 
414-22 

improved crystal yield by precen. 
hfuging, fig., 451 
exhaustion by masaecuite lubrica. 

tion, fig., 451 
impurities, 378 

adsorption and rejection, fig. 419 

inclusion of fonigm particles, fig., 
CffkCtB, fig., 420 

417 
inclusions, 415-6 
incrcmental change in capillary 

influence of pan-drop Brix and yield, 

undiluted molasses recycle. fB., 

water dilution, fig., 465 

radius, table, 450 

figs., 464 

465 

in-place washing, 466 
intcrmcdiate Sam. region, fig., 384 
interstitial defects, 415 
invert sugars and crystal growth 

isopropyl alcohol seed slurry. 405 
Kelvin equation, 407 
Krauss-Maffci conuifugals, 441 
labile, def., 384 
laboratory data, 458 
Lafcuille cooling chart, 446 
Lruconosfoc and dextran, 421 
Limited cooling cycle, fig., 448 
line defects, 415 
location enby feed 8 p p ~  into 

loose boiline. 429 

rates. fig., 418 

massecuite, fig., 424 
I. 

b W m w  wash separation, fig., 467 
MA-CV 390 
magma-type continuous pan, fig.. 

major designs parts of vertical 

massecuitc belt, 435-6 
design, fig.. 436 

447 

443 

a y s t r s . ,  fq.. 455 

consistency and pcrcent yield. fig., 

lubrication, 451-7 
superheat and BPR, fig,, 394 

mass transfer, 408.12 
maturing, 426 
McCabe’s Law, 390 
metastable, def.. 384 
Mier’s chart A d  boiling scheme, 
424-5 
diagram of rapid cooling, fig., 446 
saturation diagram, 383 

Miller indices, 376 
mixed grain, 429 
molasses lubrication system, fig., 

417 .-- 
molecular activity and nystal SUP 

face, fig., 408 



Crystallization, cont. 
compostition in sucrose-water 

system, fig., 386 
neighbors, fig.. 379 

376 
monoclinic system of sucrose, fig.. 

mother liquor exhaustion, fig., 448 

MSMPR, def.. 390 
vlcosity, 448-9 

pans, 439-443 
product removal. fig., 442 

443-4 

431-3 

multiple-tank evaporative pans, 

natural circulation batch boiling, 

net, dcf., glossary 
nudeation by "boiling to p i n , "  

400-1 
full sceding, 403.4 
shock seeding. 402 

orientations of a crystal, fig., 375 
pan bottom, 436-7 

feed symp economics. 465 
impeller 8ystems. fig., 437 

panicle-size diauibution, fig.. 421 
percent, def., glossary 
planar envelope. 416 
plane dcfecta, 415 
point defects, 415 
Poiscuilh equation. 449 
population density. MSMPR crystal. 

P & R rheometer, 393 
precentrifuging flow schemes. fig., 

456 
process flexibility, 460-3 

flow schemes, 458-63 
management. 457 

quality and boiling program. 

properties of solute and solvent, 
374-8 

purity and metastable zone, fig,, 420 
Q l 1  System head curve, fig.. 438 
raf€inose and crystal growth rates, 

Randolph salt-out seed generator. 

Rapid-cool cydc with cool dwell, 

rcfractivc index, 389 

lizcr. fig., 440 

product and seed CV, fig., 390 

427-9 

fig.. 418 

441 

fig.. 453 

refractory syrups, 429.3 1 
relative size of seed, fig., 404 

weighta of seed, fig., 405 
repeatable-step growth, fig., 413 
saturation environment for crystal 

gmwtb, fig., 422 
for nucleation and seeding. fig., 

407 
xcmv dislocations, 41 5 
secondary nucleation, 402-3 
s d m g  environment, 425 
seed slurry preparation, 404-7 
setting the p i n ,  426 
shock grain, 425 
Siemens, viscosity mcasument .  

Silina ratio, 448: figs., 392 
singletank, forced flow crystr.. fig.. 

Smythe equation, 410 
solids defects, 416 
solubility, 380-3 
solution properties, 379-80 
space model of sucrose molecule, 

stacking arrays and crystal faces. 

stirring and crystal-growth rates, 

substitutional defects. 41 5 
sugar-end control and management. 

supersaturation, 383-6 

393 

44 1 

fig., 374 

fig., 398 

figs., 411-2 

457-67 

and dielectric constant, 396 
shock seeding, fig., 401 

supersaturation, by conductance, 
396 
duting nucleation, 407-8 
estimation by boiling point rise, 

393.5 
refractive index, 395.6 
viscosity, 392-5 

surface impurities, 466 
Swmson M: crystallizer. 439 
temperature and viscosity, fig., 393 

rcaponsc to aba. prcssure. fig., 

thick juice qual. and process accep- 

thm.boiling material balance, table, 

423 

tance, fig., 463 

459 now, ri., 460 
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Crystallization, cont. 
tight boiling, 429 
twoboiling material balance, table, 

459 
flow, fq.. 458 

typical bonding sites, fig., 380 
cooling elements, fig., 454 
fast-cooling cycle, fig., 445 

Ulm-Viscon viscosity meter, 393 
upgrading, 466-7 
vacancy defects, 415 
Vavrinecz solubility table, 382 
veils, 4 16 
vertical crystallizer installation, fig., 

454 
S C ~ ~ C S - C O M C C ~ U ~  crystallizcrs, fig., 

455 
viscosity, 386-7 

and supersaturation, fig., 393 
molasses, redn. by impurities, fig., 

387 
viscous drag, 396 

sublayer at crystal surface, fig., 
411 

Volmer exprcssion, 401 
water dilution, 448 

limit of yield. fig., 449 
structure -“flickering clusters”, 

!he solvent: 377.8 
yields and losses, 465.6 

fig., 378 

Crystallite formation in lime calcining, 

Crystals and syrup separation, 468-83 
fig., 580 

orientations, fig., 375 
size cffccts, table. 389 
slurry properden, 389-96 
amdies, 376-7 
SUCIOJe, fq., 545 
systems, monoclinic. 375 

CSF, def., glossury 
Cunern. Silesia, 155 
curing, def., glossury 
Customer liq. sugar handling systems, 

542-4; fig., 544 
CV, dcf., glossary 
Cyanide and compounds, 690 
Cyanohydrin, dcf., 27 
Cycle length, fitration, fig., 288 

t h e ,  def., glossary 
Cyclone. del., glossary 
CYC~OIIk &cleaning, 666 

Cylindrical clement filter, fii., 279 
Cyst form, del., glossary 
Cysteine, 48 
Cytidine, 59 
Cytoplasm, 19 
cytosine, 55, 58 

Dacron fibas, 282 
“D’ noise dose, 674 

Danck filter, 158 
daphnia, dct ,  glossary 
dBA, def., 673 
D.D. 11  
DDD, 690 
DDE. 690 
DDS juice purification, 219, fig.8.25 
Decatur. Ind., factory, 791 
decibel, def., 673 
Decrepitate, del.. glorsury 
Decrepitation in lime calcining, 582 
Dedck-Vasatko juice purif., 220 
Defeco-carbonation. 193-4; del., 

Degraded bets, proccsscs for 
Degrcmont-Cotucll aystcm, ion cxch., 

Dehydrated be ts ,  dcf., glossary 
Deliming, influcncc of acid sucngrh, 

glossa ry 

324 

fig., 178 
or softening, ion cxcb., 325-6 

Delta-cell level gauges, 710 
Delta, Colo., facto , 789,794 

~tah,  factory. 792 795 
Delta G., del., glossary 
Denaturing. 120 
Denaturation rate. beet cells. fig., 120 

in diffuser, fig., 120 
dcf.. glossury 
protoplasm, 7 79 

Dendritic, dcf., gloss~ry 
Density, juice effect on clarif., 236-7 

Denzidine, 690 
Dcpth fitration, 275 
De Smet diffuser, 142.4 

flow diagram, fig., 143 
Dcsweeten, def., glosmry 
Dcsweetening, ion exch., 375 
Detail, storage tanks at Hereford, fig., 

Development in America to WWI, 

Dextran, effect on crystal shapes, fig., 

measure devices, 7 10 

297 

158 
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loss, de t .  glossary 
mathematics, 121-125 
thwxy, confirmation of, 125-6 
water. 127-9 "anes of e for siri formula. table, 
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Dr id  pulp. coni. 
manufacture, 1 1  7 
pdleting system, figs., 634-5: fig., 

sponraneous heating. 635-6: table, 

stoxage. 633-4 
warehousing, 633-4 

635 

636 

Drier, Biittner Turbo my, sugar, figs., 
500.1 
drums, pulp, fig., 681 

balance, table. 629 
exhaust recycle. fig., 629 

s u p ,  def.. glossary 

pulp, 626-9 

rotary pulp, fig., 499 

Drill, def., glossary 
Drink, del., glossory 
Drips, def., gbsrory 
Drive design, centrifugal, 432-3 
Drop, de[, glossury 
Dropping the suike, def., glursnry 
Drowning, h e ,  592 
Dry bottom, furnace. def., glormry 

Dubourg prelimer, 187 
Dust box, def.. glossory 

substance, def., glossary 

collection in explosion prevention, 5 I I 
in granulated sugar, 547 

Duter. IO, 
Dyer beet feeder, fx., 109 

Calif., factory 791 
washer. 1 1 1 .  fig., 111.113 

Dynamic simulation, def., glusrory 
Dyne1 fibers, 282 
E, 691 
East Grand Forks, Minn., factory. 794, 
796 

Easton. Maine, factory, 796 
East Tawas, Mich., factory, 788 
Earon, Colo., factory, 787 
Efonomizen, bailer, 644 
Eddy, N.M., factory, 784 
Fdgemoor, Dela., factory, 784 
Effect. evaporator. def., gloswry 
Effective alkalinity, 256 

Efluent, flume, def., glossary 
Eimco filters, 290 
Einstein correlation, 121 
"Einwu~f', det, glormry 

relation to optimum. fig., 256 

bailing, 406 

Electrical conductivity measurement, 
711 
systems in explosions, prevention, 5 1  I 

Electric power. coordination of pro' 
cecdve devices. 657 
cost comparison, inductive motors, 

f i ~ . .  652 
dis6bution. 649-660 

grounding, 652 
equip. at u d  voltage, 651-2 

expansion of systems, 659 
flexibility, 659 
generation, 657.9 
grounding, 652-4 
low voltage systems, rahle, 655.6 

Kirk-key interlocks, 659 
load-center substation, fis., 650: 650-1 

growth planning, 658 
modernization, 659 
one-line power dismbution system, 
k., 658 

overcurrent protection, 654-7 
planning, 658-9 
purchased, 649 
resistance grounding, fig., 653 
radial distribution syslons, 651 
service reliability, 659 
steam rate, table, 649 
switch gear, fig. 650 
system, 647.60 

typical beetfactory, fig., 657: 659-60 
equipment, 659 
grounding, 652 
systems. safety. 658 

thennometers, 708 
turbine, fig., 648 

Elecuodialyris, def., glosrory 
Electrostatic precipitator, def., glossary 
Elimination, det, glossary 

Elsinore, Urah, factory, 791 
End, beet, dcf., glossory 

products of fermentation, table, 726 
sugar, def., glossary 

accounting, 756.7 

Endrin, 690 
Enthalpy, d d .  g/ossary; 350 
EnUainmts, 752 
Entropy, def., glorrnry 
Enviro-Clear clarifier, 248-50 

diagram, fig., 249 
waste water, 682 

Environment, 663-92 
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Environment, cont. 

Environmental Protection Agency, I O  
Enzyme hydrolysis of sucrose, 32 
EPA, 663, 691 
Epoxy, def., glossary 
Epuration, deK, glossory 
Equipment and mach. control. 694-698 
Equivalent d a y  dia.. fig.. 698 
Equivalent, def, glossary 
Erucic acid. 45 

-related abbrev., 691 

Emink, I O  
ESP, 691 
Esters, def., 30 
Estimated stop times, invert SF mfr., 

Ethers, 30 
Ethylene Sine.  245 
Evaporation. I16 

tabk. 538 

air and noncondensable removal, 

boiling point, evaporation. 361 
condensed water removal, 357-8 
description of maporaton, 350-2 
evaporator calculations. 366-70 

falling.film evaporators, 351 
fuel and energy economy, 362-6 
heat transmiision, 354-5 
juice viscosity, 360 
long-tube vertical evaps, 351: fig., 352 
Roben evaporator. 351 
shon-tube vertical. fig., 353 
steam and vapor superheat, 357 

or vapor bypassing in, 366 
surface cleanliness, 358-9 

tension of juice, 360-1 
temperature M e t a c e ,  360 
theoretical map. heat, table, 370 

balance, table, 368-9 
material balance, table, 367 

357-8 

operation, 352-4 

total tempuature ditference. 361-2 
t u h  composition. 358-60 
vapor velocity, 355.6 

calculations. 366-70 
effect, dd., glossary 
fuel economy, 349-7 1 
insmment control, 7 17; figs., 7 17-8 
operation. 352.4 
station. def.. glossary 
thermodynamic definitions, 349-5 1 

Evaporator body, del., glossny 

exa, see S.I. Appendix 
Exchange profile, strong cation win, 

Qentin pmc., fig. 328 
Exothermic, def., glosmry 
h t e d  wunt of v ~ o u s  olE.antms. 

&bk, 739 
I 

Emlosion orevention. 510-1 1 
' dust in: 51 1 
elecuical systems in, 5 11  
fire conhol system, 512 
housekeeping in, 5 11 
isolation, 5 11 
Moses Lake factory, installation, 

static elimination in, 51 1 
511-2 

Exbaction, def., glossary; 119-132 
concenwtion, acids in diffusion juice, 

cassette permeability, vs. Swedish no.. 

diITusion juice, 131-2 

draft, 129-30 
dementa of, 127-32 
microbioloeical action. 130 

table. 13 I 

fig., 127 

water, 127-8 

I 

pH, 130 
p m s  theory, 120-7 
rates. Steffen process, table, 611 
raw juice, 131-2 
sta&ent, 743 

Steffen. excess molasses, table. 752 
total. table, 754 

suause loss VS. draft. fig., 130 
s u p  end, formula, 301 
temperature, 129 
water, ditrusian. 127-8 

Fabric construction. filter, 282.3 
Factory, Steffm. def.. glossary 

Facultative pond, def., glossary 
Falling film evaporaton, 35 1 
Fallon, Nev., factory 791 
False grain, def, glosroy 

polarization, der., 750-1 
Fanged beeta, del., glossary 
Fans. boiler, 640 
Famham, @e., factory, 796 
Fa@. (lipids), 44-5 
Fatty acids. def., glossary 
Fault devices, beet factory system, lig., 

Fecal coliform, 678 

sugar-, def., glossary 

657 



826 BEET SUGAR TECHNOLOCV 

Federal Water Pollution Control Act 

Feed, carbonation-filter, der., glossary 
Feedback inswment, de[, glossary 
Feeder, beet, de[, glossary; 108 
FehL-ng's solution, def., glossary 
femto. see S.1. Appmdu 
Fermentation, alcoholic, 725 

end products, table, 126 
lactic acid, 725 

Fertilizers for bcets, 6-7 
Ferulic acid, 41 
F i k ,  cotton, 282 

Damn,  282 
*el, 282 
Nvlon. 282 

677 

p-hypkpy~ene, 282 
Fick's Law. 121 
Fillmass, del., glossary 
Filter aids, 285-8 

def., glorsnry 
prewat, fig., 287 

cake, def., glosrory 
carbonation sludge, fig.. 290 
cylindrical element, fig., 279 
fabric, chhain-weave. 28.1 

construction, 282-3 
monofilament yam, 283 
plain weave, 282 
9 3 h  WOPC,  ?e? 
spun-staple yam, 283 
twiU weave, 282 
weaves, 282.3 
yam, 283 

fibu propmies, table, 284 
Grand Pont, fig.. 281 
horizontal leaf pressure, 280-2; fig., 

Kelly, 277 
medium, de<, glossary 

plate and b e ,  276-7 
Pressure I d ,  278-80 
Putsch. fig., 281 
r o w  vacuum, 277 

precoat, 277-8 
10- leaf pressw, fig.. 279 
standard liquor, fig., 290 
tubular elanent pressure. 278 
.thickenas, 280 

281 

filbation, 275 
p a p ,  283 

FilUate, cold, d d ,  glosrory 

del., glorsury 
hot, def., glossary 
Steffen. def.. glossary 

Filtration,' 274:G 
cake, 275 
carbonation sludge, 288-9 
centrifugal wash water. 292 
cycle length, fig., 288 
der,. glossary 
depth, 275 
direct, hst  cash., 288-9 
equipment, 276.82 
filter medium, 275 
historical, 274-5 
hot saccharate. 292 
in k t - s u p  industry, 288-94 
influmas on, table. 276 
liquid sugar, 292-3: fig., 293 
precoadng, fig., 286 
schem. dia., diat. earth system, fig.. 

291 
second carbonation, 289; fq., 289 
sedimentadon. carbonation sludqs, 

180 
standard liquor. 290-1 
supply water, 293 
theory and principles, 275-6 
thick juice storage, 292 
thii juice, 290 
waste wafer, 293-4 

Findky, Ohio, factory, 7% 
FLSt carbonation, batch, sludge, fig., 

I96 
clarifier, der., glossory 
clear juice, lime addn. to, 261-3 
control system, 716; fig., 717 
convertible processes, 194-7 
direct filtration of, 288-9 
Dorr, sludge, fig., 194 
factors affecting 

alkalinity and lime salts, fig., 207 
&in juice quality, fig., 207 

carbon dioxide in kiln gas, 211 
diffusion juice density, 210.1 1 
flow rate. 2 1 1 
temperature, 21 1 

gas absorption rate, 2 I O  
hydroxyl ion activity 
kiln gas pressure, 21 1 
Lime addition amount, 208-9 
lime milk or saccharate Brix 

211 
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First carbanation. cant. 
p O ~  and pH in first carb., fig., 

206 
quality of burned lime, 21 1 
recircu~ation rate. 209-10 

247-50 
Flora, def., glossarY 

microbial, 724 
mowmeters, 710 

783 

fig.. 672 

556-7 
728 

table, 

Fraiser, def., glosXary 
Fmklin, Mass., factory, 784 
~~r~ dislocation saews. fig.. 414 
~mpart, IU.. factory 783 
~ ~ ~ ~ n t ,  ohio, factory, 781, 7%. 789 
F ~ U ~ C Y ,  det ,  glossary 
Fructose. 26-7, 30 

F ~ ~ I  ratio, boilers, 667 
1-6 diphosphate, 20 

and energy economy, 362.6 
economy and evaporation, 349-7l 
oil atomization. 667 

pmprrties. table, 642 
residual. 642 . .~ 
sulfur in. 642 

F ~ S ,  boiler, 640-3 
Fugitive dust in 670 

~umar ic  acid, 41-2 
Fumigation. soil. 11  
Furanose. 27 
Fusarium, 10 
FVNR. def., 693 

F ~ I I  seeding, 408 

572 



Gas washer, det, glossary 
Genter filter, 273 
Geometric isomerism, 28 
&ring. Neb., factory, 7% 
Gibb's deduction, 400 

., 
GIUCOPWOsyl transferase, 32 
Glucose, 26,27.35 
Glucuronic acid, 43, 533 
Glutamic acid, 46, 5 I 

Buckau-WolC 501 
Roto-louwe, fig., 500 
Standard-Hersey, 499.500 
sugar. as air contaminant, 669 

gray, SCe S.I. A p p m b  

O n g b d ,  214; fig., 213 
Great Western juice purit systems, 

modifications, 213 
operation with, 214 

G m k y ,  Colo., factory, 787 
Green Bay, Wis., factory, EM 
Green sugar, det, glossary 
Green s p p ,  def., &rsary 
Grist, det,  glossary 
Grizzly, def., ghsary  
Ground water, 688 
G m m h g ,  electric, 652-4 

Grouped motor control center, fig., 693 
Gmwer-omed cooperatives, 3 
Growing the &. det, glossary 
Growth character, beets, 1-3 

Steffen process, 600-1; fig., 600 

low voltage systems, table, 655-6 

charge, 424 
habits, I 7  
ranges of bacteria, table, 724 
rates for pure sucrose, fig., 409 

solubility equation, 383 
tables, Appendix E. 
values, 381 

Guanine, 55, 57 
Guanosine, 55, 59 
Guide bars, def., glossory 
Gyratory screens, 502-3 
H a b  hygrometers, 7 I I 
Hamilton City, Calif., factory, 789 
Hammering, def., glossary 
Handling beet tops, 15  
Hardin, Mont., factory, 795 
Hamsting beets, machine, 13.5 
Hazardous and solid wastes, 689.90 
Heat balance. theoretical, evaporation, 

Grut's data, 466 

table, 368-9 
evaporator, table, 370 

uansmission, evaporation, 354.5 
v d w  high and low, 643 

Heaters, diffusion juice, 731 
Heats of combustion. table, 644 
Heavy metals, in gran. sugar, 551.2 
hecto. see S.1. Appendix 
Hemicellulose, I 9, 35 
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Heptachlor. 690 
Hereford, Tex.. factory, 796, 797 
Hersey-Standard granulator. 499~500  
Herzfeld values of sucrose soly., 381 
Hemodern rnarioni cornu, 1 I 

Heteroeeneous inversion. ion exch.. 
rchachtii, 11  

311:%g.. 312 
Higgins loop, ion exch., 324 
High green syrup, def., glossury 

niachine syrup, def., glossay  
melter. def.. dossarv . . -  
wash syrup, def., glossary 

Hillsboro, N. Dak., factory, 796 
Histidine, 46, 50 
Holland, Mich., factory, 785 
Holly. Colo., factory, 789, 791 

Homogeneous, def.. glossary 
self-cleaning electrode. fig.. 203 

inversion, ion exch., 311: fig., 311 
nucleation, 401-2 

Honeyville, Utah, factory. 783 
Hooper, Utah, factory, 790, 795 
Horizontal bulk bin, fig., 509 

crystallizers, battery, fig., 453 
leaf pressure filters, 280-2; fig., 281 

saccharate filters, Steffen process, 
Hat filtrate, def., glossary 

601-2 
filtration, 292 

thickener, Steffen process, 603-4 
House. Steffen, def., glossary 
Housekecphg, explosion prevention, 

Howard feeder, def.. glossary 
Humectancy, def., glossary. 
Humic acid, 29 
Hum-Mer screen, figs., 501-2 
Humus, def., glossary 
Huntington Beach, Calif., factory, 

Hydra-Shoc filters, fig., 289 
Hydrate, der., glossary 
Hydration, method of lime, table. 592 
Hydrochloric acid, 42 

in invert mfg., 539 
Hydrocyclone, def., glossary 
Hydrolysis, del., glossary 

Hydrometer, def.. glossary 
Hydrophilic. def.. glossary 
Hydroquinone, 690 

51 1 

791, 795 

of polyacrylonitrile, fig., 244 

Hydmscopicity. def., glossory 
Hydroxylamine, 27 
Hydroxyl group, def., 35 

ion activity, 
reactions of monosaccharides, 30 

Hpertonic, def., glossary 
Hypocotyl, def.. 18 
Idaho Falls, Idaho, factory, 788 
Ideal solution, def., glossay 
lmidodisulfonic acid, 5 2  

formation, 272 
Impellers, pan, 437-8 
Indole ring, fig., 56 
Indoles, 56 
Inductive motors. cost, fig., 652 
Inherent moisture, def., 509 
Inorganic compounds, 60 

def., glossary 
Inositols, 34.5 
In-place washing, low raw massecuite. 

Insect control, beets, 10-1 1 
466 

Insects, IO 
Installation for settling aid addn.. fig.. 
74R - ." 

Instrument control of boilers, 644-5 
Instruments. 708-21 
Integrated circuit, def., glosroy 
Interlock, del., glossary 

Intermediate boiling, def., glossary 

Inversion, batch methods, 539-41 

bypasses, 694 

green syrup, def.. glossary 

hat acid method, 538-41 
in process, 753 
losses, ion exch., 322 
of sucrose, 31-2  
rate, 32 
reaction, 32 
structural reaction, 40 

Invertase, 22: del., glossary 
Inven, and crystal growth rates, fig., 

418 
in diffusion juice, table, 132 
sugar, dd., glossary; 26 
sugars in juice purif., 197.8 
syrup blends, 541 

est. stop times in mfr., table, 538 
mfr., automated, 540 
refractometer correlations, table, 

water in, 539 
540 
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Iodimetric titration. sulfur dioxide, 
552 

Ion, def.. glosmry 
exchange, 300-32 

affinities of resins, 306 
anionic, 302.3 
backwash characteristics, fig., 320 

bed displacement cumes, fig., 3 1 3  
cation, carboxylic grouping, 302 

regeneration levels, fig., 319 
resin regeneration, 3 17-20 

problems, 322-3 

color problems, 323 
columns, fined bed, 307; fig., 308 

comparison, fixed and mixed beds, 
mixed bed. fig., 308 

310 
continuous, countercunent beds. 

309.10 
process, fig., 308.309 

cooling to avoid inversion, 311.13 
Degremont-Cottrell system, 324 
deliming or softening, 325-6 
diffusion juice, 302 

equipment and  development, 

fixed, mixed beds, 309 
flow control problems, 320-1 
heterogeneous inversion. 31 1;  fi,?., 

Higgins loop, 324 
history, 300-1 
homogeneous inversion, 3 1  I ;  fig., 

intermediate green syrup, 302 
inversion losses, 322 
ion exclusion, 330 
ion retardation, 330 
miscellaneous systems, 324 
Moebes proccss, 324 
new resin types, 906.7 
nonsucmse elimination, table, 314 

operating cycles, backwashing, 

economics, 324 

307-8 

312 

311 

leakage, 322 

315-6 
deswcctening, 3 I 5 
service, 313-4 
swcctcning, 312.3 

operational procedurrs, 309-20 
osmotic shock, 306 
physical losses, 32 1-2 

precampaign prep". 310-11 
problems and solutions, 320-4 
Qyentin process, 325-30 
resins, acid and base properties, 

304 
and development, 306 
classifications, table, 304 
fouling, 306 
physical stability, 305-6 
retardation, 330 
semipermeable membranes, 330 
shutdown procedures, 320 
strong anion regeneration, 11 7 
synthesis of resins, fig., 303 
systems related to, 330 

theory, 302-3 
chick juice, 302 
third body evap. juice, 302 
titration curves of anion exchange, 

cation exchange, fig., 304 
fig., 305 

types of resins, 303-6 
Vajna system, 324 
wastes. 688 

disposal, 323 
weak anion. regeneration, 316-7 

Ion cxclusion, 330 
Ionic equilibria, second carbonation, 

Ionization curves of carbonic acid and 
fig., 178 

lime, fig., 166 
ofproteins, fig., 53 

Iron in pan. sugar, 551 
Imgation practice, beets, 12-3 
I.S.A. symbols, table, 714-5 
Isleton, Calif., factory, 784 
Isolation in explosion prevention, 509 
Isolcucine, 48 
Isomer, def., glossary 
Isomerism, geometric, 29 
Isotherm, decolorization of thick 

Isotonic, def., glossary 
Jmesville, Wis., factory, 788, 797 
J-diffuser, 144 
flow diagram, 144 

John Deem harvester, fig.. 14 
Johnstown, Colo., factory, irw 
Jones-Costigan Act, 3 
Juice, def., glossary 

juice, fig., 337 

chacteristics in battery cells, table, 
134 
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Juice purification, 115, 155-184. 219 
aims, 179.80 
Alston processes, 220 
B.M.A., 215-6; fig., 216 
Brieghel-Muller. 220 
Colonies process, 155-6 
contin. svstems. U.S.A.. Canada. 

table, i21-2 
D.D.S.. 219; fic., 219 
Dedek.Vasatko: 220 
development in America since 

Dombasle, and maceration, 156 
Europe, development in, 155-7 
first carbonation, 173-6 
fundamental operations, 168-9 
Great Western, multi.tank, 213; 

fig., 213 
history, fundamentals. 155 
liming. 172-3 
Michigan Sugar Co., proc., 212; 

nonsucroses. specific, 197.200 
Novi Sad, 216-7: fig., 217 
Oreye, 220 
packaging processes, I58 
preliming, 169- 1 7 1 
second carbonation. 176-8. 

1970, 158-9 

fig., 212 

253-265 
South German Sumr Co.. 218; 

fig.. 218 
Steffen campaigns. 223-4: fig., 223 

technology. 185-229 
systems not used in North 

America, 216-221 
Tasco, 220; fig.. 221 
unit operations, 185-194 
Wiklund, 220 
Zagrodski, 221 

conditions for, 295-6 
disadvantages. 299 
prepn. of juice for storage. 297-8 
m k  construction, 296-7 
under oil barrier, 298 

storage, 295.9 

raw, def., glossary 
thick, def., glossary 
thii, dcf., glossary 
viscosity, evaporation, 360 

Kalamazoo, Mich.. factory, 786, 788 
Kanashov juice purification, 219 
Kelly filter, 274,277,288; fig., 277 

Kelvin equation. def., glossary 
kelvin, see S.I. Appendix 
Kemp. Frank, factory, 796 
Kcnway automated laboratory, 76; 

Kestose sugars, 22 
Ketose, def., glossary 
Kiln. gas-fixd. Azhe, fig., 572 

Mach, Limelighter, fig., 573 
multiple-hearth, 585-7 

Union Carbide, fig., 574 
oil-fired. Azbe, fig., 575 
vertical, lime, fig., 568 

Kilns, mixed feed, 568-71 
multiple-hearth, fig.. 586 
rotary, 584-5; fig., 584 

fig., 75 

Kilovar, def., glossary 
Kinetic, dcf., glossary 
Kirk-key interlocks, 659 

lock, dd. ,  glossary 
Kitchener, a t . ,  factory, 797 
Knife, beet. def., glorsury 

blocks. def.. elossarv . .~ ~ 

setting. 149 
Known losscs, except molasses. 747-8 
Kocidc, IO 
Kollar predefecator. 187 
KGnigsfelder knives, fig., 146; table, 

147 . .. 
KP. 122 
Krauss-Maffei centrifugals, 44 1 
Kss. de t ,  glossary 
Kysilka pOH electrodes, 205; fig., 205 
Labile zone, def., glosrary; 384 
Laboratorv columna. activ. carbon. 

fig. 337, 
sieve testine. 503-4 

I. 

tare, 65-79 def.. glossary 
tests for tray-type clarifiers. 241-2 

determination, 732 
diffusion juice, table, 131 

Lactic acid. 29. 40, 354 

Loctobocillus, 725 
Lafeuille cooling cycle, fig., 445-6 
La Grande, Ore.. factory, 785, 787, 

Lamar, Colo., factory, 784, 789 
laminar, def., glossory 
landfill disposal, fig., 689 

Langmuir adsorption iosthcrm, 246 
Lansing, Mich., factory, 787 

791 

sanitary, 689-90 



832 BEET SUGAR TECHNOLOGY 

Large paper bags, 523-4 
Las Animas, Colo., factory, 790 
Layton, Umh, factory, 791 
lead, 690 

air pollutant, 664 
in p. sugar, 551 
wbacctate. 

Leaf cells, mesophyll, 20 
Leaks and spills, factory, 751-2 
Leantt, Neb., factory, 786 
Lecithin, 45 
Leg, barometric, def., glossary 

Lehi, Utah, factory, 78.1 
Leucine, 47 

Leuconostoc rncsentcroidcs, 725 
Levan, formation from sucrose, 32 
Level gauges, 709-10 
Levitation, dcf., glossary 
Lewiston, Utah, factory, 787, 789 
LiebcrmanwBurchard test, 553 
Life cycle of bacteria, fig., 729 
Lignin, 36 
Lime. 160 

line, def., glosrary 

fermentation, 51 

addn to first carb. clear juice, 261.3 
amount, effect on clarification, 236 
and carbon dioxide production, 
567-593 

quz!ity. 567 
burning, spatial configs., in, fig., 
577 

cake, def., glossary 
slurrying, 684 

calcined waste, properties. 588 
calcining, 579-82 
carbon-dioxde + sucrose. 166-8 ~, ~ . 
Don first carb. and thin juice qual. 

itv, 208-9 
d r i w i n g ,  594 
dust. air contaminant, 669 
effect of trpc on clarification, 237 
good slaking conditions, 591 
kiln booster fan, in air pollution, 
669-70 
fuels, 578 

586 
rotary, 584-5; fig., 584 

kilns, multiplc he&, 585.7; fig., 

manufacture in vcnical kiln, stages, 

method of hydration, table, 592 
fig.. 577 

milk  manufacture, 589-92 
mud, def., glossary 
pond, def., glorsory 
reclamation, waste, 583-7 
salts, def., glossary 

and color in juice purif., 180 
Operation, -second carbonation, 
263-4 

sewer, def., glossary 
solubility, in water and sugar s o h . ,  

-sucrose chernisuy, 607.1 1 
-sucrose, def., glossary 
waste, inorganic impurities, 588 

table, 591 

organic impurities, 589 
physical nature, 589 

Lime, waste, reclaiming technology, 

reclaiming, technology, 587-9 

Limestone calcining, chemistry 574.9 

587-9 

water burning, 592 

equipment, 567-89 
theory and practice, 574-83 

decrepitation, 582 
melting. 581-2 
physical properties, 579 
selection, 582.3 
shrinkage, 580-1 
sizing, 582-3 

~ 

Liming. main. def.. glossary; 192 
mild, 172 

Lindane, 690 
Linear variable diff. transformer, dd., 

glossary 
Lipids, 44.5 
Liquid invert 537.41 

flow diagram, fig., 736 
handling systems, customer, 
542-4; fig.. 544 

installations, 735 
mesophilw in, 736-7 
microbiology, 734-7 

specifications for, 540 
storage, ground protection, 688-9 

sucrose, 537; def., glossary 
sugars, 537-44; def., glossary 

control, 738-9 

distribution, 541-2 
filtration, 293; fig., 293 
tank trucks, fig., 542 

Liquid, sulfur dioxide, handling, fig., 
267 
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Liquid sulfer dioxide, cont. 
use. 267-8 
vapor pressure of. fig., 268 

Liquilizing. def.. 537 
Liquor. standard. dcf., glossary 
Lithium chloride moisture detector. 

Local controller consoles, 699 
Logan, Utah, factory, 787 
Logic, dcf., glossary 

control statement, typical, fig., 698 
Longmant, Colo., factory, 788 

project, waste water, 680-2: fig., 681 
Long-term beet storage, 81-95 

-tube vertical evaporators, 351 
Los Alamitos, Calif., factory, 784 
Loss, diffusion, def., g l O S S O y  

outside factory, acctg.. 655-6 
Stcffen, def., glossary 
waste-lime, dcf., g lOSJQry  

Losses, accounted, def., glossary 
unaccounted, def., glosrary 

Loveland, Colo., factory, 707 
Lovcll. Wyo., factory, 791, 792 
Low mcltcr, dcf., glossary 

wash syrup, dcf., gfossary 
Lyman, Neb., factory, 795 
Lyons, N.Y., factory, 786. 791 
Lysine, 46, 49 
Machine hwesting bets ,  13-15 

Mach Limelighter gas-find kiln, fig., 

Macroscopic, def.. gbssory 
MA, def., 504. glossary 
MA-cv measurement, 547-8: fig.. 

Madison, Wis., factory, 788, 789 
Magma, affiation. dcf.. glossary 

71 1 

SVP, der.. glossary 

573 

548 

continuous pan, fig., 443 
def., glossary 

Magnesium. 60 
brine, 327 
exchangc, sucrose soly. after. fig., 

326 
Magnetic flowmctcrj, 710 

separators. bcet.washing, 11 1 
tachometers, 7 11 

Maguh slicer, 148; fig., 118 
Maillard reaction, 46, 56, 554 
,vain w i g ,  192; der., glossaIy 

waste, def., glossary 

Makeup, flume, dcf., glossary 
Malic acid, 40, 42, 43 
Malonic acid, 36 
Manitoba Sugar Co., wastewater Sys- 

Mantcca, Calif., factory, 792 
Marc, bet. 36 

Marggraf, Andreas, 155 
Marinc City, Mich., factory. 786 
Manin and Champonnois. 156 
Mason City, Iowa, factory. 799 
M-cuite belt. d d .  glossary 

tem, 692 

def., glorsory; 19 

d e s i p ,  fig., 436 
lublication, 451-7; fig., 451 

for Stcffen pro~ess, table, 749 

Mass transfer, dcf., glossay 
Marcrial balance, 7414 

hmretical. table, 367 

679 
Materials flow, beet-sugar plant, fig.. 

Mathematics of dilTusion, 121-7 
Maturation, d d ,  glossary 
Maxwell. N.M., factory, 791 
McCabe’s Law, 3 9 0  def., glossary 
Mean aperture, dcf., 504 
Measuring insmmentr, basic, 708-11 
Media, fdtcr, 282-5 
mega, see S.I. Append& 
Melanins. 56 
Mehaidins, 56, def., glossary 
Melassigcnic coeficipnts, 622-4: table, 

632 
substances, 620-1 

Metibiare pmcess. 613-15: fig. 614 
Melibiose, 34 

Melt, dd. glosmy 
Melter, def.. glossay 
high, def., glossury 
low. def.. glossary 

Mcloidogvnc spp, I I 

Melting in lime CalCining, 581-2 
Mendom. Calif., factoty,583: 795 
Mcnominee, Mich., factory, 787, 788 
Menominee Falls. Wis., factory, 785 
Mercury and compounda, 690 

Mcnick scales, 150-1 

Mesh. s c m n ,  503 
Mesophiles in liquid sugar, 736-7 
Mcsophilic organisms, 724 

as air contaminants, 670 

Weightometer. 150. fig., table, 150 
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Mesophyll leaf cells, 20 
Metabolism, sucrose, 22 
Metal expansion thermometers. 708 
Mestastable, deJ, glossary; 384 

Methane, air pollutant, 664 
Methionine, 49 
Methyl parathion, 690 
Methylxanthine, 55 
Micelle, def., glossary 
Michigan Sugar Co., juice purif., 2 12; 

Microbiological action in diffusion, 

zone, def., glossary 

fig.. 212 

130 
methods of analysis. 732-3 

Microbiology, 723-40 
beet flumes, 726-7 
diffusers, 727 
harvesting, 723.4 
process, 723.31 
sugar product, 733-8 
uansportation. 733-4 

in sugar, 556-7 

697-8; f%.. 698 

Microorganisms, high, 561 

Microprocessor control systems, 

Middle juice sulfitation, 273 
Miers' diagram of rapid cooling, fig., 

446 
saturation diagram, fig., 383 

Mild lining, 172 
Milk of lime manufacture, 589-92 

station control. 718; fig., 718 
Milk. saccharate, def., glossery 

sediment tester, def., glossary 
Mill, dcf.. glossary 
Milled seed, def., glossary 
Miller indices, def., glossmy 
Minatare, Neb., factory, 79.4 
Minglcr, def., glossary 
Mini-Cassia, Idaho, factory, 792 
Missoula, Mont., factory, 792, 794, 

Mitchell, Neb., factory, 792.7% 
Mitochondrial, def., glossoy 
Mixed feed kilns, 568-71 

control panel, fig.. 570 
Mixer, d e t ,  glossary 
Mixers, massecuite, 468.9 
Mobile beet piler, fig., 82 
Modulating type valve, def., glossary 
Mocks  process, ion cxcb., 324 

795 

Moisture, gases, measurement, 71 I 
gran. sugar, fig., 550 
inherent, def., 509 

Molality, def., glosrory 
Molasses, 617-25 

alcohol production, 618 
balance, 748; table, 753 
calculations for Stden factory, 

table, 750 
citric acid from, 619 
def., gtossary 
degradation, Steffen process, 609.1 I 
formation, 619-25 
gluIamic acid production, 618-9 
indexes, 620 
lubrication system, fig., 452 
melassigenic coefficients, 622-4; 

table, 622 
normal, 621-2 
organic factor, 621 
sucrose solubility in, 619.20, 623.5 
uses, 618 
virgin, de!"., 611 
viscosity, 619; table, 620 
Wiklund rule. 624-5 
yeast production, 618 

Molaseic acid, 29 
Molds, def., 724-5 

liquid sugars, 737.8 
Mole. der., glossory 
mole, see S. I. Appendix 
Monitor. def..  losso on, . -  , 

and command circuit, motor control, 
f i ~ . ,  703 

Monoclinic, def., glossary 
Monofilament yarn. 283 
Monogerm beet seed, 4; fig., 5 
Monolimc sucrose, 604 
Monosaccharides, 26-30 

physical properties, table, 30 
water solubilities, table, 30 

Monte jus, def., glossary 
Monte Vista. Colo., factory, 791, 792 
Montezuma, N.Y., factory, 796 
Moorhead. Minn., factory, 795 
Moroni, Utah, factory, 792, 795 
Moses Lake, Wash., factory, 511.12, 

Mother liquor, def., glossary 

Motor control. 693.4 

794,795 

exhaustion, fig., 448 
viscosity, 448-9 
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Motor control, cont. 
controller basic concepts, 694, 702-3 
oil, used, 690 

Mount Clemens, Mich., factory, 787 
Mount Pleasant, Mich., factory, 793 
Moving bed system, gran. activ. carbon, 

fig., 341 
MPN, 691 
MSFV, def., 691 
MSMPR pans, 439-43 
Mucoid, def., glosmry 
Mud. def.. dossarv 

.I 

pond, def., glossary 
Multifeed clarifier, Dorr, 229-31 
Multifdament yams, filter fabric, 283 
Multigerm beet seed, 4 
Multiplefffect evaporator, def., 

-hearth furnace, fig., 346 
g l o m  y 

lime kilns, 585-7; fig.. 586 
Mycelia, def., glossary 
Myo-inositol, 34 
Nampa, Idaho, factory, 785, 790. 792, 

nano, see S.I. Appendix 
Naphoresorcinol test, 553 
National Food Processors standards, 

795 

734 
Pollution Discbarge Elhination 

quality standard for ambient air, 

Soft Drink Association, 734 

system, 677 

table, 664 

standards, 563 
Natural alkalinity, 54, 254.5 

process options for low, fig., 258 
high, fig., 257 

Naveau prelimer, 186-7; fig., 187 
Nematodes, 10-1 1 
Net weight, beets, 65 
Neutrality, def., glorsnry 
New Delhi, Calif., factory, 790. 797 
newton meter, see S.I .  Appendix 
Nickel, 690 
Nicotinamide adenine dinucleotide, 23 
Nitrate test, beets, 7 
Nitrates, 45, 52 
Nitrites, 52 

Nitrogen dioxide, air pollutant, 664 

Nitrogenous bases, 54-5; table, 57-9 

determination, 732-3 

effects on beets, 7-8 

compounds, 45-56 
effects on beets, 7-8 
in beets, table, 45 

materials in molasses, 617 
Noise control 

Act of 1972, 673 
environmental, 673-6 
limits, Minnesota, 674 
testing and analysis. 675-6 

Nomenclature, carbohydrate, 27-8 
Nonsaccharide, def., glorroy 
Nonsucrose, def.. glossary 
Nonsucroses, behavior in juice purif., 

table, 198 
classes in raw juice, table, 199 
elimination, ion ex&., table, 314 
leakage, ion exch., 322 
soluble, removable in carbonation, 

specific, and juice purif., 197-200 
storage-sensitive and juice quality, 

table, 199 

fig., 200 
Nonsugar, def., glosrory 
Norfolk, Neb., factory, 704, 789 
Normal molasses, 621-2 
Northampton. Mass.. factory, 783 
North Yakima, Wash.. factory, 793 
Natron, 9 
Novi Sad juice purif., 216; fig., 217 
Nozzles, centrif. washing. 478 
NPDES, def., 677; 691 
Nuchar carbon, 44 
Nuclear radiation level gauges, 709 
Nucleation by full seeding, 403-4 

def., glossary 
homogeneous, 401-2 

Nucleic acids, 66 
Nucleotide, def., glorray 
Nylon fibers, 282 
Nyssa, Ore., factory, 795 
Occupational Safety and Health Ad. 

ministration (OSHA), 666, 675, 
69 1 

Ocean View, Calif., factory, 783 
Octave analysis, table, 675 

Odor, 670-3 
-band analyzer, 675 

concentration units, dcf., 670 
control systems, 673 
emission rate, dcf., 670 
environmental regulations, 670.1 
evaluation, source-point, table. 672 
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Odor, cont. 
granulated sugar, 554 
high, 559-60 
regulations, Minnesota, 670-2 
source, def., 671 
testing (Minnesota), 672-3 

Ogden slicer. 148 
Utah, factory, 785, 787, 795 

Oil-fired kilns, 571-4 
Azbc, fig., 575 

Old settlers, def., glossary 
Oleanolic acid, 43-4, 553 
Oleic acid, 45 
Olfactometer, forced-choice triangle, 

Olier diffuser, 144: f i ~ . .  143 
671-2 

flow dia.. fig., 143 
Oliver, E.L.. 274 

-Boden filter. 275 
.Morton continuous diffuser, 139 

dia., fig., 139 
installation, fig., 140 

rotary drum filter, 158 
One-line power d i m .  system, fig., 658 
Optical isomerism, 28 
Optimum alkalinity. 255 

Bazcek and Jesic, 205 
determination of, 255-6 

pH. fig., 257 
Oreyc juice purif., 220 

Organic, def., glossary 
Organelles. 19 

acids, 37-43 
compounds, nitrogen-free, 26-45 
factor, molasses, 62 1 

733 
Organisms in sugar products, table, 

Orifice-plate flowmeters, 7 IO 
Ornithine, 50 
Ortho-chlorphenol, 690 
Osazone, def., 27 
Oscillating-tray beet washer, fig., 112 
OSHA, 666, 675, 691 
Osmose process, dcf., glorrory 
Osmotic shock, ion cxch. resins, 306 
Osucjko. Raphael, 333 
Ottawa, Ohio, factory, 790, 791 
OW, 691 
Ovcrcumnt protection, elect. power, 

654.7 __. . 
Overfill costs, packaged gran. sugar, 

table. 526 

TECHNOLOGY 

Overfire air, dcf., glossary; 667 
Overflow, clarifier, dcf., glossary 
Ovid, Colo., factory, 794 
Owosso, Mich., factory, 788 
Oxalic acid, 31, 42 
Oxalogenic, def., glossary 
Oxamic acid, 5 1  
Oxamide. 51 
Oxidize, de t ,  glossary 
Oxime, 27 
Oxnard, Calif., factory, 581, 785 
Ozone, air pollutant, 664 
Package weight coutrol, 525 
Packaging sugar, 5-10 Ib bags., fig., 

522 
trends in. 525, 527 

Packet machinery, 519 
Packets, sugar, 519 
Pan-drop Brix, effect an yield, figs., 

464 
feed syrup economics, 465 
impeller systems, fig., 437 
scale. 557-8 
vacuum, dcf., glossary 

Paper filter media, 281 
Parameter, dcf.. glossary 
Parathion, 690 
Parenchyma cells, 19, 120 
Paniculate air pollutants, 664 
pascal, see S. I. Append& 
Pasteur, Louis, 723 
Patterns of PUCrOSC accumulation, 23 
Paul, Idaho, factory, 792 
Padding, Ohio, factory, 790 
Payment for bccts, 65 
Pavson. Utah. factorv. 791 

I .  

pCa++,  def., glorrnry 
PCB. 690. 691 
Pectic acid, dcf., 45 

Pectin, def., 36-7 
Pectinate, dcf., 37 
Pectins in juice purif., 198 
Pekin, Ill, factory 786 
Pellaran, 156 
Pclleted b n t  sed .  4 

materials, def., 19, 25; 35-7 

xed,  dcf., glOJSOry 
Pcllcting dried beet UUIP. figs.. 634-5 . .  1 
Pento& def., 26 
Peptize, def., glossory 
Percentage body feed, rates of flow, 

Fig.. 288 
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Percent crystallization, def., glossary 
Perfectly-washed cake, def., glossary 
Perfect-wash purity, def., glorrory 
Perlite, dcf., glossary 
Penicr and Possoz, I56 
peta, see SI. Appendix 
Petiole, dcf.. g~osmy; 18 
pH. def., glossary; 159 

determination, 711, 732 
diffusion, 130 
p n .  sugar, 554-5; fig., 555 
in second carbonation, 254, 260 
optimum. fig., 257 
pattern, normal diffuser. fig., 728 

Phase, def., g~osrary 
Phenantbrcne ring, 45 
Phenol, dcf., glorrary 
Phenolphthalein. def., glossary 
Phillip, filter, 158 
Phloem cells, I20 

def., 17 
Phoma. IO 
3-phosphoglyceric acid, 20 
Phosphoric acid. 42 
Photocell, del., glossary 
Photometer, sphere, 556 
Physical losses, ion exchange, 32 1-2 
Physics of flocculation, 246-7 
Phytosterols. def., 45 
Picking table, def., glossary 
Pickup, dcf., glossary 
pico. see S.I. Appendix 
Picture Butte, Alta, factory, 697 
Pieck modification, Steffen process, 
603; fig., 603 

Pied de cuite. def., glossary 
Piesmn cincrco, 10 
Pile beets, def., glossary 
Pile covers, 88.90 

air humidity, effect on pile losses, 
86 
snpportcd bubble cover, fig., 91 

huhhle covers, 90 
canopy covers, 9 0  figs.. 90.1 
construction of ventilated ducts, 

mulchcr-blower applying chopped 

plastic covers, 88-9; fig., 89 
rigid structure covers, 90 
straw covers, 88 
a n &  covers, 90 

fig., 92 

straw, fig., 88 

losses, 86-7 
accounting, 755 
agric. chemicals, effect of, 87 
beet culture. effect of, 87 
cultivar, effect of, 87 
dehydration. effect of, 86-7 
factors affecting, 84-7 
freezing, effect of, 86 
fungicides, 94-5 
injury, effect of, 85-6 
mud and crash. effect of, 85 
nutrition, effect of, 87 
shon-term storage, 95 
sprouting fram high topping, fig., 

storage rot. effect of, 87 
temperature and atmosphere, 

effect of, 84-5 
time, effect of, 84 
washing b e t s  bcfore piling, 95 
woven polyetbylcne covers, fig., 

87 

89 
Piling, 82-3 

receiving area, 81 
sacked sugar, four-layer pattern, 

fig., 516 
Pitot tubc flowmeters, 710-1 1 
pK, def., glossory 
p b H  and temperature, fig., 160 

P. 81 L. rheometer, 393 
Plain weave, filter fabric, 282 
Planetary, def., glossary 
Plant sanitation, 723-40 
Plantation white, def., glossary 
Planteose, 34 
Plasmalemma, def., glossary 
Plastic hags, sugar, 524 
Plate and frame filters. 276-7 

PK,, 204 

pOH, 159 
measure with Kvsilka electrodes. 
205; fig., 205’ 

Poiscuille equation, 449 
Polariscope, def., glossary 
Polarization, def., glossary 

Polarograph, dcf., glossary 
Polyacrylamidcs. 243 
Polyacrylonitrile, hydrolysis of, fig., 

Polycthylcne amines. 245 
Polygalacturonic acid, 36 

direct, def.. glossory 

244 
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Polysaccharides, high molecular 
weight, 36-7 

Polymerization of aziridine, fig.. 245 
Polymerization of 

Polymerize, def., glossary 
Polyploid, def., glossary 
Polypmpylene fibers, 282 
Pond lime, def.. glorrnry 

mud, def., gloss~ry 
wastewater, del., glossnry 

ethylene oxide, fig., 245 

Ponds, conditions and reactions in, fq., 

Poned valve plug, 711; fig., 712 
Ponland, Maine, factory, 783 
Possible toxic substances, table, 690 
Parash reselvoir, def., glorsory 
Potassium salts, 60 
Powdered sugar. def., glorsory 

cartonhg, 521-2; fig., 520 
Powdery mildew, IO 
Power generation, 647-9 

Power incorporation, def., glossary 
Pmcess alkalinity, 256-8 
Precarbonation, 191 
Pmentrifuging flow schemes, fig., 456 

impmved yield by. fig., 451 
Pxcipitation curve, Steffen. fig.. 609 
k c a t ,  d d ,  glorsa7 

filter aid, fig., 287 
Pmoating. fig., 286 
Prdefccator, Kollar, 187 
Prdefeco, def.. glossary 
Preexponmtial. def., glossary 
Relimer, Brieghel-Miller, 185-96; fig,, 

687 

system, elecmcal, 64760 

186 
pH pattern in fig., 188 

Duhourg, 187 
Naveau, 186.7; fig., 187 
o m t i o n .  189 
feschner,' I 87 
Utah4daho. 187-8: fie.. 188 . " .  ~~ 

Relining, def., glossary; 185-9 
calcium carhanate recycling, 189.90 
progressive, 17 1 
sludge separation, 191 

Pressed juice, def., glossnry 
pulp, def., glossary 

yield, table. 124 
Pressing, pulp, factors affecting, 629-30 
Ressure capsule level gauges, 710 

Pressure, def.. 349 
leaf filters, 278-80 
measuring insuuments, 709 

Press water, def.. glosrory 
Preston, Idaho, factory, 794 
Prime mover, def., glosrory 
Pmcess computer. 705-8 

advankges, 706 
disadvantages, 706-7 

accounting, 756 
system. 693-705 

Process control, 693-721, 741-58 

Process flexibility, sugar end, 458.63 
flow schemes, sugar end, 458.63 
for high nat. alkalinity beets, fig., 257 
fundamentals, 114-8 
interfaces 697 
interlocking, 694 
management, 457 
options for low "at. alkalinity, fig.. 

weight (emissions). table, 668 
258 

Processed seed, der., glossary 
Programmable controller systems. 696-7 
Programmer, the, 697 
Progressive prelimiig, I 7  1 
Probability paper, dcf.. glossary 
Properties of fibers, table, 284 
Proteinates, metallic, 53 
Proteins, 45, 53-54 

ionization, fig., 53 
Protopectin, def., 36 
Protoplasm. def., glossary; 119 

Provo, Utah, factory. 7% 1 
Puddle, def., glossary 
Pulp, def. glosrary 

denaturing, 119 

driers, 626-9 

669 
air pollution abatement system, fig., 

balance, table, 629 
control, Flame Safery System, 720-1; 

dnun furnace conmol, 720; fq., 720 
emissions, 668.9 

control, 668 

fig., 720 

stack sampling, 668 1 
1 with exhaust recycle, fig., 628 

losses in, 632 
process control, 632-3 

d r p g  by heat, factors affecting. 631.2 

prrsscs, control of, 719: fig,, 719 
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Pulp, cant. 
horizontal, dia., 627 
vertical, fig., 627 
water, r e m  to diffuser. 730-1 

pressing, factors affecting, 629.30 
sugar, as fraction of, in cossettcs, 

wet, def., glossary 
table, 125 

Pulpefanger, def.. glossary 
Pulsed bed, def., glossary 
Pulverized activ. carbon, 334 
Pump, beet, def., glorrory 
Purchase of kets ,  2 
Purge. def,, glossary 
Purification systems, ion exch., 330 
Purity, def., glossary 

perfect wash, def., glossary 
saccharate, def., glossary 

juice purification, 215-6; fig., 216 
slicers, 148; fig., 149 

Putsch filter, fig., 281 

Pyramin, 9 
Pyranose, def., 27 
Pyimidines, 5 5  
Pyroglutamic acid, 42, 47 
Pyruvic acid, 23 
Pythium, IO 
Quality imperfections and causes, 

557-562 
sugar. 545-66 

Quentin process, 326.30 table, 329 
economics, table, 329 
flow diagram, fig., 329 
mechanism of exchange, 327-30 
strong cation resins profile, fig., 

328 
Quicklime. phys. conditions, imp., 

Racemic mixture, def., glossary 

Radioactive isotope, dcf., glossary 
Raffinose, 33-4 

analysis, 33 
effects on crystal shapes, 546 
saccharatcs with calcium, 33 
Steffm process, 613.6 

Randolph salt-out seed generator. 
44 1 

Rasp, bcet, def., glossary 
Rate of dcnaturization, bcet cells, 

Ratio relay, def., glorrory 

580 

, Radical initiation, def., glorrory 

diffusion, fig., 120 

Raw boiling, def., glossary 
juice, der., glossary 

nonsucrose classes in, table, 199 
Raymond, Alta, factory, 793, 797 
RCRA, 689, 691 
rds, def., glossary 
Reactivation of granular carbon, 

Recalcination in lime calcining, 577 
Receiving area, piling, 81 

station, dcf., glorrory 
Recirculation, effect on clarification, 

237 
Reclaiming beets. 83 

front end loader. fig., 84 
waste-lime technology, 587-9 

Recovery of sugar from molasses, 
118 

Rectangular diagram, 757 
Red River valley, 159 
Reduce, def., glorrary 
Reducing substance, def., glosrory 
Reducing sugars, acid degr., 28 

345-7 

alkaline degr.. 28 
def., 26 

Reduction of purif. eff., with incr. 

Reed switch. dcf.. glossary 
Refinery, sugar, def., glossary 
Reflectance, p. sugar, 548 
Refractive index, and sucrose concn.. 

Rehctometer, def., glorrary 

Relative solubility of calcium-scale 

Relaxation methods, def., glorrnry 
Relay control systems, 695-6; fig., 

696 
Remelt, def., glossary 

syrup. dcf., glossary 
Renville, Minn., factory, 796 
Residual fuel oil, 642 

Resins fouling, ion exch., 306 
Resistance punding ,  elec. power, 

Resource Conservation and Recovery 

Rhewum vibratory screen, 501 
Rhiwclonia. IO 
Ribbon pan, def., glossary 

lime, fig. 209 

389 

use in invert SYNP mfr., 540 

forming salts. fig., 269 

propcrties, table, 642 

fig., 653 

Act, 689 
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Ribulose 1,5 biphosphate, 20 
Rigby. Idaho, factory, 793 
Riverdale, Ill,, factory, 789 
Roball gyratory screens, 502-3; fig., 

503 

battery. 119-20: flow dia., 133 
Robert. Julius, I57 

evaporator. 35 1 
Rochester, Minn., factory, 786, 789 
Rock catcher, def., glosrory 

Rocker bars, def., glossary 
Rocky Ford, Colo., factory, 786 
Roller table, dcf., glossary 
Rolls, trash, def., glossary 
Rome. N.Y., factory, 784, 790, 793, 

Rwneet, 9 
Root diseases, I O  
Rosaniline method for sulfur dioxide. 

Rotary lime kilns, 584-5; fig.. 584 

wheel, def., glossary 

796 

552 

sulfur burning system, 266.7 
vacuum precoat filters. 277-8: fig., 

Rotating leaf pressure filters, fig., 279 
Rotation, crops, 6.7 

278 

def., glossary 
speed of, measurements, 7 11  

Rotex gyatery screcns, 502-3 
Rotifer, def., glossory 
Roto-Louvre granulator, fig.. 500 
Rousseau, 156 
Routes. sum enters and leaves fac- 

1 

tory, table 742 

fig., 135 
RT-Smet continuous diffuser, 135.6: 

RT-4 diNuscr. 136 
RT-SteNen process. 599-600; fig., 599 
Rubber, in sugar, 557 
RVF. def., 602 
RVNR, def., 693 
Saccharate cake, del., glossary 

def., glossnry 
filters, StcNen, 601-2 
metal, 30 
milk, def., glossory 

variation. effect on settling, fig., 
236 

mucr. SteNen, 603-4 
purity, der., glossary 
punty control, SteNen, 612-5 

thickener. def., glossary 
Saccharimeter, def., glossary 
Saccharin, 29 
Saccharinic acid, 29  
Saccharomyces, 724 
Saccharumic acid. 30 
Safe Drinking Water Act, 1974, 688 
Saginaw, Mich., factory, 787, 789 
Saint Hilaire, Que., factory, 788 
Saint Louis, Mich.. factory, 788 
Saint Louis Park, Minn., factory, 785, 

Salinas, Calif., factory, 685 
Salt Lake City, Utah, factory. 789 
Salt out. def., glossary 
Salzhurg, Mich., factory, 787 
Samplers, 67 
Sampling beets, 65-7 
Salts, lime, content, def., glossary 
Sand catchers, dcf., glossary; 108 
San Francisco, Calif., factory, 783 
Sanitation, sugar equipment, 737.8 

Santa Ana, Calif., factory, 790, 791, 

Sapogenin, 43 
Saponins, 43-4, 552 
Saponify, def., glossary 
Sanchez, F., 479 
Satellite control consnles, 699 
Satin weave, filter fabric, 283 
Saturated, def., glossary 
Saturation, dcf., glossory 
Savings, cosfs, gran. carbon, Wood- 

Savitsky. Helen and V.F., 4 
Saw, Beet, del‘,, glossary 
Scalder, tief., glorrory 
Scalding, def., g h s o r y  I 
Scale, in ~ a n s ,  557.8 I 

790 

tests, 731-2 

797 

land, Calif., table, 345 I 

Scales, cissette, 150-1 
SCF, 691 
SCM. 691 ~~ 

Schem. dia., diat. earth film., fig., 291 
Schneidcr diffuser formulas, 746 
Schoenrock modif., SteNen process, 

Schweitzer’s reagents, 35 
Sclcroliurn, IO 
ScottsbluN, Neb., factory, 786, 790 
Screen, bar, def.. glossary 

60 1 1 
I 

beet, def., glosrory 
I 
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change, 330 
Screen. bar, cant. 

cloth, 503 
gyratory, 502-3 
Hum-Mer, figs., 501-2 
mesh. 503 
Roball, 502-3; fig., 503 
Rotex, 502-3 

Screened products, 505; table, 505 
Screening eficiency. 504 

equipment, 502.3 
sugar. 501-5 

Sueenings, del., glossary 
Scxens, diffusion juice, 731 
Scroll. def.. glossary 
Seal tank, def., glossary 
Sebewaing, Mich.. factory, 788 
Second carbonation, 253-65 

basics. 253-8 
effects of added CaO on citrates 

fig., 262 
temp. and lime, fig.. 262 

equipment, 258-9 
filtration, 289 

ionic equilhria, fig., 178 
lime salts and operation. 263-4 
juice, activ. carbon. tr., 335 
optimum pH. fig.. 257 
pH, 254 

measurement. 260 
solids separation in, 260-1 
system, fig., 259 

control, 259.61 
temperature in, 259-60; fig., 260 

beet knife edges, fig., 147 

filtration, carbonation sludges, 180 

station, fig.. 289 

section 
Sedimcntauon, def., glossary 

- 
jepa process, 191 
jeparan AP30, 247 
Separator, tailings, def., glo=aiY 
Sequence interlocking, 694 

memory bank, def., glossary 
Serine, 48 
service cycle, ion exch., 3 13-4 
Scrvo.cantrol, def., glossary 

aid, addition instalh., fig., 
248 

basin, def., gloSSarY 
curves, types, fig., 236 

in clarification. 243-50 

Sevin, 690 
Shelley, Idaho, factory, 792 
Sheridan, Wyo.. factory, 789, 79' 
Shock seeding, 402 
Shoots, beets, 17-8 
Shoup, ~ & l l  E., factoy. 796 
Shroud, def., glossary 
Shutdawn procedures, ion exch., 320 
Side bars, def., glosSary 
Sidney, Mont.. iactory, 791. 7% 
siemens, see S.I .  Appendix 
siemens viscosimeters, 393 
sie~ert, see S.I. Appendix 
sieve testing, laboratory, 503-4 
Sigmoid, def., glossary 
Silica, def.. glossary 
SiIin formula. 123 

values of @for, 125 

~ i ~ i n a  ratio. 448; fig., 392 
modified. fig., 392 

number, 127 

. . ~ ~  
Seed, beet, monogerm. 4 

multigerm. 4 
pelleted, der., glossary; 4 

and development. 3-5 
.home diseases, 10 
milled. dcf.. glossary 
processed, def., glossorY 
size for contin. crystn., fig., 406 
slurry, del.. glossary 

Seeding, def., glossaT 
selector, high or low. def., glorsary 
Selenium. 690 
Semiconductor moisture detectors, 

Semipermeable membranes, ion ex- 
711 

Silo, def.. glossary 
$,ilver beet washer, 112-3; fig., 113 

&ain.typc diffuser, 136.7; fig.. 136 

n.D.S. diffuser, 137-8, 145, f%% 
diffusers, 136-8 

-~ 
137 
control dia., fig., 138 
dimensions, table, 139 
flow diagram, fig., 138 

scroll-type diffuser, 137, 
s ~ o F  diffuser. control diagram, fig.. 

electronic beet thinner, fig.. 

138 
Sink tissue, 2 I 

12 
Skimmer blow, def., glosSOrY 
Slab, be t ,  def., glossary 
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Slaker. lime, 590 
Slaking conditions, 591 
Slicer, beet, 148-9 

def., glossary 
Maguin-type, fig., 148 
Putsch, 148; fig., 149 

Slime bacteria, 725 
Sludge, def., glossary 

first carbonation, batch, fig., 195 
Don, fig,, 194 

pump. Dorrco, fig., 231 
sedimentation and filtration, 180 
separation, preliming, I91 

Slurry, first carbonation, def., glossary 
seed, def., glossary 

Small papm bags, 522-3 
bag filling and closing, 523 
baling, 523 
making bags, 522 

Smear, def., glossary 
Smithfield. Utah, factory, 792, 795 
Smythe, equation. 410 
Soaker, dcf., glossary 
Soda ash, def., glossary 
Sodium carbonate, invert syrup mfr., 

538 
hydroxide, invert syrup mfr., 538 

Sodium salts, 60 
Softening, ion exchange, 325-6 
Soft sugar, def., glossary 
Software, 697 
Soil fumigation, 1 I 
Solenoid valves, 7 I2 
Solids, total, der,, glorsory 

separation in second carb., 260.1 
Solids Waste Disposal Act of 1965, 
689 
and hazardous waste, 689-90 

CaO in sugar solutions, figs,, 160.1 
dependence on NIW, fig., 381 
product. def., glossary 

salts and acids, table, 30 
sucrose, 380-3 

Solubility, calcium salts, table, 268 

of calcium carbonate, fig., 165 

in impure solns, see Appendix E 
Soluble nonsucroses, removal in car- 

Solute, def., glossary 
Solution properties, 379-80 
Solutions, suuuse, properties OT, 

bonation, table, 199 

555-6 

Solvent, def., glossary 
Soot blowers, boilcrs, 644 
Soquel, Calif., factory, 783 
Sound-level calibrator, 675 

meter, 675 
table. 674 

power and pressure levels. graph, 
fig.. 675 " 

Source point odor evaluation, table, 
672 

regulations (air), 665 
South Geman Sugar Go., juice purif., 

Spanish Fork, Utah, factory. 790, 792 
Sparkler filters, fig., 293 
Specific heat, def., 3 50 

rotation, der., 27 
Specks, in sugar, 557 
SpciTications for !iq. sugars, t&k, 

Sphere photometer, 556 
Spider diagram, 757 
Spin, def., glossary 
Spindle, def., glossary 
Spiral tube prcssure gauges, 709 
SPL, 691 
Splitter, beet knife, 146 
Sprangled, def., glossary 
Spreader stoker, def., glossary; 667 
Spreckels beet particle and trash s e p  

218; fig.. 218 

540 

aratar, tig., I14  
factories, activ. carbon in, 341-3 
Calif.. factor". 784. 785 
floc test, 552' 
Steffen mocess. 597-9: fin.. 598 . - .  

Spring pressure gauges, 709 
Springville, Utah, 784, 793 
Spun-staple yams, filter fabric, 283 
Squirrel-cage motor, def., glossary 
SS Weibull bin., 506, 508-9 
Stachyose, 34 
Stack, boiler, 644 

gas analysis, 665-8 
Standards, sugar, 363.4 

thermophilic organisms, table, 734 
Standard gas volume table, 665 
Standard-Herscy granulator, 499-500 
Standard liquor, activ. carbon, 335 

def., glossary 
filters, fig., 290 
filtration, '290-1 

Star bin, in bin cluster. fig., 507 
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Statement of factory yields and losses, 

Static control. del., glossary 
Static elimination in explosion preven- 

tion, 5 I I 
logic control system, 696; fig., 696 

525 

table, 751 

Statistical weight control, packages, 

Staunton, Virginia. factory. 784 
Steam generator, 639 

Steadystate simulation, dd., glossary 
Steam and vapor superheat, evapn., 

357 
or vapor bypassing in evaps., 366 

filtrate, def., glossnry 
house, def., glossary 

precipn. reagents for, 595 
process. 595-615, fig., 596 

batch cooler, fig. 597 
chemistry. 604-1 I 
cake washing. 612 
cold saccharate formation, 605-7 
Cottrell-Jensen modification, 602 
equipment. 596 
extraction rates, table, 61 1 
filtration pressure, 6 12 
galactosidase process, figs., 614 
Great Western process, 600.1, fig., 

hot saccharate thickener, 603.4 
juice purif. campaigns, 223-4; fig., 

limesucrose chemistry, 607-1 1 
loss, def., glossary 
molasses concentration, 612-3 

rate, table, 649 

Steffen factory, del., glossary 

balance, 750 

600 

223 

degradation, 609-1 1 
discards, 609-1 I 

outline, 595-6 
Pieck modification, 603; fig.. 603 
precipitation curve, fig.. 609 
process, def., glossary 
raffinose in, 613-6 
recycling filtrate, 613 
R.T. process, 599-600; fig.. 599 
saccharate filters, 601-2 

mixer, 603-4 
purity, 609-1 I 

control, 612.15 
Schoenrock modification, 601 

Spreckels process, 597-99 
vortex pat, fig., 598 

technology, 604-1 5 
Toth modification, 601 
wash water distn., filtn, 612 
waste, 684-5 

Stepping switch control system. 696 
Stereoisomerism. def., glossary 
Sterling. Colo., factory, 787, 789 
Sterilization, der., 726 
Sterols, plant, 45 
Stevens coil, 468.9; fig., 469 
Stock in process, statement, table, 743 
Stocktaking, 741 
Stoichiometric, def., glossary 
Stomates, def., 18 
Stone catchers, 108 
Storage. beet, 81-99 

long term, 81-95 
bulk, facilitics, 506-14 
normal, losses. 755 
.sensitive nonsucroses and juice 

qual., fig., 200 
sucrosc in beets, 2 1-2 

Strength, sugar, 553-4 
Strike. der., glossary 
String proof, der.. glossary 
Stripping. def., glossary 
Stroke, def., glossary 
Strong anion resins regen., 3 17 
Styrene, del., glossary 
Substance, reducing. def., glossary 
Succinic acid, 38, 42 
Sucrose, see also Sugar, 30-32 

accumulations patterns, 23 
concentration within a cassette. fig., 

content. def., glossary 
crystals, fig., 545 

decomposition by enzymes, 32 

def., glossary 
dipole molecular structure, fig.. 377 
formation and sugarbeets, 17-24 
inversion, 3 1-2 
liquid, der., glossnry 
metabolism, 22 
molecule, space model. fig.. 374 
oxidation. 32 
phosphate, 21 
physical properties, 3 I 

120 

shapes from dextran. fig., 546 

in alkaline solutions, 32 
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Sucrose, cont. 
reactions, 31-2 
refractometer readings, invert, table, 

solubility in molasses. 619-20. 623-5 
solubility table, Crut. Appendir E 

storage, 2 1-2 
-sugar, def., glossary 
synthesis, 20-1 
synthetase, 22 
transport, 21 

boiling, continuous, 439-44 

bottlers’, def., glossory 
brown, def., glossary 
cartons, 520 
City. Idaho, factory, 786, 789 
conditioning, 509.10 
control legislation, 3 
cossettes with time, fig., 121 
def., glossary 
deliveries, U.S., total, table, 518 
distributed to bins, fig., 507 
drier. def., glossory 
end control and management, 

541 

Vavrinece, 382 

Sugar, accounting, 741-56 

def., glossary 

457.67 
def., glossary 

facr0r.y: dlcf.; ~ lorrary  
granulated, dcf., glossary 
invert, def., glossary 
liquid, def., glossory 
loss vs. draft, fig., 130 
mill, def., glossary 
packaging, history of, 518 
packets, 519 

production, fig., 520 
powdered. def., glossary 
product microbiology, 733-9 
quality, 545-66 

ash, 551 
bulk density and grain size. 546 
Codex Alimentarius. standards, 

color and turbidity, 555-6 
compositional factors, 549-55 
conditioning, 550.1 
C-ratio factor, 55 I 
crysystal agglomeration, 546-7 
shapes, 545-6 
size distibution, 547-8 

562.3 

dust in gran. sugar, 547 
effect of dextran on crystal shapes, 
fig., 546 

floc, 552-3 
foam tests. 553 
foreign materials, 556-7 
gloss, 549 
heavy metals in, 551-2 
MA-CV measuxment, 547-8: fig., 

548 
maintenance of sugar quality, 

447-562 
micmorganisms, 556-7 
moisture content o f p n .  sugar, fig., 

550 
detn. by Karl Fischa method, 550 

National Soft Drink Assn., standard, 
563 

odor and taste, 554 
pH, 554-5; fig., 555 
phys. factors in gran. sugar, 545-9 
Proverties of sohuons. 5556 . ~~ 

Puhty. 555 
qudity irn@ections, 557.62 

agglomeration, 
ash, 560-1 
color, high, 558-9 

floc, 560 
foam% test, 561 
tnkmorganisms, 561 
odor and taste, 554 
pan scale, 557-8 

stability in storage, 561-2 

turbidity, 559 
ralhose, effect on crystal shapes, 

reflectance, 548-9 
strength, 553-4 
sugar standards, 5634 

sulfur dioxide, 552 
water content, 549 

546 

yields and losses, statement, 743 

raw, de[, g losmy  
rrducing, contents, def., glossary 
m h q ,  def., glossay 
screening, 501-5 
soft, def., glossary 
sucrase, def.. glossoy 

Sugarbeets and chemistry, 17-63 
suaose formation, 17-24 

growth habit, 1 7  
respiration, 22-3 
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sugarkn and chemisuy, COnt 
mot, 16-20 

Sulfitation, 265-73 
chemistry of. 268-71 
def., glossary 
equipment for, 265-9 
middle juice, 273 
to control color. 269-7 I 

improve juice boiling, 271-2 
neutralize excess alkalinity. 272 

usage practices in, 272-3 
Sulfonation, def.. glossary 
Sulfur, 10 

Burning system, rotary, 266-7 
dioxide, air pollutant, 664 

in diflusers, 728 
~~~~ 1 

Liquid. use, 267-8 

manufacture of, 266 
reaction with water, 268 
sulfurous acid. 179 

method of handling, fig.. 267 

stove, 265 
and injector, Gg., 266 

Sulfuric acid, 42 
sulfurous acid, dissociation of, fig., 269 
Sunnyside, Wash., factory, 79% 797 
Superheat, del., 350 
Superheater, boiler, 644 
supematant, der., glossary 
Supersaturation, 383-6 def., glossary 

by refractive index, 395-6 
supply water fitration, 293 
surface cleanliness, evapn., 358.9 

impurities, massecuites, 466 
tension, del., glorrary 

juice, evapn. 360-1 
swaged, dcf.. glossary 
Swedish Sugar Association. 682 
Sweeten, del.. glossary 
sweetening, ion cxch., 312-3 
Sweetland filter, 274 
Sweetwater, def., glossary 
swenson FC crystallizer, 439 
s d ,  C O ~ O . ,  factory. 709 
Switch gear, elecmc power, fig., 650 
sws alfcvaporating qsm., fig.. 442 
svmmemcal component of Iault, def., 

low wash, def.. glossary 
machine. def., gloSsOrY 
remelt, def.. glossary 
--tion, cenmfu& 478-9 

~~ 

pmced&, 68 
Amalgamated automatic, 76-8 
analysis of sugar content. 67-72 
automated, 74-9 
beet driers. 69 

sample scales. 68 
toppers, 69 
washers, 69 

Ben& auto. polarimeter, 
brei. obtaining, 69 
Carver-Ogden beet washer 

drier, fig., 70 

fig.. 

and 

73 

def., glossary 
DFS system, beet analysis. 72-4 
Digestion, k t  analysis, 7 1 
equipment, 68-72 
~ r e ~ t  Western beet washer. fig., 69 
K~~~~~ auto. lab., 76, fig., 75 
Koontz plinMg p O ~ ~ S c 0 ~ ~  7 
lead solution. 7 1  
Ogden beet washer, 69 
polariscope, auto, M d m .  fig.. 73 

printing, Kuontz, fig., 71 
polarization, beet analysis, 7 1  
Revere balance, fig., 70 
Sachs.le Docte procedure, 69 
sample scales, 68 
Spreckels.Bemhardt auto. polar.. 

fig.. 72 
sugar content. analysis of, 67-72 
tare weights. hags, 525 
Weibull analytical lab., 72.3; fig., 

76 . .  
halance. 7 1 .~ 

Tartaric acid; 40. 42 
Tasco diffuser formulas, 746 

Taste in pan. sugar.. 554 
TCA, 9 

juice purification, 220; fig., 221 
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TDS, 691 
Technical accounting, 741-58 

statement. def., 743 
Technology of juice purification, 

185-229 
Telone, I I  
Temperature, activated carbon, 336 

clarification, 235 
denaturation, 128-9 
difference. evaporation, 360 
lime, effects on sec. carb., fig., 262 
scales, def., 349 
second carbonation, 259-60 

tera, see S.I. Appendix 
Teschner prelimer, 187 
tesla. see XI. Appendix 
Thermal elements, 709 
Thermistn thermometers, 708 
Thermocouples, 708 
Thermodynamic definitions, evapora- 

Thermodynamics, def., glossuy 
Tbermolahilc, def., glosso y 
Thermometers, 708.9 
Thermophile activity, detn. of, 733 

tion, 349.51 

def., glossary 
organisms, 724 

in canned food, table, 734 
Thermostable, def.. glorsory 
Thkkenc ,  h s  saccharat., Stcffrn, 

603 
saccharate, def., glossary 

Thick juice, activated carbon tr., 335 
def., glossary 
quality and process acceptance, fig., 

storage, 295-9 
463 

filtration, 292 
Thin juice, activated carbon tr., 335 

def., glosray  
filtration, 290 
storage, 295 

Thinning methods, beets, 11.2 
Third presses, def., g losray  

saturation, def., glossary 
Three-boiling material balance, table, 

459 
flow, fig., 460 

T h o n i n e ,  48 
Threshold dilution, metod, 554 
Thymidine, 55, 59 
Thpistor controls. 474 

Tightening the strike, dcf.. ~ ~ O S S U ~ V  

Time, cycles. def. glosray  
Titration cuwes, anion-excb. resins, 

f i ~ . ,  305 
~ 

cation-exch. resins, fig., 
TMD, del., 602 
Toledo, Ohio, factory, 791 
Tollens test, 553 
Toppcnish, Wash., factory, 

Tous. -beet. handline. 15 
794, 795 

304 

192, 793. 

". 
d k .  glosmry 

Tomnaton. WYO., factorv. 791. 795 
Total solids. d k ,  glossa; 

temperature difference. cuapn., 

Toth modification, Steffen process, 

Toxaphene, 690 
Toxic pollutants. list, 690 
Tracy, Calif., factory. 792 
Tramp air, def.. glossay 
Transportation lasses, 755 
Trash catcher, def., glossary 

Treflan. 9 

361-2 

60 I 

rolls, def., glossury 
scncn, def., glossary 

Trends in packaging, 525-7 
Tricalcium citrate, 43 
Tricarballyllic acid, 39 
Trilime sucrose, 604 
Trimethylamino group, del:. 54 
Trisaccharides. 33-4 
Triterpine group, def., 43 
Troposphere, constitution of, 663-4 
Truck receiving hoppers, 104 

shipment, gran. sugar, 513-4; fig.. 
514 

True beet roots, 18 

Tryptophan, 49 
TSS, 691 
Tube composition, evaps., 359-60 
Tubular element pressure filters, 278 
Turbidity and color of sugar solns., 

Turbine, electric, fig., 648 

Twill weave, filter fabric, 282 
Twin, def., glossary 
Twin Falls, Idaho, factory, 792 
Two-boiling material balance. table, 

purity, def.. glossury 

555-6 

(rotary vane) flowmeters, 710 



SUBIECT INDEX 847 

Two boilinc. cont ". 
459 

now. fie.. 458 
Tpica l  modern long.tube vert. evap., 

fiP., 352 - 
Twelve-row seed drill, fig., 6 
Tyosinase, 56 
Tyrosine, 48, 56 
Ulbricht sphere, dcf., glossory 
Ultrafiltration, def,, glossary 
Ultrasonic level gauges. 7 I O  
Ultra.vicoson viscosity sensor. 393 
Unaccountable, inside-factory losses, 

Unaccounted loss, def.. glossay 
Underfeed stoker, def., glossory; 667 
Underflow, clarifier, def.. glossoy 
Union Carbide gas-fired kiln, fig., 574 
United States Environmental Protec- 

Unit ooeratian. iuice ourification. 

750.55 

tion Agency, 663 
., , 

185.i94 
Upgrading, massecuite, 466-7 
Uracil. 55, 58 
Urea, 55 
Uridine, 59 
U.S. filters, fig., 290 

Utah.ldaho prelimer, 187-8, fig., 188 
Vacuole, 19 
Vacuum pan control, 7 17; fig., 7 18 

total sugar deliveries, table, 518 

microbiology, 731 
satellitc panel, Chandler, Aliz., fig., 
701 

Vajna system, ion exchange, 324 
Vallez filter, 274 
Valves, 711.14 
van der Waals' forces, 333 
Van Leeuwenhoek, Anthon, 723 
Vapor. def., glormry 

oressure of lisuid sulfur dioxide. 
fig., 268 

velocity, evaporation, 355-6 
Variation of beets in a TOW, tables, 66 
Vascular tissue, def., 17 
Vavrinecz coeffs., for soly. equation, 

table, 381 
solubility table, 381 

Vernalization. def., glO5SOly 
Vertical crystallizer installation, fig., 

Verticillium, IO 
454 

Vibratory screening equip., 502 
Vinyl chloride, air contaminant, 670 
Virgin molasses, der., 61 1 
Visalia, Calif., factory, 784. 785, 790. 

Viscosity, affected by supersam., fig., 
793 

393 
in crystallization, 386-7 
molasses redn. from impurities, fig., 

-temperature, fig., 393 
Volmer expression. 401 
Vortex pot, fig., 598 
Wagheusel factory, 156 
Wahpeton, N. Dak., factory, 796 
Wallaceburg, Ont., 797 
Ward Leonard centrifugal drives, 

Warehouse operations, 51 1-7 
Wash, cold., def., glossoy 

387 

473-4 

law raw, separation, fig., 467 
syrup, def., glosrory 
water pump. cenuif., fig., 478 

Washer, beet, def.. glossary 
Waste disposal, ion exch., 323 

inorganic impurities buildup, 588 
lime. def., glosrory 

analysis, table, 588 
loss. dcf., glossay 

main def., glosrny 
organic impurities, 589 
physical nature, 589 
properties, 588 
reclamation, 583-7 
water, 677-89 

composition, 678; table, 678 
filtration, 293-4 
flow in factory, fig., 679 
regulations, 677-8 
sampling and analysis, 678 

Wastes, ion exch., 688 
miscellanmus, 686-8 

Water, as solvent, 377-8 
burning of lime, 592 
change in cassettes with time, fig., 

condenser, def.. glorrnry 
content in gran. sugar, 549 
dilution, effect on crystn.. fig., 465 

limit of yield, fig., 449 
massecuitc, 448 

126 

distribution with siphon tubes, fig., 
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Water, as solvent, cont. meter, fig., 708 

rock, dcf.. glossary 
13 Wheel, beet. del., glossary 

flume. del.. glossary 
invert syrups, 539 
press, der., glorsory 
recycle, effect on raw crystn., fig., 

scrubbing, air, 666 
-soluble polymers as settling aids, 

structure. fig., 378 rule, 624-5 

White boiling, def., glossary 
Whitehall, Mont., factory, 793 
White Pigeon. Mich.. factory. 783 

Wiarton, Canada. factory, 790. 797 
Wiklund juice purif., 220 

465 Whitncy, Idaho, factory, 790 

243-50 process, 171 

Watsonnlle, Calif., factory, 789, 791 
Waverly, Iowa, factory, 785. 790 
Waverly, Wash., factory, 785. 793 
Weak anion exch. regeneration, 316-7 
Weed control, 8-9; fig., 9 

Weibull storage bin, 506, 508.9: fig., 

Weight control, packages, 525 

Windsor, Colo., factory, 788 
Winnipeg, Man., factory, 797 
Wintzell-Lauriteson process, 127 
Woodland, Calif., factory, 795 
Worland, Wyo., factory, 793 
World distn. of beets, 1 
WR, def,, 693 

Yakima, Wash., factory, 784 
Yam, fdter fabric, 283 
Yeasts, def., 724 

liquid sugars, 736 
production from molasses, 618 

Yields and losses, crystallization, 

seedling numbers, tables, 8 

508 Xanthine, 58 

first net, def., glossary 
level gauges. 709 

150; tahlc, I50 
Weightometer, Menick, 150; figs., 

Wellner, 350 Yellows. IO 
West Bay City, Mich., factory, 786 

Farnham, Que., factory, 784, 793 
Jordan, Utah, factory, 792 

Weston-typc centrifugals, 470 
Wet hopper. def.. ~losrary  

pulp, def., glorrory 
scrubbing, def., glosrory 

465-6 
in U.S. beet-producing areas, fig., 3 
statement of sugar, 743, table, 751 

Zagrodski process. juice purif.. 221 
Zeolite, dcf., glossary 
Zone, labile, def., glossary 

metastable, del., glossory Wheatland, Wyo.. factory, 795, 505 
Wheatstone bridge, resistance themo. 
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Figure 5.21. Flow diagram of the composite North American beet.mgar fertory. It ia 
intended that each unit operation or material flow path be that used by more factories 
than any other. 'I%< only purporcful violation of this principle is the presence of 
the Steffpn proceas, which most facrotier do not incorporate. Within the Stcffrn proccds. 
however, the composite concept is followed. The diagram doPa no( nevaari ly  represent 
majoxiry usage. For ex%mpk, if 20 factories use machine A, another 20 factories ute 
machine B, and the remaining 23 factories use michine C, the drawing will show machine 
c. There may not be a factory which follows this diagram in every detail, and probably 
no company would wish to build such a factory, since in several areas it show8 gradual 
modernization. The diagram is bared on data in Appendix C, and other data obtained 
when it was compiled. ST. = Steften house; S.H. = straight house. 
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