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SUMMARY

The rapid rise of industrial Los Angeles to international prominence has been
accompanied by the natural corollary - a record influx of population - together with
greatly increased production and febrication of steel and nonferrous and light met-
als; industrial mineral processing; and high consumption of fuel oil, gasoline, end
chemicals. These have resulted in the release of hundreds of toms of metallurgical
and mineral dusts, fumes, and gases into the atmosphere deily. Los Angeles County,
intrinsically, is no worse than other industrial centers in respect to the geners-
tion of atmospheric contamination. It 1s, in fact, more fortunete in that no coal
is used, and 1t has no grest primary metallurgical industries compareble to thcse of
Chicago and Pittsburgh. Meteorologic and topographic peculiarities of the ares,
however, which result ir poor drainage of the polluted air away from the Los Angeles
Basin, serve periodically to greatly increase the intensity and frequency of inius-
trisl smog visitations. This combination of intense industrialization, population
influx, climate, and Topogrepuy Lus wede watdatury conitrcl of 2ir rollutinr recessary.

The nonferrous pyrometallurgical industry of Los Angeles has three rether unusuel
cheracteristics that contribute to its difficulties in developing suitable fume coz-
trol: It consists of a multiplicity of relatively small establishments subject to
wide variations in products end operating schedules; operations are largely of thre
secondary or reclaiming nature and, therefore, often work dirty scrap metals; aud,
unfortunately, much of the industry is concentrated, to a considerable extent, rear
the center of the city. A difficulty inherent in most nonferrous foundries, inzlud-
ing the many brass-works melting alloys containing zinc, is the high volatility of
zinc and the extremely small meen particle slze of the resulting zinc _.ide fume,

The nonferrous industry of the area, after extensive investigation of tue ceuses
and nature of its stack emissions, has, at this writing, found only one type cf
equipment that could be depended upon v adequately remove particulate matter
emitted by the larger furnaces in which the gases are characterized by heavy dust
loadings at high temperatures. This is a specially equipped beghouse, ard its 71
cost is rather high. For smaller furnaces, particularly of the crucivle type, ik
conventional sock-type baghouse has proved satisfactory and economical where smal
volumes of cooler gases are treated.

o

Other established gas-cleaning methods, such as dynamic scrubbers, electrical
precipitators, and packed towers, ere being adepted and, in time, may provide &
choice of equipment capable of producing the necessary reduction of obJjectionetle
emissions from nonferrous operations. The inert sleg cover, which reduces emission

at the source, has proved fairly effective and economical, perticularly with the

Coi iR Ao omd poprinsg 1e3ils ) but itz svccessful uce demende or the <11
ST .
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The gray-iron-foundry branch of the ferrous industries has not fared as well as
the nonferrous branch, despite extensive investigation and development of equipment
for control of cupola emissions. Fumes from most other iron-foundry operations long
have been under edequate control. Appreciable progress has been made in adapting
equipment suiteble technically and costwise for cupola-exit gases, and development
continues. Equipment capable of producing the required clearances is undoubtedly
availeble but is not as yet within the financial abllity of many smail foundries.
The baghouse equipped with specially woven glass-fabric bags, as used ccommercially
in the nonferrous industry, has techknically been the most successful single device
to date for controlling cupola emissions and has been proven in pilot operations.
An industriasl installstion to serve one of the largest custom foundries in the area
is under construction.

Electric and open-hearth steel makers, mostly large-scale operators, have been
more fortunate. After extensive investigation, electrical precipitation has been
adopted for cold-metal open-hearth work, and hydrodynamic scrubbers ani baghouses
have been adopted for electric-steel-furnace fumes. In addition to the fact that
such equipment removes the necessary dust, capital and operating costs were impor-

tant factors in thelr selecticn,

Air-pollution problems of ronmetallic minerals processing industries ere, for
the most part, subject to resolution through the use of stendard, high-efficiency,
dust-removal equipment, within the industries' abllity to pay. Accepteble and work-
eble standards for solid par<iculate metter have been establicshed for tolerehle
emissions under Air Pollution Control District regulatiocns.

Among the many tactors in the control of metallurgical and mineral dusts end
fumes in the Los Angeles area, two are perhaps most apparent as the campaign matures:
(1) The necessity for a high recovery of micron-size particles and trhe difficulties
involved in this are becoming better appreciated; and (2) the fact that the electri-
cal precipitator and the beghouse are the most versatile and positive devices demon-
strated industrially to date for accomplishing the necessary end. The precipltators,
large and small, operated wet or dry, are the answer to some of the most difficulst
problems in ferrous and light metals work and industrial-mineral processing, Units
as small as 10,000 c¢.f.m. are in satisfactory operation, and smaller and lese ex-
pensive ones are expected to be available in the near future. Baghouses, varticu-
larly those designed and equipped for operation at high temperature (250°-50C° F.),
are producing excellent results in both ferrous and nonferrous work at costs thet
most industries can efford., These and other types of equipment, including the d&y-
nemic wet scrubber esnd packed tower, found suitable for specific applicetions alone
or for use in combination with others, make adequate control of metallurgical end
industrial mineral dusts and fumes an eventual certainty.

INTRODUCTION

Industrial Los Angeles

The role of metallurgical dust and fumes in atmospheric contamination in Los
Angeles County has become increasingly important because of the phenomenal growth
of industrial production and population. "Los Angeles now stands third among the
country's metropolitan areas in bank debits and deposits, retail sales almost $5
billion iast year (1948) and total income payments to individuals $7.5 billion."s/

- D N T LR S
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Much of this is attributed to industrialization., Velue added by manufacture grew
from $505 million in 1929 to $2,052 million in 1947,5/ an increase of 40O percent.
The populetion of Los Angeles County concurrently increased from 1,238,000 to
h,l25,000.§ Corresponding increases have occurred in motor vehicle registration
from about 800,000 to 1,825,000;1/ gasoline consumption from 500 million to over
900 million gellons annually; ard fPuel-oil consumption from 1 million to 5 million
barrels annually.

Metallurgical Industries

The dollar value of industrial production in Los Angeles exceeds that of the
Pittsburgh msnufacturing area, including the latter's great steel industry, and
probably ranks fourth in the Nation, exceeded only by New York, Chicago, and
Detroit.§/ The metallurgical industries of Los Angeles, however, are much smaller
individually and are scattered over an area of several square miles. In 1947 about
300 of the 10,000 manufacturing establishments were classed as primarily metal in-
dustries.g/ Nevertheless, the value of the production of the metel industries added
to that of the closely related metal-fabricating industry is second only to the
transportation industry in velue of menufactured products in the Los Angeles retro-
politan area. If to the value of metallurgical and metal fabricating is added that
of the oil and chemical industries, the combined production leads the list of classi-
fied industries. This combination is generally thought to be the basis of Los
Angeles' smog problem. Other industries, of course, contribute, particularly agri-
smlture  wanduarking  industrial-mineral processing. and machinery. In short, the
simultaneous growth of industrial production and population, which "in the space of
a very few years has developed Los Angeles into one of the great industrial com-
plexes of the world,"lQ/ has brought smog in its wake and made control of air pollu-
tion absolutely imperative.

Bureau of Census, Cemsus of Manufactures, 1947: Bull. MC 104, 1949, p. 8.
In 1947, Los Angeles and Orange Counties were included in the Los Angeles
Metropolitan area.

Bureau of Census, 1950, for Los Angeles County; total for the metropolitan
area, 4,339,200.

As of January 1, 1950. Tourist entries sbout double this number.

See footnote 4.

See footrote 5.
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Other Aspects of Alr Pollution

The physiological,}}/ administrative,lg/ and economicli/ aspects of alr pollu-

tion and the legsl status&&/ of its regulation have been dealt with in many author-
jtative papers. Methods and instrumentationld/ for sampling and determining physical

11/

Townsend, J. G., Short-Range Exposure to High Concentrations by Air Pollutants:
U. S. Tech. Conf. on Air Pollution, May 1930, (in press).

Foulger, John H., Physiologicel Effects of Chemicel Contaminants of the Atmos-
phere: Proc. lst National Air-Pollution Symposium, Stanford Research Inst.,
Los Angeles, Calif., November 1949, p. 121.

Largent, E. J., Effects of Air Pollution in Donora, Pa.: Proc. 1lst National
Air-Pollution Symposium, Stanford Research Inst., Los Angeles, Calif.,
November 1949, p. 129

Ashe, W, F., Acute Effects of Alr Pollution in Donora, Pa.: U. S. Tech. Conf.
on Air Pollution, Weshington, D. C., May 1950 (in press).

Los Angeles County Air Pollution Control District, Annual Reports 1947-48,

15 pp.; 1948-49, 56 pp.; 19%9-50, 49 pp.

McCabe, L. C., National Trends in Alr Pollution: Proc. lst Naetional Air-Pollu-
tion Symposium, Stanford Research Inst., Los Angeles, Calif., November 1949,
p. 50,

Larson, Gordon P., Reduction at the Source: Proc. lst National Air-Pollution
Symposium, Stanford Research Inst., Los Angeles, Calif., November 1949, p. 77.

Alpern, A. X., Problems in the Strict Enforcement of Air-Pollution Control:

U. S. Tech. Conf. on Air Pollution, Washington, D. C., May 1950, (in press).

Walker, Herb. V., The Hearing Board Under the California Air-Pollution Centrol
Act: )U.S. Tech., Conf. on Air Pollution, Washington, D. C., May 1950 {(in
press) .

Gibson, W. B., The Economics of Alr Poliution: Proc. lst National Air Pollu-
tion Symposium, Stanford Research Imst., Los Angeles, Calif,

Welch, Harry V., The Fume and Dust Problem in Industry: Trans. Am. Inst. Min.
and Met. Eng., vol. 185, December 1949, p. 934,

Johnson, V. W., Air Pollution in Relation to Economics: U, S. Tech. Conf. on
Air Polluticn, Washington, D. C., May 1950 (in press).

Hansen, Richard F., Statutory Regulation of Air Pollution: An Appraisal of
Existing Laws and Proposals for Future Laws: U. S. Tech. Conf. on Air Pollu-
tion, Washington, D. C., May 1950 (in press) .

" Hartman, M. L., Legal Regulation on Air Pollution: Ind. Eng. Chem,, vol. 41,

Novewber 1949, p. 2391.

Stanford Research Institute, Second Interim Report on the Smog Problem in Los
Angeles County: Los Angeles, Calif., August 1949, 64 pp.

Brunetti, C., and others, New Developments in Instrumentation for Air Pollution
Studi;s: U. S. Tech. Conf. on Air Pollution, Washington, D. C., May 1950 (in
press).

Silverman, L., Sampling of Industrial Stacks and Effluents for Air-Pollution
Control: Proc. lst National Air Pollution Symposium, Stanford Research Imnst.,
Los Angeles, Calif., November 1945, p. 55.

Air-Pollution Control District, Test Procedures and Methods of Sampling in Air-

g Pollution Control: Los Angeles, Calif., 1950.

Western Precipitation Corp., Gas and Dust Measurements: U4th ed., Bull. 50,

~ Los Angeles, Calif. '

‘rown, C, E., and Schrenk, H. H., Standard Methods for Measuring Extent of

i ~r
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characteristics and concentrations of atmospheric contaminants also have been de-

geribed. It remains for thig report to deal with the steps taken by specific metal-
lurgical and mineral industries in the Los Angeles area to determine the nature and
amount of dust and fume they produce and the methods used to control their emissions

at the source.

Metallurgical operations have long been recognized as prime producers of atmos-
pheric pollution in the forms of dust, smoke, fumes, and noxious gases. It has been
estimatedié/ that about 80 toms of metallurgical dust and fume were discharged deily
into the Los Angeles atmosphere before the advent of pollution control.

Metallurgical industries historically have been separately grouped into ferrous
and nonferrous, although they have much in common from the standpoint of air pollu-
tion. That convention is followed here.

Acknowledgments

The Nonferrous Foundrymen's Smog Committee,ll/ a voluntary association of locel
concerns formed under the auspices of the Los Angeles Chamber of Cepmerce, has fin-
anced extensive technical investigation of the problem of air contaminstion produced
in nonferrous-foundry work and has published preliminary results in formal reporzsl
and brochuresl?/ of much practical value to foundrymen. The committee's reports &r
the source of much of the subject matter contained in this report. Specisl creiit
i5 due bu whe VoIy Sopotlic povconmel of the Vernan Warks. Aluminum Co. of Americe,
for supplying informaetion concerning control of fume from open-hearth alunirue-21107
furnaces and from dross treatment and to the company for permission to describe scze
of its findings. Reports of investigations made for the Gray Iron Foundry Smog Com-
mittee, a group similar to the nonferrous one, also have been used freely in thls
report. Producers of electric steel castings, working through the Los Angeles Steel-
Foundry Group, supplied valuable data and cooperation. These are but a few of the
many organizations now maintaining close liaison with Air-Pollution Control District
in the movement to reduce air pollution in the Los Angeles area. Valuable advice azd
whole-hearted cooperation were obtained from the director and staff of the Air-Pollu-
tion Control District of Los Angeles Coully.
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Published reports of many orgenizations and works of investigators ccntained in
symposiums on air pollution, particularly those relating to the Los Angeles prcblexd,
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the First and Second Interim Reports - The Smog Problem in Los Angeles County, rub-
1ished in 1948 and 1949, respectively, Dby Stanford Research Institute and sponsored
by the Western Oil and Gas Association. Other valueble sources of background &and
specific information include: Atmospheric Contamination and Purification, & sy=ro-
sium reprinted from Industrial and Engineering Chemistry, November 1949; Proceedings
of the National Air-Pollution Symposium, sponsored by Stanford Research Institute,

16/ Los Angeles County Zir-Pollution Control District, Annual Report 1948-49: . 1=,

17/ A. L. Goodreeu, chairman, oh1l Sante Fe Ave., Los Angeles li, Calif.

l_/ Industrial consuyltants, Report on the Air Conteminants Produced by Furnaces in
tha Namferrons Foundry Industry: April 1948,

13/ aaeoewrous FTourdmiman's Snig cuoibttae, Furiely ZXullall JlLoanl:

Lalir,
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Californie Institute of Technology, University of California and University of
Southern California; United States Technical Conference on Air Pollution, May 1950,
sponsored by the Interdepartmental Committee on Air Pollwtion, Washington, D. C.;
Metals Handbook, 1948 edition, published by American Society for Metals; material
fProm the technical press, business concerns, and private correspandence with con-
sulting engineering firms. An effort has been made to properly credit these and
many other sources in footnotes in the text.

Special acknowledgmen® is made to Gerdon P. Larson, director, Los Angeles
County Air-Pollution Control District, for his assistance in this work and for
meking available the data upon which this paper is based.

NONFERROUS PYROMETALLURGICAL INDUSTRIES
Introduction
Secondary Metals

Nonferrous pyrometallurgical industries in Los Angeles County, of interest from
the standpoint of air pollution, include establishments workins the cormon tuse met-
els copper, zinc, ani lead; the light metals aluminum and porzosium; and, o & Lesser
extent, the more valusble metals nickel, tin, silver, and tkheir innumerscle alloy
combinations. Those currently opersting in the Los Angeles arez are almost exclu-
sively secondary-metal producers, foundries, or both., Fortunatel;, frcm the stand-
point of air pollution, no major nonferrous smelteries are in oreration in Los Angeles
it

Establishments

Census of Manufacturesgg/ placed the number of nonferrous metallurgical estab-
lishments at 257 in 1947; of these, 168 were foundries. A recent estimate2l/ placed
brass and bronze foundries at 100; aluminum, magnesium, and light metal alloys, TD;
and aluminum-scrap reclaiming, 25. This does not include & few plants making zinc
and lead casting and bearing metals, or some of the smaller captive foundries oper-
ated intermittently to produce parts only for use in its own assemblies,

Many of the larger nonferrous metallurgical establishments are in the highly
concentrated industrial area begirning north of the Union Station and continuing
south through the apparel and packing-house districts, spreading both east and west
as it contirmmes southward through Vernon, Huntington Park, the central manufacturing
district, Maywood, and South Gate, 211 withinm 7 miles of the City Hall and extending
over an area roughly 3 miles wide and 10 miles long. These areas are shown in
figure 1.

Smaller nonferrous plants, mostly alloy foundries making innumersble brass,
bronze, zinc, lead, aluminum, and magnesium products and plating and other estab-
lishments working cedmium, chromium, and precious metals, may be situated almos?t
anywhere in the Los Angeles Basin, comprising some 1,050 square miles. The larger

20/ Bureau of the Census, Census of Manufactures, 1947, California: Bulletin MC

104, 21 pp. ,
gl/ Communiration from Robert L. Chass, asst. director, Los Angeles County Air-
Folouoaon Coimrol LisTriot, seonosnir A
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units of the wrought copper, brass, and bronze jndustries center in Maywood about
5-1/2 miles southwest of the Civic Center. The largest single unit of the light-
metal industry is in Vernon, only 3 miles southwest of the City Hall.

With but few exceptions, the great majority of the 200 or more esteblishments
in this category in Los Angeles are relatively small plants locally owned and oper-
ated to serve other industries such as automotive, oil, aviatlon, construction,
chemical, and moving plcture. Probably not over 20,000 of the Los Angeles total in-
dustrial lsbor force of some 360,000 are employed in strictly metallurgical indus-
tries, and perhaps less than 8,000 are in the nonferrous metallurgicael work (exclud-
ing metal febricating and machinery) .

Copper and Copper-Base Alloys

Introduction

Copper and copper-base alloys are being produced in increasingly important
volume in Los Angeles County. Much of this producticn is in wrought items from
nearly pure CoOpper, such as tubing end ceble, in brasses for both working and cast-
ing, which may contain upwerd of 40 percent zinc, and in bronzes contelning tin as
the chief alloy constituent. The working of nearly pure COpper and bronze does not
have great interest from the stendpoint of eir pollution, since little metal 1s
volatilized because of the high boiling points of copper and tin (above L,0C0° FL.)
and their low normal pouring temperatures of about 2,000 to 2,200° F. With good
melting practice, totel stack losses may be held to a small fraction of 1 percell
of the process weight involved, However, the bresses,22/ containing 15 %o LD per-
rent 7inc. which are poured at temperatures near their boiling points (about/

2

Ve D am -

2,200° F.), may lose 2 to 15 percent of thelr zinc COLLUCLLY Uikt wugis soming 22

However, the production, furnacing, and casting of all copper and copper-base
alloys require furnace operations at high temperatures that are usually produced by
combustion of carbonaceous fuel. Such operations involve production and hendlirg of
large volumes of gases, which may accumulate solid particulate matter in the forms
of process dust as metal particles, condensed lead and zinc fumes, and unconsumed
fuel. In practice this may amount to 2 percent of the total weight of the material
charged into the furnace. In the aggregate, nonferrous furnacing undoubtedly raxes
an appre~iable contribution to air pollution unless the dust-suppressing equipment
is adequate.

Foundry Practice and Equipment

In the Los Angeles area copper and nigh-copper alloy shapes for working, such &s
slebs and billets, are usually produced in large gas- and oil-fired furnaces of the
reverberatory type. Brasses and bronzes for working are melted mostly in low-fre-
quency induction furnaces in some of the larger works and in crucible-type fuei-fireld
furnaces in the smaller Jjob-foundries. Electric furnaces, both arc and inductlon
types, are used in this area for castings also. It is difficult to generalize,
therefore, regarding furnaces and their melting practices.

22/ The term "orecses" &5 used in this report will not Ye restricted techniczlly to
alloys of copper and zinc but will include high-grede bronzes and alloys con-
taining lead and zinc,

gj/ Fume in this report is used in the metallurgical sense meaning condensed fume,
nn A:eivsd In sppendix A of this report, dealing with rules and regulaticms.

SV e u A e ta ama I R e
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A check of cormercial nonferrous Job foundries making castings at midyear 1949
indicated that 80 percent of the furnaces operating in Los Angeles County were the
crucible type. About half of these were small pit furnaces of 50 to 200 pounds
capacity, and the other half were tilting furnaces with crucibles holding 1,000 to
3,000 pounds of metal per melt. Twenty percent of all active furnaces was about
evenly divided between rotary, barrel, and kettle types holding up to 3,000 pounds
per charge.

Open-flame furnaces in the area, proved by actual test to be no more efficient
in heat utilization than indirect-fired furnaces, are somewhat more difficult to
hood effectively, and the metal losses are high, since the metals and the hot, high-
velocity combustion geses ere in direct contact. The Los Angeles tests on this type
of furnace have indicated that it 1is improbeble that any direct-fired furnace melt-
ing alloys containing lead and zinc can be operated without producing fumes over the
legal allowance based on welght of material processed.

The indirect-fired crucible-type furnace is used extensively in tre Los Angeles

_area, particularly in foundries requiring gmall- and medium-cize =21ts. The lift-out

crucible is freguently employed in small furnaces. Tests in oz bnzeles neve demon-
strated thet, with careful practice and use of slag covers, thc pezlloorininle TS
nace is quite capable of low-fume operation within the legel J:oiog of SUCL. gL.ofions
for alloys containing up to 20 percent zinc. _

Larger foundries often employ open-hearth or reverber furneces Usirng
~31 Ay mecenf fnel. These are charged through the end © the main fuel
turners or through an outside charging well. This type O Iulwace Lmn Louas oeeoma: 0
produce high 1osses of lead and zinc fume in exit gases gnd heu ~v dust loadings of

J

other particulate matter on account of the direct firing and large volume, and, therer
fore, usually high velocity, of combustion gases. The use of tiz reverberatory fur-
race is favored because of its lsrge capacity and the ease of delivering the gases 1o

recovery equipment.

3

Large foundries, particularly the large captive esteblishments, which may enjoy
more continuous operation and low electric-energy rates, are finding tne induction
furnace eccn-mical under these conditions and very satisfactory in regard to metal
josses and fume emissions. Temperstures are easily controlled and coztemination
from combustion gases 1S completely eliminated in the jncandescent recistance-type
of rocking furnace. It 1is well esdapted to high copper-nickel alloys but not for
zinc-rich alloys because of the high local temperatures around the heating element.

Procedures

Foundry procedure varies so much with different foundrymen, furnace types, and
alloys that it is sometimes difficult, from the operating standpoint, to distinguish
good fram bad. Practice considered good at one foundry may be avoided at another.
In melting high-copper alloys, for exemple, the copper and copper SCTrep may be com-
pletely melted before the zinc is added. Another foundry may favor early addition
of zinc and other jow-melting-point metals and may use no protective cover or flux
to reduce the amount of dross formed or the loss of metal by volatilization.

From the standvoint of air pollution, however, there is now little reason to

NS . coa mmmm oA

e . . . e Ve e -
O U oy - N

L5558 -8 -




kit e

Angeles Foundrymen's Smog Committee concluded, after testing several common types of
furnaces, that the greatest opportunity for reduction of air pollution in the non-
ferrous foundry is in more careful foundry procedure, meaning the proper control of
such factors as the order in which the metals are added to the furnace, fuels used,
air:fuel ratios, temperatures and overheating, and pouring and casting. The rela-
tion of these factors to air-pollution control will be discussed, giving due con-
sideration to their relation to furnace equipment already installed.

Fuels

Virtually all fuel-fired furnaces in the Los Angeles area burn cil or gas, end
use of the latter is increasing. Coke is used very little for fuel but may be em-~
ployed for cover meterial where a reducing atmosphere must be maintained. No coal
is used. Both direct- and indirect-fuel-fired furnaces are in general use, the
open-flame type predominating somewhat in the large-capacity units and the indirect
crucible in smaller batch operations in job foundries melting up to 500 pounds.
Both have low thermal efficiency (sbout 15 to 20 percent).

Natural gas delivered to the Los Angeles area is virtuelly an ideal fuel for
furnacing nonferrous metals in either open-flame or crucible-type furnaces. It con-
tains only a few nundredths of a grain of sulfur per thousand cubic feet. Its com~
bustion, therefore, adds no deleterious substances to the metal bath or to the exit
stack gases, and furnace ermissions contain no smoke or other particulate matter re-
sulting from combustion if proper combustion conditions are mainteined,

rFueL Oll SOLG in Tuhe Los Algeles area w8y conbain 0.00 L0 Z.0 peiceut sullw
and produces a fly ash containing vanadium, up to about 25 percent of the weight of
the ash, which is unimportant metallurgically but may contribute to air pollution.

Improper combustion of fuel oil can and does contribute to alr pollution througn
emission of smoke and soot. There is little excuse for tiis, either practically or
economically, because combustion can be closely controlled. However, the emission
of noxious sulfur cmpounds in exit gases cannot be avoided, except through removal
of sulfur from the oil during refining or subsequent removal from the stack gas by
mechanical or electricel means before release into the atmosphere. The first alter-
native involves rather compliceted chemical procedures during oil refining, and the
latter requires instsllation of expensive collecting equipment. The obvious solu-
tion for foundrymen is to purchase only low-sulfur fuel oil, even though it mey cost
more.,

Some of the larger establishments are equipped to burn either oil or gas, a
practice that is both efficient and economical. When both are available, the choice
may depend on price.

Temperatures

The necessity for close control of temperature and the resulting benefits to
quality and cost of product are well-understood by all nonferrous foundrymen. The
amount of metal losc and the nature and amount of air pollution resulting from ex-
cessive melting and pouring temperatures have received much less study. Air pollu-
tion resulting from volatilization of metals from high-copper alloys during furnacinrg
e e R oa st seteT emee 20 nemn - Anontda Ahe 2T ayatad tovrorotor s v T
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even lead commonly used in such alloys. Copper-base alloys containing 20-40 percent
zinc have low boiling points of approximately 2,lOO° F. and liquidus temperatures of
approximately 1,700°-1,900° F. and are poured at approximately 1,500°©-2,000° F.,
which is only slightly below their boiling points. Pure zinc melts at 787° F. and
bolls at l,663° F. Even within the pouring range, high-zinc alloys may boil and
flash the zinc to zinc oxide if the metal is exposed to open, direct flame. The
zinc oxide formed is submicron in size, and its escape to the atmosphere is diffi-
cult to prevent without expensive collection equipment.

The relation of melting end boilling points to pouring temperatures is shown in
figure 2 for metals and alloys used in nonferrous foundries. The boiling point of
alloys containing zinc are lower roughly in proportion to the zinc content,

- Slag Covers

A technique locally termed "slegzing" hes been perfected in the Los Angeles area
nonferrous foundries in their efforts to reduce air pollution., This technique de-
creases the tendency of zinc and of leed in alloys to veporize at furnace tempera-
tures on contect with alr end discharge as oxide fume with the stack gzses during
the melting and pouring. Slag covers found effectlive for this work are not a true
refining flux or slags in the usual metallurgical sense, such as those formed by
borax, soda, silica, lime, and similar materials. They are heavy, tenacious, inert
materials, which seldom purge the alloy of undesirable impurities or affect its
analvais. hut thev do prevent oxidation, are eas?ly skimmed. do not tend to flow
with the metal into the pouring sprue, and can be used many times., The slag will
not form inclusicns in the castings, In practice,gﬁ the slag cover on the crucible
in the tilting furnace is not transferred to the pouring ladle during pouring;
rather a slag cover is added directly to the ladle. For working with alloys con-
taining more then 10 percent zinc, some foundrymen follow the practice of using one
of the well-known fluxes, such as Cuprex, in the furnace crucible and a heavy tena-
clous cover, such as Perlox, on the pouring ladle to prevent oxidation and fuming
during pouring. With melts containing less than 10 percent zinc, others used the
Perlox in both melt and pour. Some success has been obtained with slags in the

nited Stater revolving-type furnace,-but re-ults are not as satisfactory as with
the crucible type. Another foundry, melting brass composed of 85 percent copper,

1C percent zinc, and 5 percent leed in Fisher tilting lurnaces, keeps the furrace

crucible well-covered through the melting period with a 1/4- to l/2—inch cover of
Cuprex and uses Perlox to cover the metal in bottom-pour crucibles during pouring.
About l/h pound of Cuprex per 100-pounds of melt is required.

The Nonferrous Foundrymen's Smog Ccommittee in the Furnace Practice Manual has
listed certain general rules to be cbserved in the use of slag covers on indirect-
fired furnaces:

1. Cleanliness and order in the furnace room are of the utmost importance.

2. The selection of clean metal to melt, either ingot or scrap, which is
free from oil or other combustible materials,

2L/ Comzunicatvions and fie=ld demonstrations by Robert H. Haley, Advance Aluminum &
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(Teuparatures In degrees Pazrere

Bailing point  °F Metel or Alioy Malting pome ¥ Powing Tomy. °F
4703 Copper
£200—————f Silicon
4120———4 Tin
3900 [
3500
3770 Al
3160—— Lead
3000 2000
Irop—— . W
Nickel ———— 3451
20—t Antimony Sil piv 4
2500 2500
270—————— Kod beass 85 cu. 1S Zn. M
. 73,
“Blis @ 7200 (5)
2100 {4feermed “'G" Bronze 88 v, 9 5n, I Zn. 2100 ()
2025 ——angane se 2000]
a0 Coppe g ———————— 200 (6)
Rod Bross (i quidvs] 1880
Lorriage, rass g} U cu., U Zn. 1750
1663 ziYollew breas lig ——F—— 1766
11500 “ ium ollch 1500- 1300
U1 dCodmi Auminum tond casno Jamo 1390
Aluminum olioy 1375
Alumi 1218 A1
s 21
Anti -—-—-——lul‘;; Mo
1000 Q
Ziac 77
Leod 1)
Codmivm ™| 410
0
Tin 450
SOURCES
Alley itions ond pouring are from Toble 1.

Melting and boiling points are from Merals Handbook, 1948 Ed.
Lig = liguidus tempercture.
(1

Hi-Ni alloy, 72.5 Cy, 22.5 Ni, 2.5 Zn. Ni-brass 80 Cy, 1B Ni, 18 Zn, 350, 1 Ph.
{2) Liq HiNi clloy, 70 Cy, 30 Mi

(3) Red bross 82, Cu, 8 Zn, 6 Pb, 4 Sn, Runs 6 and 7; red brans 85 i, § Zn, 550, 5Ph.
Yeoliow bewns, 85Cu, 35 Zn, Runs 4 ond 5.

{4) Convidge brass, Liq. 70 Cu, 30 Zn.

£}

Hi-Pb alloy, 65Cu, 0 Pb, 3 Sn, 2 Zn, Runs 14 end 15.
{6) Red brass B0 Cu, 10 Ph, 8 Sn, 2 2, Runs 9 ond 10.

; M N 4 'K'
10, pouning, ond mnltin

Cicure 2, - Bei :
of metais ana alloys,
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3. The maintenance of proper fuel combustion by use of the carrect-type
-~ burner that is adjusted properly.

4. The use of the proper amount of slag, ususlly 1/% to 2/%-in. vlnk
is all that is required as a cover. Excessive amounts of slag snould
not be used as this will increase the melting time, require higher
temperatures, lower the life of the crucible, and be a waste of
material.

5, Strict caution must be exercised to avoid getting any metal in the
combustion chamber outside of the crucible.

6. Metal must be charged into the crucible as rapidly as it can be ab-
sorbed by the molten mass.

7. Metal must not be heaped on top of the furnace cover and allowed to
burn down.

According to the same authority, cne of the greatest difficulties in the use
of slag cover has been +the matter of teaching furnece operators to determine the
temperature correctly. "Many furnace men misjudge the temperature, hold the metal
in the furnace much longer than necessary, and often allow it to reach & tecpereture
much higher than required.”

The Nonferrous Founders' Society has produced a motion picture in color, Bekold
a Smoking Furnace, demonstrating the use of slag covers on the crucible-tyce furnace
and on pouring ladles. Information concerning the use of this film can be obtained
from the society. A photogreph of crucibles with and without covers is shown in
figure 3. Foundry magazinegi/ contains an illustrated article dealing with The con-
trol of roundry Iume and the use OL siag Covers.

Hoods and Stacks

A report made to the Nonferrous Foundrymen's Smog Committeegé/ included 16
tests made in representative foundries in the area. Calculations of the volume of
gases resulting from products of combustion for comparison with the total volume of
dilution gases required to give satisfactory collecting efficiency of fume-conirol
equipment and to protect the hemlth of plant workmen are summarized in table 2.
Many smaller plants were found to have no hoods, stacks, or collecting equipnent
whatsoever but were depending on natural drefts and roof openings to remove Iurnace
gases and fumes.

The Air-Pollution Control District engineers and engineer 21/ perticipating in
preparation of the Nonferrous Foundrymen's report, referred to above, used a pcriabdl
hood and exhaust-fan arrangement, shown in figure 4, to collect furnzce gases. The
air flovw was adjustable from 500 to 350 c¢.f.m. and was operated to give jus: ennuzh
draft to collect all fume leaving the furnace and to provide satisfactory worzirng
conditions for furnace men. Gas volumes and the stack conditions maintained ere
shown in table 1, columns 33-38, Stack and hood conditions maintained in otner Los
Angeles foundry esteblishments are tabulated in table 3, columns 23-27, but g2s vol-
umes have been reduced to stendard conditions at 60° F, and 29.92 inches merciryr.

22/ Haley, Robert H., How to Control Fume in Nonferrous Melting: Fow.iry v2l. 77,
No. 9, September 1949, p. 118,

26/ See footnote 18.

27/ Menardi & Co., consulting engineers, Los Angeles, Calif.
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TABLE 2. - Average gas volumes produced by nonferrous founiry Furnates

Col.
No. 1 2 3 b 5 6 7
Combus-
Furnace tion
charge Exit gas gases
per C.f.m. C.f.m. per | per M | Ratio
cycle, stack Temp., |M 1lb. of ib, of | Col. 2
Line) Alloy 1b. condition{ ©F. charge charge | Col,
1 |Red and yellow brasses 700 3,092 363 4,418 1,514 2.9
2 do. 2,960 15,100 Lot 5,100 1,987 2.57
3 Ave,, weighted .. 1,956 9,761 398 4,990 1,920 2.61
4 |High-Fb all0y ceceeoe- 820 2,320 339 2,840 920 3.1
5 |High-Ni alloy .e.evens 300 2,735 211 9,120 1,567 5.8
6 |Brasses ..............] 1,660 9,842 323 5,925 N.D. N.D.

Source: Lines 1-5 incl. are averages calculated from table 1; data in line are
averages from table 3.
N.D. indicates no data available.

Most plants having hooded furnaces had exhaust systems incapable of removing
enough gases to maintain suitably low concentrations of noxious fumes in furnece
rooms .

Effective types of hoods for tilting furnaces are shown in figures 5, 6, and 7.
Pouring metel from a crucible furmace without a fume hood is shown in figure 8. Fig-
ure 5 illustrates an ingenious hooding device for tilting crucible furnaces: an ef-
fective procedure for its use in conjunction with industrially aveilable recovery
equipment has been developed for one of the large brass foundries in the area.Z8
Cepitalizing on the fact that complete collection of the heavy fume given off during
pouring would reduce particulste matter enough, under routine orerating procedures,
to meet Air-Pollution Control District requirements, the simple and effective ex-
haust hood shown in the illustration has been developed.

The exhaust hooding fits into the pouring lip of the furnace and normally col-
lects fume only during pouring. The hood is provided with a damper that is closed
during the firing period. The damper opens antomatically as the furnace is tilted
to the pouring position and closes again as the furnace is righted. The mechanical
design is such that the hooding, of course, moves freely with the furnace but is
quickly and easily detached for furnace inspection or repairs.

The device reportedly has reduced emission of particulate matter from each fur-
nace from something over 2 pounds an hour to about 0.125 pound an hour. The process
weight per furnace limits the permissible emission of particulate matter to 1.8
pounds per hour from each furnace. As so often happens in fume-control investments,
the company has benefited in several ways: It operates well within Air-Pollution
Control District requirements; metal pouring is easier and is done with less spill-
age; working conditions and efficiency are much improved; and other savings are
expected to repay the cost of the improvement in a few years.

28/ Western Metals, Repcal Brass Mfg Co. Installs Unique Fume Control System:
March 1950, p. 32.
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Remarks

3

: 3
Col. 9, charge of scrap valves, 1,500 1b.; scrap trass, 500; bress gatee, 300; flux 15. Col. 13 1a (Col. 11
divided by Col. 7) 700. Col. 20, 30 gal./heat.

Col. 3, hood above furnace is 74 x 155 in, Col. 9, scrap brass includes, 5 lb. Kolux and 3 1b. Rittlow
flux.

Col. 9, charge 6-1b,, phos-copper; 1,742, engine ard machine scrap; 683, castings; 14, Kolux flux. Col. 18,
bearing dronze.

Col. 2, Test No. 3 was a blank, no chargs or heat, anly blast gave 0.54-1b, loss per hour with no Fb content.
Col. 9, Phos., Cu 6 lb.; scrap, Cu 200; engine and machine acrap, 1,142; Sn, 26, boring ingot 1,067 1b.

Col. 11 solid was 23.0f Fb. Col, 18, bronze.

Col., 3, no stack; improvised curtains from furnace to 52 x Sk-in., opening in roof; test on Cuprer flux, 3 1b.;
Col. 9 gates, 400 1b.; ingot,700; Cuprex  3; Col. 15, semi-red brass,

Col, §, test of P-F apecial No, 1 flux, 3-1b. on LoO 1b. gates, 70O ingot.

Col. 9, brass gates and foundry rejects; one-half of cherge plus 20 1b, glass mslted, then rotation started.

Balance of charge and 6 1b, flur added. Smell additlions glesa after each howr. Col. 15, trass.

Col. 9, Currex Zlux § pieces added with first mstal charged. Fo visidble fume. Col. 15, hrass.

Col. 9, trass scrap 997 1lb., lead 20, Currex 5. Col. 15, btrass.

Col. 27, 1,418 cu, ft. stack condition, Col. 30 water to venturi; ncne for cooling ahead of venturi or in
following cyclenic scrubber wmit.

Col. L, test on pilot wet scrubber cm split of gas siream.
Col., 7 ernd 9, Nc. © furnace; 875 clean scrap t~ass, 1.5 1b. -hos; heat held 16 k. before pour accov™* g

mold trouble; No. 3 furnmce 1,106 1b. scrap and 2 lb, Fb; Col. 16, Ko. 24O brass; Col. 22, sample cn all of
e cycle of No. 3 plus fume from No. 2 banked furnace.

Col. 28, cooling-jacket weter circulated to cooling tower. Col. 15, brase ingot. Col. 4 only four of the
five sections wers in use during test, or 80p of capacity, Col. 22, test included lancing period.

Col. §, reclaiming typemstal from typemstal ecrap and dross. Col. 21, two coke-packed scrubbers in series.
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. Fume hood for tilting crucitle furncce.
(Courtesy of Repcal Brasst. 3. Co. and
Western Metals magazine.)
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Figure 6. - Pouring metal from crucible furnace
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Figure 7.

- Hood and duct system collecting fumes from brass furnaces
for delivery to glass-bag filters.
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Figure 8. - Pouring metal from crucible furnace
without fumz hood. (Courtesty of
Repcal Bress Mg, Co. ond Yiestern
Metals magazine.)




Stack Effluents

Stack effluents consist of the gases resulting from combustion of fuels, proc-
ess gases, air, and particulate matter in the form of dust end funme. Excess air is
drawn into hoods and stacks to insure adequate collection of fumes that may escape
from the furnace and to reduce exit gas temperatures for ease of handling and treat-
ment. The particulate matter making up the dust load varies in nature and amount
depending on the alloy constituents and foundry practices in matters of fuels, tem-
peratures, type of furnace, and other factors already mentioned. In addition to the
ordinary solid particulate matter, such as fly ash, carbon, and mechanically pro-
duced dust, furnace emissions, of course, often contain fumes resulting from the
condensation of the more volatile elements, zinc, sulfur, lead, and others.

The control and satisfactory disposal of waste stack emissions have been the
subject of extensive theoretical and field investigations,gg/ but most of this in-
formation was not directly applicable to nonferrous foundry equiprent and practice.
The Nonferrous Foundrymen's Smog Committee, individual conceras, engineers, and
equipment manufacturers, therefore, found it necessery to conduct extensive inves-
tigations of emissions frox medium and small foundries. Frocedures nzd ©to be de-
vised for sampling, and techniques were developed for determining the physical char-
acteristics of submicron emissions from nonferrous foundries.30

Gases of Combustion

Orsat analyses of stack gases used to compute the heat units produced in several
furnace tests are reported in table 1, columns 30 and 31. These are not believed o
be representative of the products of cambustion, since it appears thet the gases
have been diluted with large quantities of air. Other tests (not reported) on open-
fleme kettle-type furnaces similar to the one reported in table 1, plant G, yielded
11.2 percent COo, and 3.1 percent oxygen.

Pouring temperatures for red brasses averaged about 2,lOO° F., for high-leed
alloys, 2,200° F., end for high-nickel alloys 2,1+OOo F., within the narrcow ranges
shown in table 1, column 10. To attain these pouring temperatures fuonce gases had
to be held at temperatures from 2,500°-3,500° F., and large volumes of gas per unit
of product were required.

A cumparison of ges volumes at stack conditions for foundry furnace charges of
various sizes and alloys is shown in table 2. Data are for copper-base allcys.
The volumes in column 5 are for the most part the minimum found that will give ciz-
quate collection efficiency.

Air:Fuel Gas Ratios

The ratio of total volume of exit gas to the volume of gases produced by com-
bustion, as shown in table 2, column 7, lines 1-4 inclusive, at 2.6 - 3.1 appear

P
T

22/ Thomas, M. D., Hill, G. R., and Abersold, J. N., Dispersion of Geses from Tell
Stacks: Ind. Eng. Chem., vol. 41, No. 11, November 1949, pp. 2409-2k17.
Church, Phil E., Dilution of Waste Stack Gases in the Atmosphere: Ind. Eng.

(omm | a1, 41, Ta. 11, Noverher 10LO, or., ohorohozn,

A R e - \ N - I . e — - . . .

AT e TR P, OP., oy B4, 0 Do e et
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vol. b1, No. 11, November 1949, pp. 24B6-2k92.
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quite consistent for the several types and capacities of furnaces. The pit-crucible
furnace on high nickel-coppeT alloys appears to be the exception at 5.8. These re-
lations are significent in localities where allowoble limits of particulate matter
in stack emissions are based on the concentration in grains per cubic foot of gas
(volume rate of emission) rather than on the mass rate.3L In the former, legal re-
quirements could often be met by simple dilution rather than by reduction or elimi-
nation of the nuisance. Dilution ratios are also significant in relation to health
conditions in the furnace room melting alloys containing high lead and zinc contents.

sulfur Dioxide

Excluding carbon gases, oxygen, and nitrogen, the most abundant gas in copper-
alloy furnace stacks is sulfur dioxide. It originates for the most part from the
sulfur in the fuel oil. Table 1, column 26, shows an average of 1.3 percent sulfur
in California fuel-oil mixtures used in brass foundries and & maeximum of 1.8.

According to the Nonferrous Foundry Report,ﬁg/ each percert of sulfur in the
oil will produce 0.CE percent culfur dioxide in the gaseous preducts of combustion.
Tnus, oil containing 1.8 percent sulfur would produce corbusticn £%9E€S with Q.11
percent SOp or about 0.04 SOp in the diluted stack gas. A ccncentrasion of 0.2 per-
cent, by volume, at the point of discharge is permitted 4n Los Angeles. Contrcl
standards and reguletions in Loc Angeies County relating to swiiur gzses are con-
tained in appendix A of this report.

No nonferrous foundry test reported in Los Angeles has indicated 502 conceunira-
tions approaching the maximum limit. Fuel oil, however, 1s extensively used in in-
dustry; and, in the aggregate, the air polluticn resulting fron the use of high-sulfur
o0il could be very appreciable. Foundrymen in the area have been advised by their
trade association to avoid the use of fuel oils conteining high percentages of sulfur
and have recommended the use of gas where availeble because of the greater ease of
maintaining the proper conditions of combustion.

Disposal of strictly gaseous constituents of nonferrous foundry stack emissions
has proved iv ve only & minor problem where roper conditions are maintained for
complete combustion of the fuels and adequate hoods and stacks are provided. Im-
proper combustion, of course, results in emission of smoke, which is a civic, and
sometimes a legal nuisance, as well as an avoideble expense. Control of solid con-
stituents ir ncnferrous foundry gases has proved to be a much greater problem.

Particulate Matter

Particulate matter has been technically and legally defined}i/ put for the pur-
poses of this section may be said to consist mostly of solids in the forms of dust
and condensed metallic fumes., In the copper—base—alloy foundries, up to 98 percent
of the particulate matter contained in furnace-stack gases may pe zinc oxide and

3;/ McCabe, L. C., and others, Dust end Fume Standerds: Ind. Eng. Chem., Vvol. L1,
No. 11, November 1949, pp. 2L 86-2492.

32/ Industrial consultants, Report on the Air Contaminants Produced by Furnaces in

the Eonferrous Foundry Irdustry: April 1948,

Al . Cay Liia DLLETDL AR Al “3, Tme, Crom., vol, Bl

{
[

U0 Ly LLUIILIT ity e SRS S ot CH S P ORI

4558 - 18 -




lead, depending on the composition of the alloy. The zinc oxide content of fume
averaged for representative red and yellow brass foundry furnaces as shown in

teble 1, column 21, was 59 percent. Similarly, the lead content, column 23, aver-
aged 15 percent and ranged from 5 to 29 percent. Imn high-lead alloys, lead con-
stituted 56 percent of the particulate matter in the exit gas. Lesser constituents
of fumes, such as tin, copper, cadmium, silica, and carbon, also may be present in
varying asmounts, depending upon the composition of the alloy and on foundry practice.
Their aggregate percentage weights may be estimated roughly by deducting the per-
centages in column 21 and 23, teble 1, from 100. For practical purposes the weight
of particulate matter from fuel-fired brass furnaces can be estimated quite safely
at sbout 1 percent of the process weight entering the melt, as shown in tables 1 and
3. This is substantiated by the practice of adding 0.5 to 1.0 percent zinc, depend-
ing on the composition of the alloy, to furnace charges to offset losses, This ad-
dition of zinc usually is mesde late in the cycle of operations. The matter of metal
losses is discussed in detail in comprehensive papers by Prattj&/ ans St. thn.}i/

Generally speaking, crucible furnaces far outnumber all others used in brass
foundries pouring sand castings. However, probably 95 percent of the melting and
alloying of wrought copper alloys is done in electric furnaces.ﬁé/ This relation-
ship was not determined for the Los Angeles &area. In both classes of work, the
metal losses in the electric furnace are lovwer by about 0.1 to 0.5 percent of proc-
ess weight. Most of the tests on Los Angeles press furnaces in tables 1 and 3 were
on furnaces pouring sand castings. Indirect-fired crucible furnsaces show the lowest
average metal loss for fuel-fired furnaces, other factors remaining the same. Open-
flame rocking or tilting furnaces cal be operated with low metal losses with care,
but grain loadings per cubic foot tend to be higher than with crucibles, as shown in
+ehleas 1 and 2. Average losses, in percentage of process weight, are very nearly
the seme. The Los Angeles Nonferrous Foundrymen's Commihtecgl, Loz zznelveded +hat
"it is improbable that any open-flame furnace melting alloys containing zinc and
lead can be operated without creating excessive emission. It is conceded that any-
one choosinz to operate that type of furnace will be required to install collection
equipment ."

Dust loading of foundry exit gases varies soO widely with furnace conditions and
alloys and alloying constituents that averages are of limited significance. Table 1,
column 15, shows loadings of 0.061 to 0.320, which average 0.139 grain per cubic foot
for red -nd yellow brasses at stack conditions. High-nickel and high-lead alloys
average 0.036 grain per cubic foot. Under & wide variety of conditions, the average
in table 3, column 10 was 0.212 for brasses and limits are 0.022 to 0.771 grain per
cubic foot.

The Report on the Air Contaminants Produced by Furnaces in the Nonferrous In-
dustry summarizes four principal factors causing high concentrations of zinc fumes
in foundry furnace gases, as follows:

3&/ Pratt, R. S., Melting and Alloying of Wrought Copper-Alloys: Nonferrous Melt-
ing Practice, Am, Inst. Min. and Met. Eng., 1946, pp. 62-73.
32/ st., John, H. M., The Melting of Brass and Bronze in the Foundry: Am. Inst.
Min. and Met. Eng., 1946, pp. W7-61.
3@/ American Institute of Mining and Metallurgicel Engineers, Nonferrous Melting
Practice: 1946, p. 63. '
?7/ Nonferrous Toundrymen's 5Smog Committee, Furnace Practice Manual: Los Angeles,
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1. Alloy composition - The rate of loss of zinc will be approximately
proportionate to zinc percentage in the alloy.

2. Pouring temperature - For a given percentage of zinc an increase of
100° F. will increase the rate of loss of zinc about three times,

3. Type of furnace - Direct-fired furnaces will produce higher concen-
tration than crucible type, other conditions being equal.

k., Poor foundry practice - Overheating of charge, addition of zinc at
meximum temperature of furnace, use of insufficient covering of
flux, etc.

Perhaps one of the best ways to understand the difficulty attending proper con-
trol of fumes from metallurgical furnaces is to consider their physical characteris-
tics. Examination of fume under the electron microscope§§/ has indicated the shape
and size of some of the more common metallic fume particles.ﬁg/ Much of this fume
is in submicron sizes below 0.001 mm. or 1/25,400-inch diameter.

Miller's chart (slightly modified) (figure 9) gives the normal range of metal-
lurgical fumes from 10 microns down to 0.1 micron with the possibility that it may
extend to 100 microns (about 150-mesh) on the upper end. Zinc oxide fumes are
thought to be in the range of 0.3 to 0.03 micron. Recent electron photomicrogravhs
by ChaneyﬁQ/ and other appear to substantiate the possible lower limit of ebout 0.03.
Four electron photomicrographs, figure 10, show some characteristic forms, mostly
spherical, of lead fume averaging about 0.3 micron in diameter as shown by thescale.

Figures lla and 1lb show typical shapes and the great range of sizes of zinc
oxide fumes, They tend to agglomerate as shown in figures 1llc and 11d. The radi-
ating, star-shaped crystal, quite characteristic of zinc oxide, was condensed from
nascent zinc vapor as the gases from high-zinc-containing materials cooled. The
nearly perfect or complete crystal has the acicular-shaped points. Fumes from
leaded red-brass furnaces, figures 12a and 12b, are much more complex, and the dif-
ferent metal or oxide crystals lose much of their identity. They are characterized,
however, by very small average particle size in the order of 0.1 micron and the dis-
tinct tendency to agglomerate and form into chains, figures 12c and 12d. Figures
13a and 13b are photomicrographs of high-zinc yellow-brass fumes in which zinc cxide
crystal forms can be identified.~ Figure 13a in this group is an exceptionally fine
picture of clean, nearly perfect, large and small zinc oxide crystal centers at
50,000 diameters; figure 13b shows small chains of zinc oxide fumes, at megnifica-
tion of 28,000, surrounded by very fine material far below 0.1 micron. This is
probably smoke, according to Chaney.

Laboratory techniques of sampling and determining the sizes and other properties
of submicron particulate matter are steadily being perfected. The Second Interim

3§/ Resolves with certainty particle sizes down to asbout 30 Angstrom units or 0.C0:z
micron, or, say, 0.000,003 mm. Burton and Kohl, The Electron Microscope:
2d ed., Reinhold Publishing Corp., Miller's chart, fig. 6, shows relation-
ships of micron to Angstrom and other units.

§2/ McCabe, L, C., and cothers, Industrial Dust and Fume in the Los Angeles Area:
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Figure 10 q, b, ¢, and d. - Electron-photomicrographs of lead fumes.

6T-3 -\ AT-T-1. v
a b
C:’ o . (’;}
cz‘f?) L
(S '
o ° 2
a O e
To C ¢, * O
T £ TR
. v e AT-D -\
ATT-3 o L



ot bt

i ,
?r ki ) \ Dy
LN Ve 4 v

. oo N v Y\ ‘\"

Figure 11q, b, ¢, and d. - Electron-photomicrographs of fume from zinc smelter.
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Figure 12 g, b, ¢, and d. - Electron-photomicrographs of fume from leaded red brass.
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Report&l/ describes some of those used in the Los Angeles area. Other aspects of
submicron examinations were briefly outlined by McCabe and others.&g/ More re-
cently, many authoritative papers concerning the physical and chemical properties
of air pollutants and methods for determining them were presented in the Analytical
Methods and Properties Panel of the United States Technical Tonference on Air Pol-

lution in Washington, D. C., in May 1950. This material is now in press.
Recovery Equipment

Most medium and large-scale foundries already have dust-recovery equipment for
miscellaneous operations, such as grinding, core knock-outs, and sand blasting.
Equipment for recovering metal fumes from nonferrous furnaces, however, was not in
general use in small and medium-size copper-base-alloy foundries in the Los Angeles
area before the Air-Pollution Control District began to function early in 1948.
Consequently, the American Foundrymen's Society, at the suggestion of the Los Angeles
Chamber of Commerce, formed a committee in cooperation with the Engineering Depart-
ment of the Air-Pollution Control District to investigate foundry-fume problems and
to test proposed and installed equipment to determine its effectiveness in meetirg
the new requirements. Data contained in table 1 resulted from one such investiga-
tion of foundries having no recovery equipment. Investigations conclusively prove
that the most troublesome fumes consist of particles of zinc and lead compounds Sub-
micron in size, and that equipment capable of collecting particulate matter frem 1.0
down to about 0.03 micron is required. Some of Chaney's photomicrographs of sarrples
taken when furnace emissions were heavy with smoke indicated that the smoke particles
accompanying the fumes may be about 0.0l micron and smaller.

Standard collecting equipment suitable for the range from 200-mesh (about 75
microns) diameter down to about 10 microns is available. Therefore, this range
holds no particular problem other than capital and operating costs. Dynamic scrub-
bers or mechanical washers have proved in some applications to be quite effective Iin
L ronge Prom 12 tc ) micronm, At in addition ta heing ineffective in the range be-
low 1 micron they have the drawback of high power consumption end mechanical wear
end usually require seperation of the metallic fumes and other particulate matter
from the circuleting water or wetting solution. Electrical precipitators of tne
Cottrell type are extremely effective collectors for many substances in any racge
of size from 200-mesh to perhaps 0.001 micron,&i cold or hot, wet or dry. So far,
this equipment has not been available in small units suitable for small nionferrous -
foundry use, has not always been entirely satisfactory on lead and zinc fumes, and
the first cost may be prohibitive.

Another approach to the collection of submicron particulate matter employs a
combination of a device to agglomerate fume particles into aggregates iurge enough
to be collected in a second operation with standard equipment such as cyclones.
Such a combination is now in the development stages and may prove aoﬁlicable to the
nonferrous foundry industry. It consists of the sonic agglomerator&_/ and smell,

El/ Stanford Research Institute, Los Angeles, Calif., Second Interim Repcrt on the
Smog Problem in Los Angeles County: August 19kg9, 64 pp.
42/ See footnote 29.
gé/ General Electric Co., Bull. GEA-5212, p. T.
__/ St. Clair, H. W., Theory and Basic Principles of Sonic Flocculation and Collec-
tion: U. S. Tech, Conf. on Air Pollutiom, Washington, D. C., May 3-5, 1950,
(in press).
Neuman, E. P., Design, Application, Performance and Limitations of Sonic-iyze
Flocculator and Collector: U. S. Tech. Conf. on Alr Pollution, Washington,
D.C., 1950, (in press).
Denser, W. H., and Neuman, E. P., Industrial Sonic Agglomeration and Collection
Systems: Ind. Eng. Chem., November 1949, p. 2439.
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multitube centrifugal or an entrainment-type collector. The sonic precipitator, if
found appliceble, promises comparatively inexpensive collection of particulate mat-
ter from 10 microns down to perhaps 0.0l micron in any range of ilemperature from 0°
to sbout 900° F, Insofar as known to date, its application to nonferrous-foundry
work is still in the development stage.

The bag filter or baghouse has long been known as a highly efficient collector
of dry, solid, particulate matter in the range of 200-mesh to about 0.l micron, as
indicated in figure 9. Its ultimate limit probably extends down to 0.0l but with
lower efficiency.&i/ One of its most successful large-scele applications has been
in the collection of lead and zinc fumes, a field in which it has demonstrated ad-
vantages over the electrical precipitator. Fortunately for the foundry industries,
efficient small baghouse units have been perfected, but for general acceptance in
medium and small foundry work, some departures from conventional industrial design
seem necessary to adapt the small baghouse to wider variations in operating condi-
tions, especially temperature and humidity. Fully automatic instrument control ap-
pears essential for the most economical operation because of the intermittent nature
and wide variations in operating conditions in nonferrous work. Glass-fabric bags
have been used successfully in several industrial installations in Los Angeles at
operating temperatures of 500° F., occasionally for very brief periods at 800° F.,
and with some resistance to acid atmospheres,

Development Trend in Los Angeles Area

The basic principles employed in the separation of particulate matter from
gases may be used singly or in combination. The type of equipment used is described
in detail in the literature.&é/ For the present, those immediately available for
small ana medlum-sSize NONIerrous loundaries may De classlilea as setlllng cnamoers,
packed towers and entrainment separators, wet washers and dynamic scrubbers, cyclone
or centrifugal collectors, and gas filters and baghouses.

One other type, the highly efficient and versatile Cottrell electrical precipi-
tator, will not be considered, since it is normally manufactured in units of large
size and at costs comparable to other equipment of equivalent capacity. It is now
available in small units of about 10,000 c.f.m., but the first cost per unit of
capacity is relatively higher.

Dust Chamber

Insofar as is known, no copper-alloy foundry in the Los Angeles area depends on
the simple settling chamber alone to clear gases from fuel-fired furnaces, but a few
establishments are using them very effectively for collecting heavy dust lurger than
200-mesh and for cooling the gases before they enter baghouses or other devices bet-
ter suited to recovery of the finer particulate matter. Some of the larger estab-
lishments have built masonry chembers or utilized available steel tanks, sections of

45/ Silverman, L., Filtration Through Porous Materials: Am. Ind. Byg. Quart.,
vol. 11, Narch 1950, pp. 11-20.
Eé/ Perry, J. H., and others, Chemical Engineers' Handbook: McGraw-Hill Book Co.,
New York, 3d ed., 1950, 1,942 pp.
Schmidt, Walter A., Waste Gases: Chem. Eng. News, vol. 27, No. 45, November
1949, pp. 3272-3276.
Welch, Harry V., The Fume and Dust Problem in Industry: Trans. Am, Inst. Min,
and Mct. Fne., vol. 185, December 1949, pp. 934-947, ’
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steel stacks, and even existing brick stacks as settling and cooling chembers. One
foundry, which effectively meets all Air-Pollution Control District regquirements,
employs & settling chamber alone to serve electric induction-type furnaces, which
characteristically produce low gas volume with light dust and fume loadings.

Scrubbers

Both static- end dynemic-type scrubbers have been tested on copper-alloy fur-
naces with rather -indifferent results so far, but the shortcomings of the equipment
may be overcome by alterations in design to adapt it better to the operating condi-
tions. Teble 3, plant 10, glves the result of a brief pilot-size test made with a
venturi-type wet scrubber and cyclonic collector on very heavily laden gas from a
brass furnace. Under these conditioms, only 65 percent of the particulate matter in
the gas was collected. The washed ges leaving the wet cyclone collector contained
0.70 grain of particulate maetter per cubic foot and thus exceeded the limit allowed
under Air-Pollution Control District regulations. An earlier test at this plant,
made under almost identical conditions, yielded about the same results. An im-
pinger&l/ and thimble were used to collect the fume sample. The particulate matter
caught by the impinger contaired 70 gercent zinc oxide and that in the thimble, 58
percent. The venturi-type scrubber&./ and wet-cyclone collectord/ have been ap-
plied elsewhere on industrial scale to some difficult dust end fume problems with
satisfactory results., The wide working range of venturi equipment is indicated in
Miller's chart, figure 6.

Another type of dynamic wet scrubber also treating a very dirty gas from a
direct-fired, rotating-type brass furnace reduced uhie pasbicwiats maticr from n.o
to 0.37 grain per s.c.f. This furnace was treating 924 pounds per hour as snown in
table 3, plant 10a. Actual loss per hour was 3.00 pounds, which slightly exceeded

the limit allowed under Los Angeles regulations, Here agailn the scrubber efficiency
was low, about 50 percent.

There is some reason to doubt that the dynamic wet-scrubber type of dust col-
lector operating under variable load conditions can be made to meet nonferrous-foundry
requirements of the district because of the inherent difficulties encountered in
wetting evtremely finely divided metallic fumes and oxide. However, scrubbers have
certein advantages in treating furnace emissions containing soluble gase. or particu-
late matter, such as sulfur trioxide and common-salt fumes, but these are not usually
present in copper-alloy furnace gases in important concentrations.

Centrifugal collectors

Collectors depending on the centrifugel principle alone are not well-adapted to
brass-furnace dust collecting because of the low efficiency of such apparatus on
particulate matter below 1 micron in diameter, the sizes normally found in the gases

L7/ Air-Pollution Control District, Test Procedures and Methods of Sampling in Air-
Pollution Control: Los Angeles, Calif., 1950.

E§/ Jones, W. P., and Anthony, A. W., Jr., Pease-Anthony Venturi-Scrubber: U. S.
Tech. Conf. on Air Pollution, Washington, D. C., May 1950 (in press).

Eg/ Kleinschmidt, R. V., and Anthony, A. W., Jr., Pease-Anthony Cyclonic Spray
Scrubber:\ U. S. Tech. Conf. on Air Pollution, Washington, D. C., May 1950
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from a leaded-brass furnace. In addition, one concern,ﬁg/ which has tested several
collectors for fumes from its crucible-type brass furnaces, is experimenting with a
simple wet entrainment separator for recovering partly agglomerated zinc oxide fume.
If proved satisfactory, this collector may be used in conjunction with the pouring-
lip hooding device illustrated by figure 5.

Filters

Sock-type gas filters for fume and dust from copper-alloy furnaces are the most
effective and satisfactory collectors employed industrially in the Los Angeles area.
This type of collector is available in many useful and effective forms. Cloth and
other filter medium can separate particulate matter from gases effectively, even
though the interstices in the filter fabric are much greater in diameter than the
dust and fume particles. This, undoubtedly, is due to the formation of a layer of
particulate matter on the nap and within the interstices of the filter fabric. With
some modifications, the sock type, as contrasted to the flat-frame type, has been
used in connection with medium-size copper-alloy furnaces with complete success for
reducing air pollution at low operating costs. In fact, one installation using bags
made of a specially woven glass fabric has been in use nearly 3 years and has re-
covered metal fumes valued at several times the capital and operating costs of the
equipment.

A representative small baghouse is that built by the Berg Metal Co.él/ This
installation was designed to treat gases fromtwo gas-fired reverberatory furnaces
melting scrap brass and using existing stacks and flues insofar as possible, The

system normally is expected to serve one furnace at a time but is capable of hand-
1ing hnth Punrmaces fAr a 1imiteAd nevind  Fach furmece meltc o 25 +on chorss in g

[ I S ey 0 )

20- to 2b-hour cycle. Charging may contlnue up to 18 hours, followed by lancing,
or otherwise adjusting to specifications and pouring.

As shown in figure 14, the gases leaving the reverberstory furnaces at 2, 200° F
flow through a 60-foot stack, which served them before the installation of the dust-
collecting equipment. A butterfly valve at the top of the stack is normally closed
but can be opened in an emergency to bypass gases to the atmosphere. The gases
leave the stack at 2,200° F. and are cooled to 900° F. in a water-jacketed horizontal
steel cylinder. They are normelly further cooled to 500° F. in radiation coolers
before entering the glass bags, but temperat..es up to 8002 F. have been tolerated
for short intervals without material damage. Sustained exposure to high tempera-
tures shortens the useful life of the bags. Some coarse dust settles out in the
flues and stacks., Tne gases are drawn through the sock-type bags by a 10,000-c.f.m.
exhaust fan at 8 inches water-gage vacuum an? a temperature of 350° F. and dis-
charged to the atmosphere through a new steel stack. The baghouse, shown in figure
15, is a steel structure divided into five cells, each containing 24 glass-fabric
bags 9 inches in diameter and 8 feet long. Easch cell was designed to clear 1,500
c.f.m. gas at 500° F. with a pressure drop of 4 to 4.5 inches of water. Four cells
can normally handle about 6,000 c.f.m., leaving one available in reserve. The bags
are automatically rapped when pressure drop of the gas through the glass fabric
reaches a predetermined figure. Draft at the fan is controiled by a diaphragm-pres-
sure regulator of the type used to regulate boiler draft. Full autcmatic control of
the rapping interval and of the flow rate, temperature, and pressure of gases is
necessary for best recovery performance and economy. Cooling water is circulated
through the water-jacketed cooler at the rate of 30 g.p.m.; it enters at 110° F. and

leaves at lhOO F., returning by gravity flow to a b- bv 6- by 8-foot hirh crnalir~
iy e ¥ Llving, viez presiecnt, heolal brose tle. o, L

o/ ¢syYE Leng Zeacih Bivd,, Vernom, Calif.
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tower. Glass bags or socks used in this installation are fabricated by a local firz=
from specially woven glass-fiber fabric, which has been found best adapted to tke
speciel conditions encountered in nonferrous-foundry operations. Bags are checxel
for any necessary repairs after about 10 weeks of operation. Most bags have a use-
ful life of about 2 years.

The operating efficiency of this installetion is clearly indicated by resul<s
of a test shown in table 3, plant 12. Actual losses while furnacing Ly 434 pounds
of scrap brass at a process weight of 2,066 pounds per hour was 0.22 pound per ~gi
or less than 0.0l percent. Allowable loss under Los Angeles regulations was 7.3
pounds per hour. Furthermore, the molten metal was lanced with compressed air dur-
ing the test, an operation that produces excessive zinc oxide fumes. The voluzs <7
gas leaving the baghouse was 6,160 s.c.f.m., containing 0.004 grain per cubic fos:
of particulate matter with four cells, or 80 percent of the bags, in use during tzz
test. The fumes and dust collected in the bottom hopper of each cell are drswzm 173
steel drums for further treatment. As much as 1,500 pounds of fume per dey res Te=:z
recovered while melting high-zinc scrap.

Two units very similar to the ones just described are in regular operatioz =t
the Eastern Smelting & Refining Co. in Los Angeles. One baghouse serves the Ttrzss
furnaces and the other the lead smelting and alloying.22

Several excellent designs of flat-bag or leaf-type filters are in use in zazy
industries. Although such filters have been used for meny years in foundries wnere
‘gas temperatures and humidity are low, they have not been applied generally or ex-
tirely successfully to nonferrous furnace gases in the Los Angeles area. The zziz
AifFirnlties in a single-imit hag filter are in removing devosited material and Iz
the pronounced tendency of the zinc oxide fume to agglomerate detrimentally unier
the conditions at the plant, thus requiring duasl-unit operation for best over-zl_
results.

Lead Reclaiming and Lead-Alloy Foundries

Introduction

Although Los Angeles is not a primary lead-smelting center, it has an aprr
gble arcunt of secondary smelting in reo-laiming lead scrap, particularly batte
plates. As noted in a previous section of this report, some 175 copper-base &
foundries norm=1ly are in preduction in the area, and meny of these melt leads
copper alloys. Actuesl statistics of production of lead and lead-alloy produc «
not svailable for the area, but the lead metallurgical industries are known to te
appreciable contributors to air pollution.

%

The concentration of lead in the Los Angeles atmosphere, based on an early
timate, was calculated to be in the order of 0.0065 mg. per cubic meter, fer bel
the 0.15 mg. per cubic meter or 0.000066 grain per cubic foot recently adoptel &
the threshold limit. The lead in the Los Angeles atmosphere from industrial
sources is thought to be in the form of lead oxide and from automotive exhuszstz Iz
the form of lead chloride or bromide. The concentration of lead in the hign-lez:
copper-alloy fumes, table 1, plant 8, column 22, following dilution of the Ifuzs:

zg/’ Brundage, N. C., Smog Control Helps Bag More Profits: Western Metals, vcl. 7,
No. 6, June 1949, pp. 21-23.
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with 2.6 volumes of air from outside the furnace amounted to 0.026 grain per cubic
foot, or about 394 times the threshold limit. The role of lead fumes as possible
smog-forming contaminants in Los Angeles air is still a matter of considerable con-
Jecture. Nevertheless, a concerted effort is being made, and with considerable
success, by nonferrous industrial concerns to reduce their lead emission and thereby
protect employees and improve air hygiene.

Chemical lead melts at about 618°-621° F. and boils at about 2,935° F. Corre-
sponding figures for zoft or corroding lead are somewhat higher.é& Thus, lead is
not readily dist.lled like zinc at furnace temperatures (800°-1,300° F.) used in
lead reclaiming. Lead in alloys containing low-boiling-point metals, such as zinc
and antimony, vaporizes to a very considerable degree and is fumed along with the
other metals. Although lead in furnace fumes is usually reported as elemental lead,
there can be little doubt that it exists as some form of lead oxide, probably Pb0.25
Electron photomicrographs (fig. 10) by Chaney, of fumes from a lead-refining furnace
indicated that unagglomerated, relatively pure fume particles probably vary in diam-
eter from about 0.07 to 0.4 microm, with a mean of asbout 0.3. All photomicrographs
showed the quite consistent spherical form, but particles have a distinct tendency
to agglomerate. Excellent electron photcmicrographs of fumes from secondary blast
furnaces and lead reverberatory furnuces, which support Chaney's findings, are shown
in a bulletinzé/ describing gas-scrubber equipment.

In fumes from leaded red brass, however, both lead and zinc oxide particles
seem to lose their identity or are individuslly too small to identify with any de-
gree of certeinty under the electron microscope. Collectively they ternd to form
chnaln-l1lKe aggregates, ligure 12.

Metallurgical Practice

Three concerns in the Los Angeles area operate small blast furnaces for reduc-
tion of lead oxide, fume, and metal scrap. The resulting metal is cast into pigs or
pumped directly to refining or alloying kettles or to reverberatory holding furnaces.
Two large- and four medium size (25-ton) reverberatories are operated on scrap lead
and dross and as softening furnaces, along with several drossing kettles.

The blast furnace, usually of 8- to 10-ton capacity, depends, of course, on coke
for fuel, while the reverberatories and kettles are fired with oil, gas, or both.
The melting-temperature range of chemical-grade lead is 7500-830° F., and ingot cast-
ings are poured around 7900-850° F. Stack-gas temperatures range froum 1,200° to
1,350° F. Siug or flux covers are not in use in the Los Angeles area for the purpose
of reducing fumes from lead melting, but ammonium chloride and other salts are used
to reduce loss of metal retained in dross and skimmings. Kettles and furnaces are
usually housed in open-sided, well-ventilated buildings, and exhaust hoods are used
where needed.

2&/ Authorities differ. Most temperature figures quoted and shown in figure 1,
Boiling, Pouring, and Melting Points of Metals and Alloys, are from Metals
Handbook, 1948 Edition.

22/ Liddell, D. M., and others, Handbook of Nonferrous Metallurgy: McGraw-Hill
Book Co., New York, N. Y., 24 ed., 1945, p. 149,

ff/ Cresfonl CovoiyostTon Oary Bi11, M-102: Iew Yok, M, Y.

..... DTN, Zied.
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Stack Effluents

From the foregoing, the impression might be gained that the amount of particu-
late matter in stack emissions from lead works may pe inconsiderable. This cer-
tainly was not the case before adequate fume-collecting equipment was employed.

This is illustrated in figures 16 and 17 by the appearance of stacks before and
after recovery equipment was installed. Figure 18 shows exhaust fumes from a lead-
reclaiming plant. Purely gaseous constituents resulting from combustion of fuels

in reverberatories are much the same as described in the section dealing with cop-
per-base alloys. Blast-furnace gases, of course, contain the products of combustion
of the reducing material. When battery plate is melted in blast furnaces, it often
produces heavy smoke and fume emissions because of the presence of some organic mat-
ter and acid salts, dross, baghouse dust, and dirty scrap in the blast-furnace
charge, together with coke and slag-forming material. Particulate matter in lead-
plant emissions has been exceedingly heavy, up to 4 grains per cubic foot.

In tests on a 5- by l2-foot hearth reverberatory at one plant where exit gases
were scrubbed before being released to the air, it was found that gas volumes were
from 3,240-3,400 c.f.m. at stack conditions of 1,280°-1,340°0 F., with moisture con-
tent of 9 to 14 percent by volume and grain loadings of 1.4-4.5 grairs per cudic
foot. .91/ Losses amounted to 1,600-3,000 pounds per ol hours of operation. Simi-
larly, a 6- by 1k -foot hearth-drossing furnace was found to emit 5,300 c.f.m. at
2900 F. containing 1.4 grains per cubic foot.

il & LesL uu & nasuial-gas- firced drccc furnece operating at natural draft with-
out a collector and processing ebout 2,000 pounds of type metal in 5-hour heets, it
was found that 1,500-1,700 c.f.m. of gas at temperatures of 1,3000-1,5000 F. and
dust loads averaging about 0.5 grain per cubic foot were emitted. Stack losses were
6.5-7.2 pounds per hour.

Recovery Equipment

Settling chambers and water curtains or spray-type collectors were formerly
used in lead-reclaiming plants in the Los Angeles area with unsatisfactory results.
Pert of the coarser particulate metter was collected, but the metal fu—~s and scoke
were difficult to wet and were discharged into the atmosphere, and the plants were
civic nuisances. Nothing of value was recovered from the sludge. The wet, cynezic-
scrubber principle was tested with indifferent results. However, packed towers in
which dirty gas travels countercurrent *o a shower of water casceding through & pack-
ing may be falrly effective, as indicated by the results on plant 13, taeble 3, but
may have some distinct disadvantages. At this plant, two coke-filled packed Towers
in series quite effectively reduced particulate matter in fume from & gas-fired re-
verberatory furnace {remelting type) to within the permissible limits. The furnace
was treating 2,000 pounds per hour, which, according to Los Angeles regulations,
would allow a dust and fume loss of 3.03 pounds per hour. The actual loss was only
2.33 pounds per hour or 0.2 percent as shown in columns 11 and 13, table 3.

The baghouse has long been considered as the most acceptable device for col-
lecting lead fumes, and many large installations are in operation et primary leed-
reduction works. In connection with the Waelz and similar fuming processes in which
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lead and zinc are purposely veolatilized to'°epafate them from worthless material in
a primary extractive operation, baghouses are used to recover particulate matter for
further treatment to separate.the lead and zinc.

The larger secondary-lead works in the Los Angeles area have adopted, on a
greatly reduced scale, modified designs for their beaghouses similar to those used
by the much larger primary-lead smelters elsewhere, At one of these works, gas and
fumes collected from small lead-blast furnaces, from lead-refining pots, and from
reverberatories are first passed through large spray chambers where the gas temper-
ature is reduced to sbout 230° F., and the coarse particulate matter is collected.
The volume, temperature, and humidity of the gases leaving the cooling chamber are
closely controlled by automatic instruments. The baghouse 1s a well-designed gunite
structure divided into compartments containing long woolen bags similar to those used
in baghouses at the primary-lead smelters. The bags are automatically rapped when
the bag resistance builds up to sbout 4 inches water pressure. Dust removed from
the hoppers beneath the bags is briquetted and returned to the blast furnace for
re-treatment,

Another concern, operating a small blast furnace, drossing kettles, and rever-
beratories on lead scrap, battery plates, dross, and lead residues, has collected
its furnace fumes for over 2 years in a five-cell baghouse desismed to treat &,000
c.f.m. of gas. The gas is first cooled to about 500° F. in & setitling charver ani
a series of water-Jjacgeted, steel U-flues, 12 iInches in discnmsotas i o
plent, similar in design to that illustrated in figure:l5, wes ﬂ, = %
as far as possible, the existing structures, so the plant is scusvyiiat improvised,
The investment in reccvery equipment has been repzid by tn= vulue of the metal re-
covered, A ratio of 3.5 c.f.m. per square foot of bag area wzg used in designing

thie dmctellntdis~n horenies ¢ f +he aviremaelwv emall mnavrticnle cira ~f the l1ead frmac
L T r e ~roTh VT remely L rerticle T o the 1 T <.

Zinc Smelting

Introduction

The zinc metallurgical operations in the Los Angeles area, like those of lead,
consist essentially of metal reclaiming and refining. For this reason their raw ma-
terials are mostly scrap and zinc residues, such as zinc fume and dross, often con-
taining lead, copper, and other metals. No zinc sulfide ore and only limited ton-
nages of cuo.onate ore are smelted, hence, culfur fumes, which scxzetimes plague the
primary zinc smelters, are no problem. The number of secondary zinc smelters oper-
ating in Los Angeles has never been large, probably not over three, A description
of the method of operation and the recovery equipment used in one of these estab-
lishments f~11lows,

Metallurgical Practice

Mixed scrap is hand-sorted as completely as practicable to reduce the amount of
copper and other metallic scrap, also fabrics, rubber, and other combustibles, The
selected scrap is charged into the open end of a hooded, rotating, oil-fired, sweat-
ing furnace. The temperature of the furnace is maintained Jjust above the melting
point of lead and below that of zinc., Thus, most of the lead is melted out and cast
into pigs. 2inc 1s removed in a similar way, leaving unmelted copper, aluminum, &nd
iron scrap. The zinc 1s cast into pigs, which are remelted in an oil-fired rever-
beratory holding furnace along with clean zinc scrap and held for further refining
by distillstion,

[N

R e — —— - S L TIPS S - ————




© b ki bl s £ i

-

e e it i i -

R e i

Figure 19. - Pressure-type baghouse
(under construction).
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Each distillation furnace contains a graphite retort large enough to hold a
charge of 3,200-3,500 pourds. In a typicel furrcace cycle, the cold retort is charged
with cleen scrap end metallic skirmings, then closed and heated. Molten rerelted pig
metal, meking up the remairder of the charge, is pumped from the holding furreces
into the closed, hot, oil-fired retort. The retort is driven at about 2,000° F. for
10 to 12 hours. Durinz this time the zinc is veporized and condensed in large, wazer
chilled, cast-iron ccriensers, Temperatures are closely controlléd during the exntire
cycle., Prime Western grade zinc is tapped from the condensers into molds. Tze re-
tort is cooled, the residue (containing copper, iron, and some lead) 1s removed, azd
the retort is readied for ancther charge. Retorts are hooded during chargirg, axzd
any escaping dust and fume are sent to the baghouse.

This concern operetes & block of conventional-type retort furnaces to reduce
oxidized zinc ores, fume, and residues., Materials to be smelted are mixed with
crushed coal; and plant secondaries, such as blue powder, are charged into horizcz-
tal, cylindricel clay retorts provided with conventicnal, truncated, cone-shapsd
clay condensers. lMolten zinc is periodicelly scraped from the condensers during ths
active distilletion and cast into slabs for marxet, O0il is used for fuel, axd all
combustion gases are exrausted to a stack, ’

Stack Effluents

The dust load cerried by the metallurgical gases waries with the method of metel
Arawing, retort charging, and the distillatjon cycle inherent in the retort-reductic:
process. An everage of four samples of the dirty gas entering the baghouse gave dust
loading of 0.78 grain per cubic foot, 90 percent of which was zinc oxide. During
about two-thirés of the distillation periods the blue-green tinge of burning zinc cex
be seen escaping from the condensers, This and other losses entering the atmostrere
may amount to 1.0-2.5 percent of the metal charge.

The physical nature of nascent zinc oxide fume, characterized by its extremely
small particle size from 0.5 down to probably 0.03 micron dlameter, and its quite
typical star-shaped crystel, is illustrated in figures 11 and 13, The sample in
figure 11 was teken from the gas-stream entering the baghouse described below.

Recovery Egquipment
At this zinc srelter, recovery equipment for collecting dust and fume consists

of closets and hocods pieced over the condensers during the cherging and metal drew-
ing. Large volumes of fresh air are admitted irto the vent system at the hools *o

.collect eny esceping fumes and dusts and cool the gases. The diluted gas 1is crawxm

by exhaust fans through a long system of horizontal, steel flues in which the gese
are cooled down to sbout 150° F. The gases then enter the baghouse, a simple stce
frame structure supporting a roof over a series of closed steel hoppers. The soc
type bags are of cotton drill, 12 inches in diameter end 15 feet long and clossd &t -
the top. They ere suspended from a simple steel rapping mechanism at the toD, wnicz
is operated periodically by hand, and the oren ends of the begs are claxmped to 15-
inch-dismeter collsrs welded to the top of the hoppers in rows or in a menifoll ar-
rengement. The simple design of the pregsure-type beghouse is shown in figures i
end 20, -

Luoo . - 29 -



Despite some inconvenlences of gcemirerual cperations, the simple pressure-tygpe
baghouse 1s well-suited for cust collecting at suck plants as that just described.
It is extremely simple to construct erd operate, and its first cost 1s low in com-
perison to soze cf the fully autcn ¢ cuistom-msde ecuirment supplied by meny man-
ufacturers of dust-collecting syst with the excaption of the exhaust fans exznd
trated was cesigned end constructed oy tre
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Lisk% Metels

Introduction

The term "light metals" :as used here includes alumimum, magnesium, and alloys
in which they predominzte. The light-metal industry comprises scme 75 establisii-
ments ergaged mostly in *tre producticn of gravity castings. Some of the larger coun-
cerns, however, cast billets for working into sheet, tube, and many other wrougat
products as well. 1In addition there are soxe 25 concerns whose principal operations
consist of recleinming zni refini

4 tnirs aluminum- end megnesium-alloy serep, skimmin«s,

~-S
end dross.i@/ No siric%ly primary light zetals are preduced in the ares.

lLarge and increasing tonnagzs of aluzimum- and mzgnesiwm-elloy preducts, LoW-
ever, are used in the manufacture of airfremes, in structural work, in transporta-
tion, and in other major Los Angeles industries. As much as 25 to 40 percemt of th
metal fabricated may te returned eventually to the remelting furnaces as plant screg.
Whenever feasible, such scrap is carefully segregated and may often be remelted in
the furnace smsilyg the origiusl eiloy. OStherwise, thc romelt oorcp moy have to ke
brought to specificzticns by the addition of pure netals or alloying constituents.

The national & sete of fresh plant scrap, together with the obsolete scrap,
such as old ceble = ristons, is epproximately 330,000 tons arnually. This repre-
sents some 25-39 parcent of the normal total aliminum consumption in the United
States. Secondary-aluzinum processing is, therefore, an important metallurgical
industry. Secondery ragnesium is relatively unimportant but is growing. Production,
stocks, end movererts cf scme 30 or more classifications of light-metal scraps are
reported monthly. ‘

The conswrptisn curve for light metals in this country continues sharply upward
year after vear, anl trerz is little doudt that the Los Angeles area will continus
to process and concume intreasing amounts. Aluminum, which constitutes the major
portion of iight-metrals tounages, fortutately does not volatilize readily at the
temperatures reguirz< in processing the allcys. Soze fuze, of course, is produce
frox the low-boillr cint elloying metals and freom the fluxes us2d. Control of
fwre from carefully or:ireted, small, indirect-fired furnaces is cexrparatively ewsy
Hendling of dross end recleiming of dirty scrap usually produce more fume, as does
operation of the lergs open-Tlame reverberatory-type furnaces. Serious efforts ¢x-
tending over many monthks have gone into the rmatter of controlling these fumes in the
Los Angeles area and with scme very good results, wnich are described later.

[
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2@/' Dross rerere to wne oxidatica products,formed curing melting, usually contzin-
tal rmechanically entrained during skimming.
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Aluminum Foundry Practice

Most of the aluminum furnaced in foundries in the Los Angeles area is in the
light-metal alloys for industrial castings and in alloy ingots to be wrought. Cop-
per, magnesium, and silicon are the most common alloying constituents in about the
order named, although other metals are used as well. Aluminum-alloy ingots for work-
ing may contain any of the following elements: Copper, manganese, magnesium, zinc,
silicon, chromium, and several other less-used ones in an almost endless varlety of
combinations.

For castings, temperatures range from l,200°—1,h50° F., but most operations are
at approximately 1,300° F. Die castings are poured at about 100° F. below the melt-
ing temperatures, and sand castings are poured at temperatures of 1,2500 to l,500° F.
Temperatures are closely controlled with pyrometers in every pot. The larger rever-
beratories usually use two or more thermocouples connected to recording instruments.
Operators can depend very 11ttle on color indications from the charge.

Boiling-point temperatures of the major metal constituents, as indicated in
figure 2, are high, about h,?OOO F. for silicon, 3,270° F. for aluminum, and 2,025
for magnesium. Most alloys probably boil &t considerably lower temperatures but stiil
high enough so that, with care, the losses of metals by fumning are not great. Muck
of the fume from aluminum-alloy furnaces consists of volatile elements con azired in
fluxes, such as sodium, potassium, and aluminum chlorides and mechanically generated
dust, and of some metal oxides of the low-boiling-point metals.

°r,

Furnaces

Aluminum alloys for casting usually are melted in small, crucible-type gas- or
o0il-fired furnaces for metallurgical reasons: The molten alloy has en avidity for
harmful hydrogen, which mey be obtained from the water vapor in air, from water vagpor
formed as a product of cambustion of the fuels used, or from other sources. There-
fore, in furnaces of this type, it is easier to control the formation of oxide film
and dross and the temperatures, degassing, and pouring. Molten aluminum oxidizes
readily in air, but the oxide clings to the surface of the exposed metal and prevents
excessive formation of fumes. Crucibles may be of cast iron, graphite, and other
nonmetallic materials. Several induction-type electric furnaces are in use in the
area, especially in foundries melting alioys of the same composition dey after day.
Crucible-type furnaces, both stationary and tilting, are in common use for pours
from 200 to 40O pounds per charge. For medium and large melting operationg, eitrer
for casting or working ingot or for holding metal, the open-hearth reverberatory
furnace is most used.

Larger furnaces of approximately 25 tons are usually charged from overhead
boats, and the metal is tapped into ladles for casting. Smaller reverberatories cof
about 10 tons or less capacity are charged by hand through one end or through a
small charging well on one side of the furnace. Metal is ladled out or tapped into
pig molds.

A few barrel-type open-flame sweating furnaces are used by small operators for
treating dirty scrap to produce aluminum pigs for remelting. Such furnaces are ucu-
ally rather crude, gas-fired, stationary or revolving cylinders open at the high end
and sloping steeply toward the lower, closed end. Scrap is charged into the open
ev A, o walsen matal trickles from the emell openinrs in the lower end of the
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cylirder into the casting molds. Scrap iron and brass are raked from the furnace
periodically. There is an excessive issue of fumes from the opzn end. Some of
these furraces are operated in the open or are poorly hooded and, therefore, are
heavy contributors to air pollution. Stringent legal regulations and considerable
vigilance have been necessary to control this intermittent, Jjunk-yara type of
operation.

Dross

Formation of dross is virtually unavoidable. The amount formed depends on
on many factors, such as the equipment used in melting, the character of the materi-
als comprising the charge, alloying procedure, and processing. Dross is an important
cause of metal loss; requires careful handling to prevent fuming, dusting, and mechan-
ical losses; and requires special treatment to recover the entrained metals and elim-
inate alumina. The larger establishments therefore re-treat dross in special equip-
ment and furnaces, usually in a separate section of the works. Smaller operators and
foundries may remove thé easily recovered metals and sell the oxide to others for
special treatment. Dross is skimmed and collected into steel dross buggies or boats
for delivery to the dross plant or to storage.

Flux

Fluxing is practiced to some extent in virtually all secondary-aluminum melting.
This is important from the stendpoint of air pollution because some of the campcnents
of the fluxes are volatile and toxic, esnd if no fume-collecting equipment is provided,
they are exhausted with other furnace gases to the stack.

This practice of fluxing is not to be confused with the inert slag covers, some-
times referred to as flux, used in copper-base alloy melts. In lightweight metal
furnaces, in addition to providing a cover, aluminum fluxes are expected to remove
included gas and oxide particles fram the molten bath and to produce a dry dross
containing the minimum of trapped, molten metal particles. In general use are var-
ious mixtures of potassium or sodium chloride with aluminum sodium fluoride (cryo—
lite) and chlorides of aluminum, zinc, and sodium. One widely used fluxéﬂ/
secondary-aluminum work consists of 85 percent sodium chloride and 15 percent cal-
cium fluoride; another is zinc chloride, often used to reduce oxidation during melt-
ing and to promote coalescence of the metal particles occluded in the dro... Full
details of light metal fluxing practices are contained in a comprehensive manual,
Process Control of Aluminum Foundry Procedure .60

Chlorine and nitrogen are perhags the most widely used gaseous fluxes. Helium,
and more recently boron trlchloride 1/ have been used in alloys for send castings.
The gases are introduced into the bath by lancing with a refractory tube connected
to the gas source by a hose.

59/ 1Liddell, D. M., and others, Handbook of Nonferrous Metallurgy: McGraw-Hill
Book Co., New York, N. Y., 24 ed., 1945, p. 3k.

__/ Special publication, Soc. Auto. Eng., Inc., SP-8. 29 W. 39th St., New York 18,
N. Y., $2.50.

__/ Corson, M. G., Nonferrous Melting Practice: Am. Inst. Min. and Met. Eng.,
1946, p. 109,
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Stack Effluents

Gases resulting from combustion of fuels used in light metals furnaces are the
same as those mentioned previously for copper-base-alloy foundries. Use of helium
and nitrogen gases also has been mentioned. They are used in small amounts and may
pass off with the stack gases, although same of the nitrogen may combine to form
aluminum nitride. Chlorine gas lanced into the molten bath appears to be entirely
consumed., The volatile alkali chloride and fluoride in fluxes in general use readil;
pass into the stack effluents and when condensed may constitute the bulk of thne par-
ticulate matter in the gases fraom reverberatories melting clean scrap. Table b,
Light-metal foundries, shows the significant data obtained when gases are tested
from reverberatories melting clean scrap and oily scrap, and from the treatment of
dross with salt-cryolite flux. Gaseous chlorides are evolved when reverberatories
are fluxed with aluminum chloride. Very small quantities of gaseous florides and
chlorides, up to about 0.006 grain per cubic foot, were found in the gas from salt-
cryolite furnace-fluxing tests described later.

The amount of particulate matter in aluminum furnace gas varies greatly with t-
furnace operatirg conditions, the materials making up the charge, and the fluxes use
Under the conditions tabulated for tests in plant 2, table L, particulate-matter
lcadings from a reverberatory furnace provided with a wet scrubber wvere rather hig=,
0.21 to 0.25 grain pa2r cubic foot, indicating an average actual loss of 13.9 pouris
per hour during a 13- to 20-minute fluxing period, as ccmpared to a rermissible lcss
of 5.3 pounds per hour. Table 1, plants 15 and 16, shows tests on pit-crucible fur-
naces melting aluminum and magnesium alloys with virtually insignificant losses of
0.01 to 0.05 pcund per hour. In table L, plant 1, & test on a 15-ton reverberatory-
furnace ckarge relting selected scrap and aluminum pigs, indicated a loss of 2.2
pounds per hour as compared to a permissible loss of 3.9 pounds. A salt-cryolite
flux was add=d st the charging well. The well was not hooded, theretrore any cnioric:
volatilized there would not be reported in the stack-gas analyses.

The major constituents in fumes from salt-cryolite dross treatment and in fur-
nace fluxing was sodium chloride. Qualitative spectrographic analyses of exit-gsas
residues after igrition indicated that sodium and aluminum contents represented more
than 10 percent of relative ccacentration, total elements reported as 100 percent.
On the same hasis, Mg and Si represented up to 10 percent. Many other elements were
present in coacentrations from 0.01 to 1.0 percent, including Fe, Pb, Mn, B, K, Cr,
Zn, Ti, and Ni, to mention but a few. Furnace metal, with some exceptions, con-
tained, in percent: Cu, 0.3 to 1.7; Fe, 0.2 to 0.6; Si, 0.2 to 0.7; Mg, 0.2 to 2.5,
average sbout 0.5; and Mn, Zn, Cr, and Ni in the ranges below 0.25.

Recovery Equipment

Results of investigations of the performance of dust- and fume-collecting equiz:
ment suitable for aluminum-furnace work and dross treatment availeble at this time
are rather meager. However, some trends are beginning to develop, and the electrics
precipitator and venturi scrubber appear to be effective, Dust and fume loadings cT
gases from the larger remelt furnaces of the reverberatory type and the open-flaze
barrel-type furraces are high, especially during charging and fluxing. This is es-
pecially true when much of the material charged is light or dirty scrap. Further-
more, much of the particulate matter evolved is chemical, resulting from the use of
gases and chemical salts for fluxing, and is submicron in size. These fumes are
mostly soluble in water or alkali solutions and suggest the use of wet scrubbers.

In the dry state they tend to agglomerate and therefore may respond to sonic or
ultrasonic vibrations.
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Tests reported in table 4, plant 2, on the performance of & dynamic won ItrJSTeT
employing the venturi principle have indicated high efficiency in the collectiorn oI
fumes resulting from the treatment of dross with salt-cryolite flux. Collection ef-
ficiency improved with the increase in velocity of the gas through the venturi
orifice.

A light metals concern, which processes aluminum alloys in open-hearth furnaces,
has recently completed thorough pilot-plant tests of the performance of a Cottrell
precipitator for collecting the stack emissions. When operated wet as a scrubber
precipitator, it proved highly efficient and well-adapted for recovery of fumes and
gases evolved during £luxing of dross, both in the furnace and in the dross buggy.
Fumes from fluxes in general use in the industry were tested, including salt-cryolite
and a proprietary formula, in the furnace and in outside dross treatment. Aluminum
chloride flux was used in furnace and ladle fluxing. Normal operating conditions
were maintained during furnace-fluxing tests, and other operations simulated actual
conditions as closely as possible.

In salt-cryolite furnace-fluxing tests, the particulate-matter totals in inlet
and outlet grain loadings in the precipitator were about 0.012 to 0.017 and 0.0002
to 0.002 grain per s.c.f., respectively, and precipitator efficiencies ranged froz
87 to 99 percent. Metal temperatures in +he furnace rangzed from 1,370° to 1,-007 T.,
and gas volumes were about 8,200 s.c.f.m. Gas velocities througn the preciplTnoTir
were sbout 800 feet per minute at stack conditions. The rwacn-T03 Lol SrLlolbs welT
sbout 240° F. at the inlet and 135° F. at the outlet.

Flimination of gaseous chlorides from exit gases in th= =
tests was 100 percent. Inlet grain loadings were low, stout C.

manm 2 an ammne Ak T A P At
[ A

Recovery of gaseous fluorides ranged from 90 to 98 percent and averaged about
94, Grain loadings in and out ranged from 0.005 to 0.012 and 0,0002 to 0.0013 graliz
per s.c.f., respectively, in terms of fluorine.

Furnace fluxing with aluminum chloride resulted in materially higher grain lozzs
up to 0.62, but exit gases were cleared to 0.02 to 0.06 grain per s.c.f. for efficizr-
cies of about 93 percent.

Ove. -all results obtained with the clectrical precipitatnr were excellent. Iz
all tests of practical significance, the precipitator exit gases were far below tre
permissible limits for particulate matter end well below the accer*=hle threshold
1imit of 5 p.p.m., by volume, of chlorine gas in gaseous chlorides. Exit gases &lso
averaged la=ss than the 3 p.p.m. threshold for hydrofluoric acidég/ in gaseous fluo-
rides. Under extrere conditions, some tests on salt-cryolite flu:zirg of dross in
dross buggy and salt-cryolite treatnent in the furnace resulted in :=cme effluents
containing over 3 p.p.m. of hydrofluoric acid. Under proper operating conditions,
no fume was visible in the exit gases from the precipitator stack.

Examination of thermal precipitatoréi/ samples of fume from salt-cryolite flux-
ing under the electron microscope indicated that all particles were less than 2

§g/ Silverman, Leslle, Industrial Air Sempling and Analysis: Ind. Hygiene rounia-
tion, Bull. 1, Pittsburgh, Pa., 1947, p. 3.

é}/ Stanford Research Institute, Second Interim Report on the Smog Protlem in Los
prealas C~untvy:  Los Anseles, Calif., Ausust 1949, p. 24,
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aicrons and most of them are below 0.1 micron dismeter. There was no apparent selec-
tivity in the catch of the electrical precipitator as to the chemical ccoposition of
fume from salt-cryolite and other fluxing tests.

Construction of an electrical precipitator scrubber was nearly completed. It is
designed to treat fumes from dross-recovery units, which are said to operate on chem-
ical principles and to require no extraneous fuel,

The precipitator is designed to treat 10,000 s.c.f.m. of process gas with dust
loadings up to 7.0 grains per s.c.f. within the temperature range of 709-200° F. and
with a pressure drop of not over 2 inches of water. Particulate matter to be col-
lected will consist primarily of condensed metallurgical fumes containing sodium,
potassium, and aluminum chlorides and small percentages of silicon, magnesium, and
other metallic oxides. Some hydrochloric acid may be formed, and the gas stream may
contain small amounts of gaseous fluorides. Up to 50 g.p.m. water may be used for
sprays and flushing.

The precipitator will consist of a redwood shell 12 feet in diameter containing

10 redwood ducts 9 inches by 8 feet by 8 feet. Discharge electrodes will be of

twisted squere-steel rods; collecting electrodes are to be of transite with slot-
type scrubbers. A 10-kv.-a. transformer tapped for 75 kv, meotinas w11 forvnoa
10-kv.-a. mechanical rectifier. The erected cost of this type of cmell precipitator
is said to be about $2 per s.c.f.m. of rated capacity.

Magnesium

Pure magnesium melts at 1,202° F. and boils at 2,025° F. It burns in air at
casting temperatures end, therefore, must be handled with exceptional care. Its
alloys usually contain aluminum, zinc, and manganese and mske excellent sand cast-
ings and permanent mold and die castings. All require specizl fluxes and close
temperature control. Casting of ingots for working requires even more care end spe-
cial refining and fluxing steps. Foundry furnaces are mostly of the small pot-type,
having cast-steel or steel-plate crucibles lined with aluminum.

Both solid and gaseous fluxes are used in foundries making sand castings. Solid
fluxes consisting of chloride selts are used to form & dry crust over the cuarface of
the metal in the pot at about 1,400° F., because the metal will burn irmediately on
contact with air. Fluxes of somewhat similar composition that remsin fiuid at cast-
ing temperatures are also used. Melts are usually purified by lancing with chlorine
gas. Pours are made at 1,450° to 1,600° F., but the metal tempcrature may be raised
to about 1,700° F. for a short period just before pouring.

Permanent-mold castings are made from magnesium alloys containing about 2 per-
cent zinc and 9 percent aluminum. The alloys are melted in cast-steel crucibles
holding up to 800 pounds and are poured at 1,200° to 1,350° F. Fluxes are charged
along with ingot and clean scrap.

Metal for die casting contains aluminum and zinc and, in addition, about 1 per-
cent manganese and scmetimes beryllium in extremely small (0.001-percent) amounts.
The surface of the molten metal is prevented from igniting by maintaining an atmos-
ptiere of sulfur dioxide over the melt. Refining fluxes are usually employed but not

— e



All processes for making ingots require fluxesé&/ usually containing chloride
salts of potassium, magnesium, barium, and magnesium oxide and calcium fluoride.
Ingots are cast under controlled conditions between 1,240° and 1,275° F.

Some of the larger magnesium foundries in the Los Angeles area operate gas-
fired, 2,000-pound-capacity, tilting crucible furnaces. Many smaller crucible fur-
naces of 200 to 400 pounds capacity are used for holding and pouring. Most castings
are made in permanent molds. Large annealing furnaces in the district use floor
trucks containing electrically ignited pyrite or sulfur burners to maintain an at-
mosphere of sulfur dioxide. The truck, loaded with metal, is placed inside a fur-
pace chamber in which a slightly positive pressure is maintained. Any escaping
sulfur dioxide gas is caught in vented hoods eand exhausted. This gas may be recir-
culated to conserve sulfur and to preclude the possibility of air pollution.

Very few tests on magnesium-furnace fumes in the Los Angeles area have been
published. The use of volatile fluxing materials containing noxious chlorine and
fluorine compounds and the tendency of the metal to burn at pouring temperastures
would seem to make msgnesium-furnace gases similar in character to those encountered
in sluminum work. Most magnesium furnaces in the district are small, however, and
are closely controlled. So far as known, no open-fleme-type furnaces are in use in
magnesium foundries in the area, even on Scrap containing magnesium as a major con-
stituent. A test mede on a typical, small magnesium furnace reported in table 1,
plant 16, indicated a very low concentration of particulate matter in furnace-exhaust
gases,

Fumes from burning magnesium grindings contained dust loadings well over the

allowillc 1imit oo 0.% groinm por cubic foot under the conditiome et wn for testing.

The electrical precipitator removed about 97 percent from inlet gases containing 0.4
grain per cubic foot. Iio fumes were visible in the exit gases.

The Nonferrous Foundry reportéz/ concluded that "furnaces melting magnesium and
aluminum alloys containing low percentages of zinc produced negligible quantities of
particulate matter, and should require no more ventilation then is required to take
care of the products of combustion and hot gases.” This conclusion may be justified
for small crucible-type furnaces but is not supported by the data in tatle 4, plant
2, and elsewhere in this report, for large reverberatory funaces of the type used
for aluminum scrap. i

FERROUS PYROMETALLURGICAL INDUSTRIES
Intrcdaction
Stature of the Industries
Ferrous-pyrometallurgical industries in the Los Angeles area include gray-iron
foundries and electric and open-hearth steel production., Pig iron and iron and steel

scrap, together with coke, limestone, and minor alloying constituents, such as manga-
nese, silicon, and nickel, are the raw materials required for steel manufacture.

€L/ Gustafson, K. R., The Casting of Magnesium Ingots for Working: Metals Earndbook,
Am. Soc. Metals, 1948 ed., p. 97h. :

§§/ Industrial Consultants, Report on the Air Contaminants Produced by Furnaces in
tha Tarfarmons Toundry Industry: April 1988, p. 1k,
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Because no primary pig iron is produced in the County, the ferrous foundry and parﬁ
of the steel industry, like the nonferrous industries, are classed as secondary-
metal operations.

In addition to the gray-iron- and steel-foundry industries, two large national
concerns produce open-hearth and electric steel billets for working. Their com--
bined nominal capacity was estimated to be 240,000 - 300,000 tons per year on a LO-
hour-per-week basis. Their dust and fume losses are lower than in gray-iron indus-
tries, amounting to about 0.5 percent of process weight when operated without dust-
collecting equipment. Owing to the great preponderance of particulate matter below
2 microns in diameter in their stack emissions, a large amount of it will remain in
suspension. Air pollution from steel manufacturers in Los Angeles County obviously
has been very considerable,

Concerning the area's steel industry, the current annual report of the Air-Pol-
luction Control District states that one major concern is progressing rapidly with
installation of electrical precipitetors on its open-hearth furnaces, and another
large producer, which has been operating open-hearths, will replace theméé with
electric furnaces complete with control equipment. Data indicate that 12.8 pounds
(0.6 percent of process weight) of dust and fume are released into the atmosphere
for every ton of material charged to the open-hearth furnace.

Adequate control of fumes from electric furnaces pouring steel castings appears
in sight. Two basic types of collecting equipment have been found to reduce emissions
to acceptable limits., These are bag filters and in some instances dynamic wet col-
lectors. An average figure of 5.9 pounds per ton (0.3 percent) of process weight
has been obtained from tests on furnace emissions in the electric steel-casting in-
dustrv without collectine equipment. About A8 nercent of the weight aPthe marticn-
late matter is less than S microns in diameter, according to the District's annual
report.

Approximately 60 gray-iron foundries were active in the Los Angeles area at the
time of this writing. About 75 percent of these are medium to small independent es-
tablishments, and scme of the rest, mostly larger concerns, are captive foundries.
About half of the latter are medium to large shops producing principally pipe and
hollow ware at the rate of 1,200-1,400 tons per week. Some 1,800 tons per week,
mostly light castings, made up the balance of the industry's current rate of about
2,200 tons per week, At an over-all yield ~* about 6k percent,67 the metel poured
would be sbout 3,3C0-3,400 tons per week or about 173,000 tons per year. This is
about 60 percent of the industry's nominal rated capacity of 290,000 tons per year.

Seven steel foundries are now in operation. Their stack losses have been 0.3-
0.4 percent of process weight. At current rates of production about 31,000 tons of
steel castings would be poured per year. Thus the combined foundry industries at
present will pour about 200,000 tons metal per year and at nominal capacity would
pour something like 340,000 tons. Without effective dust-collecting equipment, par-
ticulate matter discharged into the air would amount to about 0.9 percent of the
process weight, scomewhat over 1 percent of the weight of metal poured.

§§/ Orders for strategic equipment may make the continued operation of the open-
hearths necessary.

§1/ Industry statistical estimates were supplied by Robert Gregg, director,
American Foundrymen's Society, Los Angeles.
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Foundrymen acting through technical committees of their trade association and
in cooperation with the equipment menufacturers, the Los Angeles Chamber of Commerce,
and the Engineering Department of Air-Pollution Control District, are vigorously
campeigning to reduce air pollution produced by the ferrous industry. Control of
metallurgical dust and fume adequate to meet legal standards in the Los Angeles area
is entirely feasible and is underway among the larger concerns operating on a basis
that justifies the installation of adequate but rather expensive equipment. Entirely
satisfactory and economic solutions to the difficulties of small to medium foundries
operating the conventional type open-top cupole, however, have not yet been found,
but considerable progress has been made. These matters will be discussed in some
detail later in this report.

Problems of the gray- and malleable-iron foundries are very different from
those of the electric and open-hearth steel manufacturers and are treated separately.

Acknowledgments

The Technical Subcommittee Report of the Gray-Iron-Foundry Smog Committee, pre-
pared by Industrial Air Control Associates, has been used freely in the preparation
of the gray-iron section of this report. Table 5 was assembled entirely from data
contained in the subcommittee report, and acknowledgments have been made in the text
vherever the report was guoted directly. Members of the subcommittee and many oper-
ators and engineers in the industry have supplied valuable information &nd assist-
ance through direct communications. Experimental and routine production operations
wele Uuscived ab sovEial ©8uuuLidliueuls. Much backgiuund ond dirccot Lolp wirc ot
teined from sources acknowledged in the introduction at the beginrning of this report.
Every effort has been made to give proper credit to these and all other sources in
the text or in footnote references, but some inadvertently may have been overlooked.

Gray-Iron Foundry

June 1948, the Technical Subcommittee of the Gray-Iron Foundry Smog Commit-
'l:ee,é8 efter careful consideration of a survey of the existing literature pertain-
ing to gray-iron cupola-stack emissions, decided to initiate and finance a thorough
technical investigation of the subject. Accordingly, Industrial Air-Couwuwrol Associ-
ates§2/ was retained as prime contractor to conduct the work and report its findings
to the subcommittee, Three foundries in the area representing typical small-, med-
jum-, and large-scale operations were selected, and suitable test methods were
adopted. Much of the procedure had to bc developed and checked in the #£ic2ld, because
no satisfactory precedent for complete analysis of foundry cupolas was available.

Operations

The report containing data resulting from this investigation constitutes en
excellent analysis of the conditions that prevailed in the gray-iron-foundry indus-
try in Los Angeles. A summary of resulting data is, therefore, presented in table 5,
quoted directly from the subcommittee's report. The teble also discloses most of
the pertinent conditions of furnace operation, and these are said to be quite repre-
sentative of general practice in the county.
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Methods and equipment for sampling, based on Bulletin WP;50,19/ were first

tested and procedures were established in full-scale preliminary runs on a cupola

in regular operation using the lay-out diagramed in figure 21. A brief description
of methods used in the final sampling is included here for a better understanding
of the matter presented in the table. It is quoted directly from the Technical

Subcommittee Report.l&/

Sampling Methods and Equipment

The teking of finsl samples at the test cupola was accomplished by
a two stage method. A primary sample was drawn from the stack through
a 12" duct by an exhauster. An eight mesh screen in this duct removed
large particulate matter. A secondary sample was removed fram the duct
near the suction blower.

The secondary sample was withdrawn from the 12" duct by a stain-
less steel sampling nozzle, and tube which led to a thimble holder con-
taining a Whatmen paper thimble on which particulate matter and conden-
sible oil, grease and tar were deposited. Beyond this filter the
sampling circuit was divided into three lines, each actuated by a
separate vacuum pump. Two of these lines led through a series of gas
dispersiorn flasks, one set of which contained sodium carbonete for the
absorption of sulphur compounds, the other containing carbon tetra-
chloride for absorption of volatile oil, grease and tar. The balance
of the filtered gases was led through a condenser and moisture trap,
and its volume measured in & test gas meter. Three separate meters,
equipped with temperature and vacuum gauges were used to measure vol-
umes through the three brancnes of tne sampling circulis.

Analyses of combustion gases were made at the secondary sampling
point with a portsble Orsat method gas analyzer. Temperatures were
measured at this point as well as velocity, which was determined at
intervals with a Pitot tube and draft gauge.

Stack temperatures were measured with a thermocouple leading to
an electrical pyrometer at the sampling station. Frequent velocity
checks at stack top were made by Pitot tube measurement.

Smoke density observations were made by visual observation, the
time and degree of opacity of each change of condition being noted.

Conclusions drawn in the Technical Subcommittee Report are, essentially, the
following:

(1) The total particulate matter emitted from these cupolas varied from
0.8-1.6 grains per s.c.f. or from 13-35 pounds per ton of iron produced.

70/ General methods for sampling industrial furnace gases are contained in:
Western Precipitation Corp., Gas and Dust Measurezents: 4th ed., Bull.
WP-50, Los Angeles, Celif.
Air-Pollution Control District of Los Angeles County, Test Procedures and
Methods of Sampling in Air-Pollution Control: 1950.
1;/ Tndustriel Air Control Associates, Technical Subcommittee Gray-Iron-Foundry

- e TVt n - “ ~),
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(2)

(3)

()

(5)

(6)

(7)

(9)

From 14-53 percent of the particulate matter was smaller than 325-mesh,
or approximately 44 microns in diameter, as indicated in table 5. This

matter can be removed only by carefully designed equipment. The portion
larger than 44 microns (86-47 percent) is coarse enough to be collected

by simple devices.

Probably most of the cupola emissions in the area exceeded the legal
limits for total particulate matter, since no remedial equipment had
been installed at that time.

Zinc and lead in the particulate matter were low enough to offer no
significant pollution. The same was true with respect to volatile and
condensible o0ils and tars and to gaseous sulfur compounds.

Sulfur content of the particulate matter in the form of soluble sulfates,
on the other hand, was important from the standpoint of the design of
remedial equipment.

Opacity of the smoke during light-off period varies and was often in
violation. The smoke, however, can be controlled and has been controlled
by proper light-off practice.

Dry centrifugal collectors or wet washers may be used to collect the

coarser part of the emission. A wet washer placed on top of the stack
will control the coarser particles, but all the data available indicate
that it is not suitable for collection of the finer particulate matter,

it an open charging door is used, the resulting dilution not only in-
creases the volume of the gases that must be cleaned, but much higher
temperatures are encountered owing to burning in the upper portion of
the stack.

In any equipment using water, the soluble sulfate content of the emission
must be considered since corrosion problems may arise unless corrective
measures are provided. Also, since large volumes of water are needed for
effective washing, a recirculation system probably will be required to
keep the water consumption to a reasonable figure. Recirculation of the
wash water would simplify chemical treatment to prevent corrosion.

Analyses of the gaseous components of the stack effluents are shown in table 5
for the two periods of the cupola cycle, light-off and melting, together with the

total gas

volumes reduced to standard conditions of 60° F. and 14.7 p.s.i.a.

Stack Effluents

Volumes of stack gases are very considerable even for small- and medium-capac-

ity cupolas and therefore require substantial blower equipment.

The dust-collecting

equipment will have to be proportionally large. The cupolas tested, for example,
use volumes of 5,000-20,500 s.c.f.m., equivalent to 20,%00-65,000 c.f.m. at stack
conditions. This corresponds to 39-112 s.c.f. of gas per pound of metal poured or,
on the basis of total process weight, from 32-91 s.c.f. per pound of material

charged.

later tests (table 6) with cupolas having some form of preliminary dust-

recovery equipment, resulted in volumes ranging from 2,000 to 30,000 s.c.f.m,
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4 TABLE 6. -, Test data on.gray-iron cupolasl/
j Cupola

Particulate matter
Volume, Loss, Allowable,
diam., in. |s.c.f.m. Gr./s.c.f.| 1b./hr. 1b./hr. Recovery eguipment
1-37 6,300 1.06 57.2 8.77 No data.
1-522/ | 10,100 .321 27.2 9.52 After spray-type water cur-
. tain, and wet impinger
, scrubber.
1-63 30,600 RISRY 108.5 26.8 Part of gas burned for pre-
. heating blast air. Figures
given are totals.

1-27 3,000 1.07 27.6 6.0 No data.

1-36 2,000 897 15.2 11.5 Closed top through dry col-
lectors: U-stage packed
towers: OSpray eliminator.

1/ Source: Air-Pollution Control District of Los Angeles County.

2/ Making malleable iron castings.

The most recent tests on five cupolas by Air-Pollution Control District showsil
an aggregate process weight of 50,826 pounds per hour. Tre five cupo.al V2re

—-

plied with a total volume of tuytre air of 11,410 s.c..m. Tein ooyyeIT ULLE O o
s.c.f. per pound of process weight. District engineers 224 80-100 percent to the
tuyere air to allow for dilution at the charging door of
cupolas to arrive at the total volume of stack gas expacsod. 2
ratios with the usual or recormmended ranges are tebuletei in a recernt review =/
methods for removal OI QUST aud [uus Tiuw cupclio choclke,

Sulfur contents of the coke and cast iron, which for the most part are dis-
charged in the stack gases, resulted in concentraticns of n.002-0.013 percent S0z,
by volume, as shown in table 5. The eamounts of volatile lead and zinc and conizr-
sable oils and greases were determined and represent a szall percentage of the cTzl
particulate matter emitted during the melting period.

Particulate matter emitted during the light-off period was, of course, rela-
tively low; but, during melting, dust loads ran up to 0.8-1.6 grains per cubic fooz,
which, on the basis of mass rate of emission, far exceeds the permicscible limits.
The permissible limits for cupola B are a particulate matter stack-discharge loss
of 9.5 pounds per hour as compared to the actual of 69 pounds. The grain loadin
would have to be reduced from 1.6 to 0.22 grain per cubic foot. From 14 to 53 rer-
cent of the particulate matter emitted by the test cupolas was smaller than 40 ri-
crons, and 4 to 10 percent of the total particulate matter was below 5 microns. =Is
amount of particulate matter in the lower range of particulate sizes is enough to
give difficulty in obtaining complete clearance of the exit gases but is not beycr:i
the recovery range of the more expensive industrial eguipment.

Foundry Equipment and Dust Suppression

Equipment capable of reducing particulate matter in iron cupola-stack emissicz:
to the extent required by law is available but in a price range that some small

Zg/ Witheridge, W. N., Foundry Cupola Dust Collection: Heating and Ventilating,
<51, L&, No. 12, December 1949, pp. 70-8L,
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foundries cannot afford to pay. Limited, but quite favorable experience in Los
Angeles with other types of gray-iron melting furmaces indicate that the following
types of furnaces might comply with th2 Los Angeles code. These types are:

(1) The electric furnace; (2) gas- or oil-fired reverberatory; and (3) continuous
gas-fired rotary melting furnaces.

The use of the electric furnace is an ¢xpedient open to the small foundryman
where energy is available at a low encugh cost. Capital cost of this type of fur-
nace 1s in the order of four times that of the simple cupola of equal capacity.
Dust emissions from most types of electric furnaces are lower and much easier to
control. One such operation by a resourceful foundryman is briefly described later.
Experience in the Los Angeles area is limited, but results so far indicate competi-
tive operating costs and great flexibility.

At least one small, commercial, reverberatory-type melting-furnace operation
has been tested by Air-Pollution Control District. This was a tilting-type, gas-
fired furnace melting a 1,000-pound charge at the rate of 546 pounds process weight
per hour. The cherge consisted of 300 pounds pig iron; 500, scrap; and 200, returns,
with 2 pounds soda ash. Orsat analyses of stack exit gases averz~ed 1.5 —-sroont C0p;
18.4, Op; and 80.1, Np. The volume of dirty gas was 12,270 c.i.z. a2t [73Y 1., in-
cluding much dilution with air at the entrance to the stack; no gas-clesning equip-
ment was in use or required. Gas-fuel consumption was 70 c.f.r. The exit gac con-
tained 0.00288 grain per cu. ft., and actual losses were only (.13 pound per hour,
as compared to an allowable loss of 1.9 pounds per hour.

Based on experience with reverberatories used in the mallesble- end roll-iron
industries in the Middle West, some suthorities believe that the oil-fired reverber-
atory, capable of maintaining temperatures up to 2,9000 F., could be used to advan-
tage in the Los Angeles area. The estimated cost of a 5-ton batch furnace (4 by 16
feet inside), equipped with oil burners is about $12,000 f.o.b. factories in the
Middle West. Operating costs are said to be competitive with other types of fur-
naces of like capacity.

A third type suggested as a substitute for the cypola is the gas-fired continu-
ous rotary meiting furnace. One large manufacturer of all types of gray-iron-
foundry equipment has had experience elsewhere with the rotary furnace, producing
1.5 tons per hour at 2,800° F. Refractory costs were said to be higher, but because
of the high cost of coke in the Los Angeles area (currently about $32 per ton), the
over-all operaling cost on the continuous basis was estimated to about equal the
cupola operation. ‘

The first cost of this type of furnace, f.o.b. factory in the Middle West,
ranges from about $10,000 for 1,000-pound-per-hour capacity to $16,000 for the range
from 3,000- to 5,000-pound capacity. Considering production operations elsewhere,
the manufacturer, who is familiar with the Los Angeles conditions, believes that the
continuous rotary furnace could comply with the Air-Pollution Control District code.

Almost all small- and medium-capacity gray-iron cupolas in the Los Angeles area
are of the conventional type, with open top, discharging their stack gases directly
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into the atmosphere (fig; 22) ., Many foundrymen are traditionally afrald of gas ex-
plosions 1if cupola gases are confined, and this apparently has deterred achieving
effective dust recovery, expecially atu small foundries. Mechanical complications
of charging the closed-top cupola and collecting the gas apparently can be overcome
by edopting the technique long used on blast furnaces but on a Very much smaller
scale. This will be discussed later. Overcoming the small foundryman's fear of
the closed-top cupola aad paying fcr the gdditional equipment are perhaps greater
obstacles.

It is becoming quite apparent that no single, lnexpensive dust-recovery princi-
ple, such as & simple water curtain, scrubber, or even the multitube, dry, centri-
fugal collector, will be adequate. One exception to this is the high-temperature
baghouse, but at a materially higher cost. Therefore, the use of two or more types
of equipment in series may be required. Equipment indicated for the first stege in-
cludes almost any of the high-efficiency, 4ry, cyclonic, multitube separators. A
rather large settling chamber with baffles or other means of partly cooling and re-
versing the direction of the gas stream and dropping out the coarser particles has
been used with some success. Such devices may account for ghout 50 percent by welght

of the particulate mstter in the ges. It was thought that come of the w277 TIDES c?
dynemic wet scrubbers or of the more efficient packed fower: mignt be founl omilis-

factory for the second stage, and that scme combination of the simpler and inexpen-
sive types of equipment would prove adegquate and practiczl. If nov, for a third
step, some of the proved eguipment, such as bag filters or electrical precipitators,
will he reauired to collect particulate matter smaller tran 10 microns. This In-
deed eppears to be a formidable train, especielly for the spaller estupllsimenis,
but mey be materially simplified by pending developments involving the use of egulp-
ment mentioned later.

A type of dry, inertial collector found surprisingly effective as a prelinminsr?’
cleaner for cupola-stack gases is reportedl&/ to give 50-75 percent reduction of dust
load from gases in which about 50 percent, by weight, of the particulate matter was
smaller than 50 microns (300-mesh) in diameter. Dalla Vallel5/ states that, while
probably not as efficient as others, this device is without gquestion the most compact
ihertiel unit available for cupola work. This cleaner, recently described,lé ap-
pears simple and inexpensive. Its efficiency was claimed to equal that obtained
with one of the best-known hydrodynamic scrubbers tested on gas from Los Angeles
cupole B (teble 5), a gas also containing about 50 percent of its particulate ratter
in sizes smaller then 50 microns.

Development Trends

Several methods of abating cupola dusts and fumes are being pursued in the Los
Angeles area, leaving 1little doubt that means of satisfactory control are in sight.
To date, the high-temperature baghouse and the electrical precipitator, in pilot
operations, have achieved adequate collection of perticulate matter, including the

zk/ Witheridge, W. N., Foundry Cupola-Dust Collection: Heating and Ventilating,
vol. 46, No. 12, December 1949, pp. TO-8k.

12/ Della Valle, J., Principles of Design, Application, and Performance of Dry
Tnay+tinl and Motor Powered Dynamic Separators: U. S. Tech. Conf. on Air
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difficult-to-collect sizes below 40 microns. Several full-industrial-scale baghouses
similar to thet described below are under construction. A third method in full-scale
operation, involving the use of the packed tower and hydrodynamic scrubber in con-
junction with the closed-top cupola, is approaching satisfactory performance. A
fourth involves use of the electric furnace in conjunction with the sock-type bag-
house. Capital and operating costs may be the deciding factor in the choice of
methods adopted.

General Metals Corp., one of the largest malleable foundries in the area, oper-
ates a pair of Whiting standard No. 3-1/2 cupolas similar to that diagramed in fig-
ure 23, These are operated singly on alternate days. A typical charge for a 7-1/2—
hour shift consists of about 64,000 pounds of metal, coke, and flux, resulting in a
process weight of approximastely 9,000 pounds per hour. On this basis, tests have
indicated that from 17,000 to 19,000 c.f.m. stack gas leaves the hydrodynamic col-
Jector at about 350°-400° F., which is equivalent to 8,000-12,000 s.c.f.m. carrying
from 0.38 to 0.27 grain per cubic foot, or about 20 to 33 pournds per hour. The per-
missible discharge for & process weight of 9,000 pounds is 9,36 pounds per hour.

After considerable testing and experimental operation, the Corporation decided
to clean its cupola gases by the use of a high-temperature (500° F.) baghouse. Self-
closing charge doors will be used, and gas burners will be provided 30 inches above
the top of the charge-door elevation to insure complete secondary combustion in the
cupola stack. The hydrodynamic collector will be provided with explosion-door
covers, and enough spray water will be used to prevent emissloL O guses avuve
l,OOO° F. to protect the metal duct work. Radiation from the duct work connecting
the cupola stack with the baghouse will be enough to insure gas temperatures not
over 500° F. at the baghouse. A 20-hp. fan speeded to deliver about 12,500 c¢.f.nm.
at 500° F. against a pressure of 6 inches of water will maintain a pressure of &
inches maximum on the bags.

The pressure-type baghouse will consist of five units, each containing 20,
11-inch diameter by 15-foot glass-fiber begs suspended from an automatic rapping
device at the top closed end of the bag. The hot gases are forced into the manifold
feeding the lower open end of the bag. The bags and rapping mechanism wil. oe pro-
tected by a well-ventilated shed. Available bag area will be 4,315 square feet thus
providing for 3 c.f.m. per square foot of bag surface.

The efficiency and economy of the glass bag have been demonstrated over several
years of operstion under severe conditions in the nonferrous-foundry industry in the
Los Angeles area, as noted earlier in this report. The General Metels Corp. beghouse
will be the first installation in the area using gless bags for ferrous cupola-dust
recovery. At least one installetion of woolen bags has been used on fumes from elec-
tric steel furnaces. Results in this case were rather unsatisfactory on account of
occasional excessively high gas temperatures.

Closed-Top Cupola

Development of the closed-top cupola similar to the design used in iron blast-
furnace practice is attracting serious attention,even though it involves a radical
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Figure 23. - Side-charge cupola with spray-type water curtain hood; gas to high-temperoture
baghouse. (Courtesy of Whiting Corporation, Harvey, l11.)
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in development of the modern blast furnace, which, although handling enormous vol-
umes of heavily laden gas,ll/ delivers a final exit gas virtually free of particu-
late matter and suitable for almost any industrial fuel requirement.

The closed-top cupola is shown in figure o4, Tt is charged from the top through
& bell roughly simuletirg that used in the blast furnace, Unburned gas is drawn out
below the bell and delivesred to a primery dust collector to trap the coarse particu-
late matter and reduce the grain loading to the secondary collector. Gases are then
washed and cooled in a packed tower. This may be supplemented by a baghouse. Use
of a heat exchanger is proposed to produce hot-blast air for use at the tuyeres.
This system has been described by its designers.lﬁ/

Some advantages claimed for this system are: (1) Use of the closed top prevents
the combustion of the gases and fuel in the upper part of the cupola, thus lowering
the temperature and volume of dirty gas to be cleaned; and (2) a material saving of
reducing fuel should result through the proposed use of the hot blast. The closed-
top cupola has been in full-scele operetion in one of the Los Anzeles foundries for
many montrns end Is in an advanced stage of development. Accerding to the sponsors,
melting results have been izrroved, erd scrap losses end cclze consumphbion r=ve been
decreased. ' |

To avoid the cupola foundryman's fume difficulties e least two gray-iron found-
ries have ebandoned cupola melting in favor of the electric furnace. One is using
a single-phase. rocking-type indirect-arcl9/ on malleable cestings end another tre
direct-arc furnace.88/ The latter is using & 2-ton TilTlLg, S1ue-Cihalelhy, Loluus
furnace operating on a 3-phase alternating current supplisd frcm & 1,000-kv,.-a. trans-
former. A small motor-generator set supplies direct current for control equipment
and suriliaries. Metal, flux, and ferro-alloys are charged at a rate of about 1.5
tons per hour during 6-hour melts. Gases are cooled by dilution to ebout 4,100 c¢.f.m.
at 125° F., the operating temperature at the baghouse, with about 180° F. as the rax-
imum. Ability to use & wide range of raw materials, great flexibility of operation,
and low gas volumes end fume emisslons are some of the sdvantages claimed for this
operation.

The final cleaning of the gases is through a conventional sock-type baghouse
equipped with 178, 5-inch-diameter by 6-foot cloth bags. Gas flow is restricted to
3 c¢.f.m, per square foot of bag aresa. A 4,800-c.f.m, fan at 5-inch static head 1is
used. Silicone-treasted and special-weave glass-fabric bags will compete with cloth-
fabric bags. 3

Another promising field now being investigated in the Los Angeles area is that
of adaptation of the Cottrell-type electrical precipitator to cupola work, A small,
low-cost unit suitable for foundry use is now under development. The electrical
precipitator may be preceded by a wet scrubber to reduce the coarse-dust load and
to humidify the gas.

77/ Blast furnace gas initial load, 12.5 grains per cubic foot, final 0,015; voi-
ume 166,460,000 cubic feet per day while producing 1,400 short tons of iron
(Metals Handbook, 1948 ed., pp. 317-18).

78/ Dreke, J. F., Kemnard, T. G., and Saylor, W. A., Control of Cupola Stack
— T lrios e aes w21 1A% o 1h, 10ko, -n, 88-02.
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Of the different types of equipment available in the low-priced field that have
been tested thus far by engineers employed by the Gray-Iron-Foundry Smog Committee,
only the baghouse equipped with glass«fabric bags has met the legal requirements of
the district fully. Two types of dynemic *7et scrubbers, one of which is widely used
in industry, have proved inadequate when used alone. Approved types of dry centri-
fugal equipment and spray towers also failed to meet requirements under the same
conditions,

Of the more expensive types of equipment, the bag filter, preceded by a centri-
fugal dry-type preclesner, was tested, Gases were cooled to 450°-600° F., then fil-
tered through three types of glass bags. All me* Air-Pollution Control District re-
quirements, but the life of the bags was not determined in the test.§£/ Scme of
these tests, the equipment used, and future plans of the Gray-Iron-Foundry Smog
Comnittee to test the small electrical and perheps the sonic precipitators ers de-
scribed in Western Metels.82/

The plight of the small independent gray-iron foundryzsz, =c vie
standpoint, was summarized by the chairmanéi/ of the Gray-Ircxn-Toundry
as follows:

In evaluating the economics (of the Gray-Iron-Feuriry Industry in the

Ioz Angeoler Aree) it chould be epperent +that the monetory 2ot ofearrectiva
equipment for the cupola dust suppression is vitelly izporisat. The outlay
for satisfactory equipment mey represent an undue strain oa the foundry's

available capital.

In the grey-iron-founlry industry such an outlay is naturally a non-
profit production expenditure. It does not improve the quality of the
product. It does not reduce the cost of the product, and it does not pro-
duce a marketable byproduct to be recovered from the collector emissions.

Aarvhough in the aggregate the industry is large, each unit or fouadry
is in itself usually & reletively small business. It has a limited capi-
tal and works on an extremely narrow profit margin.

There is also the problem of continuing cost of operation. Such
equipment by its very nature is a high feplacement item. Repairs and
renewal parts must be resorted to in order to maintain the installation
at acceptable efficiency.

81/ Speciasl-weave glass bags are described in another section of this report deal-
ing with nonferrous metals., Bag life under difficult conditions encountered
in that industry has proved quite satisfactory. Silicone-treated glass fabric
bags are also in experimental use on fumes from malleeble iron cupolas in the
Los Angeles area as mentioned heretofore (p. 24).

§§/ Harsell, P. L., Jr., Los Angeles Foundryman Test Air-Pollution Control Equipment:
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Figure 25. - Electric-steel furnace with fume-collecting hood.
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Figure 27. - Electron-photomicrographs of fumes from electric furnace producing steel
for castings. (Courtesy of Albert L. Chaney Chemical Laboratory and
Ind. Eng. Chem.)
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Castings

Normelly some seveén establishments pour castings from steel produced in electric
furnaces. Industrial demand for such products varies greatly, but approximately
30,000 to 50,000 tons of metal per year might be considered normal for the 4O-hour
week operating basis. Steel casting, therefore, is still a small industry in the Los
Angeles area, end its contribution to air pollution before collecting equipment was
in use was comparatively low, being about 0.3 or 0.4 percent of the process weight.

Operations

Metallurgical practice@&/ varies widely, and even local practice 1is not easily
generalized. Furnaces are charged mostly with steel scrap, which is often oxidized
and usually contains esmall amounts of nonferrous and organic materials. Ferro-alloys
and fluxing materials are usuglly added. The process cycle is completed in 1.5 to
2.0 hours and is essentially & batch operation, with melting temperatures ranging up
to 3,200° F.

Medium and small tilting furnaces with removeble tcps ere In gonsranl ure 1o
steel foundries. Electrodes and other geesr protruding from the top of the furnace
meke adequate hooding difficult, but quite satisfactory eguizmznt for soms anplice-
tions in this size range has been developed by manufacturers of dust-recovery eguio-
ment, Examples are shown in their catalogs end in figures 25 and 26. A paper by

£ ~a 2

KaneB)/ describes applications oI exiimust veubilaticn T clepkrin eteel fuTnaces.
Effluents

Gases from small electric furnaces used in the foundry industry may vary frez
2,000 to 3,000 s.c.?.m. per 1,000 pounds cf process welght per hour. Air diluticn
at the hoods may reduce gas temperatures to L50° ¥. or lower. Dust and fume loading
may amount to 0.4 grain per s.c.f. in the dirty gas and 0.02-0.05 grain per cubic
foot in the cleaned gas, depending of course on the efficiency of the recovery equip-
ment. Stated another way, furnace emissions of 5 to 8 pounds of perticulate matter
per ton of metal melted per hour may be enticipated. Emissicas during the boil end
purification steps of the process are several times the mean rate.

Particulate matter emitted by furnaces tested in the area consists mostly of
oxides of iron and other metals, with some smoke from combustible matter. Particles
are predominantly spherical, mostly smaller than 3 microns diameter with over 95
percent below 0.5 micron Figure 27 illustrates the characteristically round images
of fume particles from an electric furnace making steel castings, indicating their
spherical shape and tendency to agglomerate.

Recovery Equipment

Dynamic wet scrubbers, particulsrly those providing positive and violent mixirg
of gas end water followed by separation of gas and particulate matter by centrifugal

84/ Metals Hendbook, 1948 ed., contains discussions of basic and acid electric

s P ano v.,-,-,pd—j ~a

~e -
.t

Je - . R e e T ol TR R R e Cmaad A T .
G / Yo, oI il W IUT e es o o ol LCThL el SRR SRV e U EVPRP RS R

] [ - K T .-

Y

. . RS
CTT GOOS —er : ATl L .
D ATLACC . IrENS . fuee o CLlidlyadae R SR

pp. 1351-1350.
4558 - L9 -




AN oo oabe, . e s e o b 2

action, have produced good results in some applications. Electric steel-foundry
furnace gases properly cooled and conditioned no doubt can be recovered witkh bag
filters and, of course, by electricel precipitation.

The electric steel-foundry industry in the Los Angeles area thus has been some-
what more fortunate than the gray-iron industry, and is believed well along in its
campaign against air pollution and for better operating conditions in its plants.
Operating conditions, and the results of dust-recovery-equipment tests, for typical
spall, 3- to 6-ton electric-arc steel furnaces pouring castings in Los Angeles
plants are shown in table 7.

Ingot

Larger electric tilting-type furnaces for the production of ingots are in pro-
duction or are scheduled for early operetion in the steel plants in the ares. These
are rated from 50-75 tons per betch, or up to 33,000 pounds process weight per hour.
Electrode consumption 1s sbout 10 pounds of carbon per ton melted, and this edds
somewhat to the air-pollution problem if furneces are not well-hooded and the geses
are not treated.

In one large plant, the furnsce top with electrodes and connecting geer, includ-
ing dust hooding, is raised and swung eside during charglng. Dust characteristics
and operating conditions for the larger furnaces are similar to the smaller ones,
varying with the nature of the rew materiasl and the kind of steel produced, but fume
losses are higher - 0.5 to 0.6 percent of process weight. Some hooding difficulties
on the larger furnaces &are yet to be overcome, particularly to obtain more cocmplete
fume collection ard in the use of materiasls to witnstand nigh temperaiures aud Lol -
rosion. Recovery equirment, of course, must be of correspondingly greater capacity.
Dynemic-scrubber-type equipment was selected by one large producer in preference to
the electrical precipitator pecause of the much lover capital cost for the scrubber
per unit volume of gas treated. Their applicability on larger operations, however,
is sti1ll to be proved.

Open-Hearth Steel

Procedure and Equipment

Steel making in the cold-metal open-hearth furnace is a highly perfected process
subject to wide variations in practice. Procedures and equipment are described in
detail in many published works on steel., Pig irom, steel and steel scrap, limestone,
and coke are melted in a reverberatory-type furnace, usually heated with oil or gas
or both. The sensible heat of the hot furnmace gases 1s ususlly partly recovered in
waste-heat boilers or recuperative brick checkerwork or both., Part of the coarser
particulate matter accunulates in the heast-recovery equipment and must be removed
periodically, but most of the particulate matter in the low-micron and submicron
ranges must be recovered in efficient collectors. The time cycle for open-hearth
operation is longer, and the ges volumes are usually much larger than for the elec-
tric furnace. Open-hearth furnaces in the Los Angeles area melt charges of 50 to 60
tons of metal with 2 or 3 tons of limestone and a ton of coke in an 8- to 10-hour
operating cycle. Stack temperatures range from 1,100° to 1,250° F.
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Figure 28. - Electron-photomicrographs of fumes from cold-metal open-hearth stesl

furnace. (Courtesy of Albert L. Chaney Chemical Laboratory and Ind.
Eng. Chem.)
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Stack Effluents

Dust esnd fume loading varies over & wide range from 0.10 to & maximum of 2.0
grains per cubic foot durlng certain periods of the open-hearth cycle, with & norm
of about 0.6-0.7 grains per cubic foot for the installations tested. Normel gas
volume is about 930 s.c.f.m. per 1,000 pounds of process weight per hour. Stack
dust losses may amount to frox 8 to 20 times the allowable 1imit under the existing
regulations detailed in appendix A. Reduction of these losses to allowable limits
of 10 to 14 pounds per hour, corresponding to process veights of 10,000 to 16,500
pounds per hour, requires high-efficiency, costly recovery equipment capable of re-
moving extremely small average-size particles. This and other characteristics of
cold-metal open-hearth fume are {ndicated in figure 28.

Extensive tests of furnace conditions and of equipment believed suitable for
controlling open-hearth fumes have consumed time and money but were unavoidable be-
cause of the almost entire absence of precedent and knowlzdge of the factors in-
volved. This pilot work, conducted by Western Precipitaticsn Corp., resulted in
installation of electric precipitstor equirment at the Torrance WOTZS of Csluzbie
Steel Co gusranteed by the manufacturer (Research Corp.) o =z¥v paeolmaonts of
the Air-Pollution Control District over & wide range of operating cornditions.

The actual performance of the initial unit during its ccceptence tests end
after correction of numerous minor deficiencies usually encouniered in pioneericsg
instellations far exceeded the menuracturer’s gusianves sum—omimed later, Tiring
four series of tests with the couplete installation aggregeting 17 tests, dust lesd-
ings of the precipitator discharge gases Were; maximum 5.86 pounds per hour, minizd
0.14 pound, and weighted average of ell tests 1.95 pounds LeY hour, compared with 2
guaranteed performance of 11.5 pounds per hour. The precipitator efficiency ranzed
from a minimum of 96.0 to a maximum of 99.0 percent; the welghted average of 17 tests
was 97.9 percent.

Recovery Equipment and Test Data

Many types of recovery equipment were tested or carefully considercd for use in
suppressing open-hearth reverberatory exit gases. The experlence of one plant, vhich
selected an electrical precipitator, will be discussed in detail. Tlant records of
operating conditions averaged over a period of 5 months established a basis for the
design snd operating gscale of the electrical precipitator test unit. Framinations

of the physical ard chemical characteristics of furnace gases and of the products of
the precipitator, of course, were made. These data made it possible for suppliers
to design and guarantee the operating results to the purchaser.

The general problem was as follows: Operating oil- and gas-fired open-hearth
furnaces of 58-ton capacity are connected through existing ducts end flues to tall
stacks. Reverberatories are charged with cold pig metal and scrap, limestone, coke,
fuel, atomizing steam, and combustion air. Furnace products are steel ingot, sleg,
and waste gases. The exit gases are used in a waste-heat boiler to produce steem
to be used in the plant. The cooled gas is drawn into the electrical precipitator,
which collects and delivers particulate matter mechanically in the dry state to
cxion il LLiTe - sl
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Plant engineers determined that each open-hearth normally handled a charge con-
sisting of about 129,500 pounds of cold metal, 5,600 limestone, 1,500 coke, an aver-
age total charge of 136,600 pounds. The average elapsed time from the start of
charging to the end of tapping was 8.1 hours; process weight per hour was 16,900
pounds; fuel consumption varied from 20,000 c.f.h. of natural gas and 72 g.p.h. of
fuel oll to 0.0 c.f.h. gas and 250 g.p.h. of oil. The volume of flue gas was 12,500
to 14,000 s.c.f.m., and the approximate volume of gases at stack conditions amounted
to some 33,600 c.f.m. Gases entered the stack at about 1,300° F. and carried a
maximm of 2.0 grains particulate matter per s.c.f.

Extensive sampling and testing of untreated open-hearth stack gases by consult-
ing engineering firms§9/ before the pilot-plant operations established the following:

1. Concentration of particulate matter was in excess of 0.4 grain per
s.c.f. at ell times, except during the last one-third of thz melt-
ing period, thus violating Air-Pollution District rule 52 then
governing.

|
2. Concentration of zinc oxide per s.c.f. ranged from 0.103 to 1.344 greins,
and concentrations of lead ranged frono 0.046 to C.12%.
3. Rolotive cpecity ~® emissinns equaled or exceeded 45 percent (No. 2
Rirglemann) almost continuously for the duration of t-e furnace cycle.

4, Mean particle size of the particulate matter was 0.5 micron, with no
particles larger than 3 microns.

5. Zinc, lead, iron, sulfur, and chlorine were the major constituents
of the emissions.

The following data are from the engineers' report:

A total of seven samples was taken. Three of these, designated Samples
A, B, and C were taken during the period between the Pirst end seczond
charges. Samples A and B were taken with filtration apparatus, end Sample C
with chsorption apparatus for the sole purpose of determining the presence of
gaseous sulfur compounds. -

Samples D, E, F, and G were taken with filtration apparatus between the
end of the second charge and the end of the heat.

[ - o g ; .-
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Sampling results of untreated open-hearth stack gases

Sampling periods

I. Between first ard second charges.
II. Eerly part of melting period.

IITI. Middle part of melting period.

IV. Late part of melting period.

Summa of concentrations in s les collected
(Grains per cubic foot at 80° F. end 14.7 p.s.i.)

Sample Time, P.M, Particulate matter Zinc oxide Lead
A 2:51 - 5:02 1.421 - -
B 2:51 - k:21 1.962 1.344 0.138
C L:26 - 5:02 - - -
D 5:46 - 9:30 0.420 - -
E 5:46 - 6:46 1.104 0.482 0.093
F 7:09 - 8:09 0.4kl 0.153 0.048
G 8:30 - 9:30 0.368 0.103 0.046
Particle-size distribution is sumarized as follows:
Size Averagc sosplc A =md D
1-3 microns 7.3
0.5-1 micron 28.4
0.15-0.5 micron 49.5
Below 0.15 micron 14.8
100.0
Surmsary of chemical snalyses of samples B, E, ¥, and G
. Water soluble
Percent Percent loss on
Sample Zinc Lead Iron Sulfur | Zinc Sulfur | Chlorine | ingition
B 55.02 T7.02 3.03 3.24 18.24 [ 0.76 2.39 13.13
E 35.0k4 8.64 | 1k.12 L.06 }16.32] 1.30 5.45 24 .97
F 27.84 | 10.90 9.08 | 10.08 |25.k4 1 T.75 None 14.55
G 22.97 12,42 4.03 15.18 14 .88 8.22 1.07 15.28

Qualitative spectrographic examinations confi
and iron as mejor constituents; silicon, calcium,

the order of 1.0 percent; and copper, manganese, chromium,

mony, bismuth, titenium, molybdenum, vanadium,

the range of 0.5 to 0.01 percent.

lished that, on a dry basis, high-

and barium were

rmed the existence of lead, zizc,
and eluminum as intermediates It
nickel, magnesium, anti-
estimated to be in

Subsequent operation of the electrical precipitator test-unit further estab-

tical equipment in reasonable sizes.

- A e T

ard fume losdirgs were shown to
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efficiency collection could be attained with prac-

This was proved over a wide range of operezirz

L4tk e n omok wpaaaeAitio--d,  Tests wvere made when the Pur-
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0.36 to 1.45 grains per s.c.f. during oll firizg, and 0.30 to 1.96 grains per s.c.f.
during gas-oil firing. A composite of all dust collected had the analysis shown in
table 8. Satisfactory results were cbtainable between 400°-650° F. At temperatures
above 750° F. the dust formed sinter-type agglomerate, which resulted in crusts dif-
ficult to remove, jndicating that operation above 700° F. should be avoided.

TABLE 8. - Analysis of composite samples cf Cottrell
qust from open-hearth furnacel/

(as collected)

Element Analysis Calculated
TIL vvvvoesoneesssasasassssnnassssss 28.3 3L.8
PD vecveesannscoscosonssonscnsonssns 10.7 11.5
FE oveeeverossssassssssanssasnsans 6.1 12.8
CT ovevveosaesecnssasessosonssoscsns .58 .9
MIL ©eceecssencansssscassaneonsvcscs .31 )
CA vvevveonsssnsssssssnrssssnsscssns 5! L
Sulfur, total (as S) weeressss| 11.1 27.8
TOLEL eeeeesssssoseosrssecs g8.7

1/ Source: Colurbia Steel Co., analyses by Smith-Emery Co.

Sulfur content, determined as total S and as SO0, was jdenticel., Qualitative
tests of sulfide sulfur were blank, therefore, it was concluded thet the metels were
present as oxides,

Pilot-plant inlet temperatures ranged from h50°—750° F. during oil firing and
from 290°-680° F. during gas ?iring. Collection efficiency ranged from 98.4 to 1CO
peiceny o=l sworogad sheove 000 nercent.. Power consumption ranged from 53 to 67 kvw.,
and averazed about 53 to 59 kv. Test voltages ranged from 47 to 67 kv., and aver-
aged about 56 kv, This indicated a 25-kv.-a power supply per industrial unit would
be needed, and an energy consumption of scmewhat less than one kw.-hr. per 1,000
¢.f.m. was anticipated. A secondary voltage of 75 kv, was indicated to make up &
rectifier loss of 25 kv. and about 50 kv, on the ducts.

Results determined over @& wide variety of operating conditions by Cottrell
pilot-plant tests are reported in table 9 for fume loads at 60° F. and 29.9 inches

mercury.

TABLE 9. - Cottrell pllot-plant results on open-hearth steel furnace gases

Gas Maximuz ADDrox. Av; Mirimum
et iiiriii .. ...... Br./s.c.f. | 1.96 0.60-0.70 0.36
OUtlet oo.oseecscssaccssse do. | .01 .005 .0

On a basis of 14,400 s.c.f.m. inlet gas carrying 0.7 grain per cubic foot, the
burden would be 86 pounds per hour, and on en indicated process welight of 16,900
pounds per hour, this would amount to about 0.5 percent. The permissible emission
under rule 54 (appendix A) 1is 14 .3 pounds per hour.

On the basis of 23,600 c.f.no. {each furnace having a separate precipitater
unit) at 500°-600° F., maximum inlet loeding 2.0 grains per s.c.f. of ges volume
of 12,500 to 14,400 s.c.f.m., equal to maximum of about 246 pounds per hour, the
equipmen? manufacturer guaranteed the efficiency of the equipment as summarized

Tl Ay 8

T, wioo pyesidenc L ColTs Os panmus Ll
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- » supplier guarantees that when the installation covered by the
.‘;1;utians and the agreement is adJjusted and operating within but

- ;; exceed its rated capacity of gas and under the normal operating
;onditions get forth in the specifications and data sheets, the suspended
—,+ter present 1n the exit gases from the installation will not exceed
11,5 1b. per hour per furnace for any one hour, including the precipitator
rupping cycle and waste heat boiler lancing period, and further guarantees
i that for & period or periods aggregating not more than three minutes in
' any one hour the discharge from the flue system will be (a) as dark or
! darker in shade as that designated as No. 2 on the Ringlemann Chart, as
f published by the Bureau of Mines, or (b) of such opacity as to obscure an
i observer's view to a degree equal to or greater than does smoke described
in condition (a) above.

!

! The above guarantee is contingent on the purchaser operating the in-

: stallation in accordance with instructlomns from the supplier and the boiler

; manufacturer, and is based upon boiler lancing with steam so arranged that

] only a smell portion of the boiler will be lanced st any one time. This

' guarantee is also based upon conditioning of the gases, 1if found necessary,
as set forth in the specifications.

Methods of measurements to demonstrate the sbove guarantee shall be
in agreement with the methcds and equipment now employed by the Los
Angeles County Air-Pollution Control District, set forth in Bulletin
WP-50 and the supplier's Bulletin 3-A.

In the event of failure of the instslletion to meet the gusrantee,
the supplier snaii, 8T 1ls OWL expeLsc, wehe Lhe noccssary chongoc o
meet the guarantees by means and methods acceptable to the purchaser and

! in such manner ss rot to inconvenience or disrupt normal plant operations.

The data finally used as the basis for the design of the electric precipltators
and significant mechanical details of thelr comstruction listed below were suppliled
by P. F. Kohlhaas, of Columbia Steel Co.

I General Datsa

The Torrance Works (Columbia Steel Company) open-hearth shop cunsists
of four 58 ton, cold metal furnaces. In the final design electro-
static precipitators, of the dry type, were decided on as being best
} suited to meet Torrance conditions. Inesmuch as the above type of
precipitator requires that the temperature of the gases be reduced to
&8 normsl of about 550° F. with a maximum of sbout T00° F., waste heat
i T boilers are being installed ahead of the precipitators. The installa-
tion consists of & precipitator and a waste heat boiler at each furnace.

II Open-Hearth Operating Data

(s) Fuel Rate combination firing: Natural Gas 20,000 c.f.h.
Fuel 0il 72 g.p.h.
(b) Volume of waste gases (et standard conditions) 12,500 to
14,000 c.f.m.
(¢) Temperature of waste gases 1,300° to 1,5%° F.
M - TV pmr g oo

a
c

DUNCAS SRS 1+.3

et -

{ AN P Y e gty et wdatd A

S P oathg e~ - e o A e

(bas=d on & énd‘b)

? 1558 - 57 -




I

IIT particulate Matter Loading and Gaseous Constituents

v

All in grains per standard cubic foot.

(a)
(v)
(c)
()
(e)
(£)

(g)

(h)

Maximum 2.00
Averace during charging 0.87
Average during m=2ltdown 0.51
Average during working 0.34
Average over total heat time 0.69

The majority of samples taken immediately after the
first charge, durirg rapid melting showed at or ebove 1.25
Stack dust produced for one open hearth furmace in

pounds per hour: Maximum @ 2 grains 240 1bs.
Average € 0.7 " 75 1lbs.

Gaseous Constituents:

Sulphur Compounds: '0.013% by volume

Carbon Dioxide: .0 " "

Carbon IMonoxica: 0.0% " "

Oxygen: 3.0% " "

Waste Heat Boiler Data (for each furnace)

Horizontal, fire tube type with superheater

Designed for, pounds of gases per hour 62,500
Average temperature of gases 1,200° to 1,300°0 F,
Maximum tempersture of gases 1,550° F.
Operating pressure 200 p.s.1.g.
Final steam temperature 550° F.
Temperature of gases leaving boiler 500° to 600° F.
Boiller shell diameter 86"
Number of tubes 2" dia. x 17'11-1/2" long 560

Electrical Precipitator (for each furnace)

(a)

(v)

(c)

(a)

(e)

Dry plate type, horizontal gas flow, 2 sections in serles, 17 hori-
zontal ducts wide, collecting plates in each section 9'0" x 17'6"

high.

Gas flow 33,600 c.f.m. at 550°F.
(Increased from furnace and boiler volumes to allow for air dilu-
tion if necessary to meet temperature requirements)

Waste disposal: Hopper under each section with screw‘conveyor
to storage bin.

Induced draft fan, located on discharge side of precipitaetor, dis-
charging to existing furnace stack, and driven by steam turbine,

Emergency esnd standby arrangement: by menipulation of flue dampers
the gases can by-psss the boller and precipitator and flow to the

B R P
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Although not so stated sbove, it is believed that automatic rapping controls
were supplied, thet collecting electrodes were pneumatically and electrically vi-
brated, that discharge electrodes were pneumatically rapped, and that & motor-
driven rectifier of ebout 75 kv. maximum was supplied fecr each precipitator umit.
A preliminary estimate of capitel outlay including cost of installation of four
precipitators, together with suxiliary bollers, special valves, ducts, and flue
systems, was about $600,000.

INDUSTRIAL MINERAL DUSTS AND FUMES
Introduction

Aside from the major sources of air contamination, such as industrial gases,
metellurgical dusts and fumes, chemical and petroleum fumes, and smoke and pollution
resulting from incamplete combustion, there remain other sources, such as paints,
solvents, plating, and nonmetallic mineral industries, to mention but a few. One
of these sources pertinent to the Los Angeles smog problem is discussed in this sec-
tion. The former categories at present are less importazt, but installations are
increasing in number and size as the Los Angeles industri=l complex becozes nore
integrated and self-sufficient. Irdustrial mineral processing, hovever, eLrealy
includes broad fields of production aimost as eesential tc il area'c wlo.i” &S
the metallurgical industries. i

The business of processing industrial minerals has -2’z o one of large pro-
portions in the Los Angeles area. Over 500 establishmeris crccess cley, glass,
stone. gnd miscellaneous nonmetallic minerals The mich levroar acyinrnlturel ~41
and construction industries (including highweys) have cou.zu:s2d immense quantities
of these products, and the demands of those and many smeller industries are in-
creasing with the growth of population and industry. The prircipal segments, but
by no means a complete list, of industries that are known to te appreciable con-
tributors to air pollution in the area, fall into six related and somewhat over-
lapping groups of nonmetallic mineral processors: (1) Rock products, (2) asphalt-
paving mixing, (3) ceramics and clay catalysts, (4) glass and enamel, (5) rock wool,
and (6) asbestos,

Rock Products

The preparation of rock products for construction, aggregates, tallast, and re-
lated purposes has become an imgortant industry countrywide and in Los Angeles County.
Industrial Minerals and Rocks,§_/ the industry's most comprehensive reference work,
devotes sbout 100 pages to crushed stone, 'sand, and gravel,

Sand and Gravel

Rock-product plants include & wide range of sand, gravel, and rock-crushing and
sizing plants. These include simple equipment for washing end grading; simple and
semiportable concrete batching plants; the complete, comract, portable rock-crushing
and grading plants; and the elaborate and costly plants for producing accurately
sized granules for roofing, lightweight aggregates, end other special uses.

88/ American Institute of Mining and Metallurgical Engineers, Industrial Minerals
and Rocks: Seeley W. Mudd Series, 1949, 1,156 »pp.




Most of the rock-products plants are iu areas zoned for such operations and are
often removed from residential, business, and menufacturing districts. Many are
plainly in violation of the afr-pollution regulations, and some study has been given
to their problems by pollution control authorities. Many of the larger plants are
equipped with dust-suppressing apparatus, and others have since added such equipment
and are making sincere efforts to have their plants operate within the law.

Dust from rock-products plants, generally speaking, is not difficult to control,
Available equipment, if properly installed and operated, is unquestionably capable of
meeting Air-Pollution Control District regulations.

Dry centrifugal or cyclone-type equipment is favored for the first step of col-
lecting the coarser dust down to 325-mesh and dynamic wet scrubbers for the material
below that size. It may be necessary on some materials difficult to collect, parti-
cularly where large tonnages are ground dry to fine sizes or are subsequently dried,
to resort to air filters or electrical precipitators, since even rather complex
spray-towers have not been satisfactory generally.

i
i

Sand- and gravel-washing and sizing plants offer no problem because they are
mostly operated wet, or without drying to the point of dusting.

Concrete Batching

Concrete batching plants are compearatively simple arrengezents of steel hoppers,
elevators, and batching scales for proportioning rock, gravel, ol send ecgsresztes

with cement for delivery, usually to tramnsit zixer trucks. /Agrcogates usuelly wre
crushed and sized 1n separate plants and are dellvered by t:uzi: or belt conveyors %o

A s mbhase ok awn A Pae va Al dhner Aame he ea AT a3 A P - I S B S R
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prlant bunkers. Smaller plents are often portable or can ec:zily be knocked down and
removed to a new location; permanent plants are ususlly larger end more elaborate.

Bucket elevators in steel housings are in gereral use. Dusting occurs at elevator

boots and discharge spouts and at the hopper when bulk cement is received.

By careful use of sprays, felt, or other filter material over breathers in the
cement silos and cenvas curtains drawn around the cement dump trucks while dumping,
dust losses can be controlled. Aggregate stocks in bunkers are wet down with sprays
to prevent dusting, and the sand naturally contains 3.5 to 6.0 percent moisture,
usually suflicient to suppress dust. With careful operation, iusses in tLese plants
can be held well within acceptable limits. A typical concrete batchins plant handles
about 100 tons per hour during 6 to 8 hours a day. On such & tonnege, allowable loss
will be the maximum of 40 pounds per hour. Air-Pollution Control District inspectors
have estimated the losses from such a plant at about 4 to 5 pounds per hour.

Permits to comstruct and operate these plants must be approv=d by Air-Pollution
Control District engineers. This serves as an additional safeguard ageinst faulty
design and 1s insurance egainst dusting end careless operation. The district must
also be notified before such plants are moved to new locations.

Aggregates

Concrete aggregate crushing and sizing plants may be simple or elaborate and
complicated, but the tendency is toward the latter, especially in plants designed
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for large tonnage rates, multiple products, and close grading of sizes. A range of
sizes can be produced to meet almost sny specificatlons for crushed rock or gravel.

A typical lerge rock-products plant Iin the Los Angeles area may handle several
hundred tons an hour of pit-run rock, boulders, and gravel. Mining is usually by
power shovel, A system of belt conveyors often is used to deliver the rock to a
primary jaw crusher or breaker in the pit or quarry, thence, by more and often very
long conveyors up out of the pit to ground storage at the plant. From there, the
rock is delivered to very heavy scalping screens. Undersize usually goes to a wet-
screening and sizing plant, which produces pea gravel and sand with very little dust.
The scalping-screen oversize 1s crushed in stages in a series of gyratory crushers
and delivered to a second set of vibrating screens in closed circuit with the gyra-
tories. Two or more sizes of undersize may be delivered to a final screeninz plant
for the production of the final sizes of crushed stone. Most of the screeuns are
covered, and fine sprays of water are used to hold down the dust. The California
State Health and Safety Code requires that the dust count in the alr in crushing
plents be kept below the statutory breathing limit for the protection of the worxmen,
The necessary precautions, therefore, have been taken in many plants to meet these
requirements. lone of the major plants of this type had been tested for possidle
violstion of Air-Pollution Control District regulation when this report was written.

Granule Plants

fenziolie wlomin £om mwadnadine wasfing aranulea snd similar nrodunts reguiring
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very accurate sizirg of rock products have encountered considerable difficulty in
holding dust emissions within permissible limits. This is especlally true when
spray towers have been selected for collecting fine dust.

A specific plant of this type producing roofing granules treats 25 tons per hour
of rock-crusher fines in a continuous process. Raw material is received in a truck
hopper and fed by an elevator into a rotary drier, The dried material is closely
sized in a series of vibraeting screens, and the oversize of each set of screens 1s
crushed in rolls and returned to the screens. Elevators are housed, and screens
either are enclosed or hooded, The final products are the clean, sized, cnd some-
times colored grenules for delivery to the roofing-paper impregnating plant and rock
dust, which is discarded or sold for fillers.

The plant is served by two separate cystems for collecting dust. One treats
only the hot gases drawn off the feed-end of the drier, which 1s fired from the dis-
charge end. The dirty, hot gas is delivered to an impact-type separator, which ef-
fectively recovers the coarse particulate matter. The gas next enters a multitube
centrifugal collector, thence proceeds into the final cleaner, conslsting of a rec-
tangular tower receiving 50 g.p.m. spray water. This system was treating 6,900
s.c.f.m, at the time the plant was tested., For convenience of description this is
designated the west tower.

A second system collects dust from the elevators and vibrating screens and de-
livers it to a multiple-tube centrifugal collector and then to & spray tower. TIails

east tower consumes about 50 g.p.m. water and hsndles 7,100 s.c.f.m, Opacity obser-
wottove trewa AP 174414 wnlua heceuge o the vater vapor masking the mertianlots cosian

-

T =

U A o st o g = 1imn s renea————— e <



s o bunsiorintlitlie ..

i ki e i | i e e

o e o s e i e

Losses from both tovers aggregated 80.6 pounds of particulate matter per hour
versus the allowance of 34.3 pounds permitted for a process weight of 25 tomns per
hour. Test data are summarized as follows:

Iteml/
Volume of gas discharged
West tower, Lot £ases From drier ....eeee.ccsvescesessss 8.C.0M. 6,900
East tower, elevator and vibrator vents .....ciceevenes do. %2100
Total volume, both BLOWEIS ..ccvcieacssoseccsscnoscancsen do. 14,000

Temperature at point of sampling
WEEL LOWET o evevronnoanenessossassssssasesacssnsnnsocsssonss °p. 80
FASt BOWET e vevevsosesssassesonsassescsssnsncsasssssecses dO. T4

Concertration of Pearticulate Matter in discharge gases

WESE LOWET v vveceensaneenssnsosssscascsssssassansssonnes gr./s.c.f. 1.13
EGSt LOWET eeveevecacescasssansesnsosrsaassscssssnsssanse do. .23
TOLAL vevcecenonssoscossassnsssssssnssossocasssssasss do. 1.36
Total 811OWEDLE .veesecececsecsscsasscasssnsnnsase do. .40
Losses

Voot 4ouer, porticulete metter Lol RPN | U} DO T
East tower, particulate matter ........eeeescscescassens. do. k.0
Total, both LOWELS .ieeeercncsnsvscncrsosasaccasncasncns do. 80.6

Total allovable on 50,000 1b. process weight per hr. .... 1lb. 34.3
1/ Test by Smith-imery Co., Los Angeles.

Lightweight Aggregates

Another form of agzregate preparation that is becoming increasingly important
in Los Angeles County is that of expending in furnaces natural minerals, such as
perlite, having up to 2 percent effective witer of crystallization available for
intumescence. The genersl method consists of crushing and sizing the raw mineral,
then "popping" it at sbout 1,800° F. usually in s rotary kiln. The expanded mineral
is sized mechanically or by air separators or both and bagged for market. The fin-
tched preducts are used in lightweight conecrete and plaster aggregates, plaster fin-
ish, loose-fill insulation, glazed and unglazed brick, and other forms.

Technical aspects of the business have been the subject of recent articles.§2/
Hot furnace gases are passed through cyclone collectors to recover fine popped

§2/ Conley, J. E., and Rupert, J. A., Lightweight Aggregates: Trans. Am. Inst.
Min. and Met. BEng., vol. 187, Mining Engineering, April 1950, Ppp. 479-85,
Taylor, C. W., Popping Perlite, a Rew Industry: Chem, Eng., Janusry 1950,
pp. 90-9kL.
Wilfley, R. D., and Taylor, C. W., Perlite Mining ard Processing, a New Indus-
try for the West: Eng. and Min. Jour., vol. 151, No. 6, June 1950, p. 80.
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perlite and to reduce the dust load in the gases released to the air. Part of the
hot gases may be returned to the furnace as preheat, or used for drying ore. Care-
ful control of temperatures and operating conditions reduces the amount of very fire
dusts produced in the operation, but the low density of the material, 12-15 pourds
per cubic foot, probably adds to the difficulty of satisfactory dust separation.
Specific tests had not been made on plants of this type at the time of this writicg,
but from inspections it appears that dust losses are high and recovery equipment
suitable for micron sizes will be required.

ASPHALT PAVING-MIX PLANTS

It has been said that the Southern California area has more asphalt-mixing
plants than any comparable area in the United States, and it is certain that an im-
mense tonnage of paving mix is required annually. Plants range from 75- to 360-ton-
per-hour capacity and mey average about 100 toms. These plants are usually equipped
with cyclone collectors for the coarse dust, and this is often followed by wet col-
lectors, which may be horizontel or vertical spray-towers, multitube centrifugsl, cr
other types of cerarators. If properly installea and carefully operated this egulp-
ment is capable of meeting Air-Pollution Control District regquirements. Hovever,
tsble 10 shows thet about half of the plants tested violated these regquirements,
even with some form of collecting equipment. Such was the case with the plant in
figure 29. Its normal process rate of far over 60,000 pounds per hour entitles it
to the maximum of 40 pounds allowed to any size plant under Air-Pollution Control
District Rule S&. For a pient produciug 100 tews per hour, thic omounmts +o only
0.02 percent alilowable loss or 2 pounds from every 5 tons of material processed.
Some authoritics believe that, for so couplete a removal, high-efficiency spray
towers or dynamic wet scrubbers may be reguired following the dry cyclone collectors
and that they may have to be supplemented by air filters.

A conventional asphalt paving-mix plant consists of some suitable equipment to
feed properly proportioned aggregate material, such as crushed rock and sand, onto e
conveyor belt delivering usually to a bucket elevator. This in turn feeds a rotary
kiln, most often oil-fired. Hot rock discharged from the kiln is elevated to the
top of & batching machine, which accurately proportions the hot aggregate and steam-
heated asphalt into a pugmill mixer. The asphalt-aggregate mixture is caught in a
hopper beneath the pugmill and discharged into trucks. A 6,000-pound batch macnine
will produce 180 tomns of asphalt mixture per hour operating on & 60-second cycle or
360 tons on & 30-second cycle.

Most of the dust to be collected will be from the ends of the drier and the
hot-stone elevator. Dust is usually drawn into a conventional-type cyclone collec-
tor, which may recover 80-90 percent of dust coarser than about 40 microns. This
dry dust may be fed back to the boot of the elevator feeding the betcher, or part
of it may go to a silo to be discarded. Specifications ususlly make the return of
at least a portion of the dust necessary. Fine dust anlasphalt fumes or mist are
collected from hoodings in the batch plant and from storage bins, screen housirss,
and several other points in the plant and materials-handling equipment. The dust
and fumes may be combined with the hot geses at the dry collector or may be drawn
directly to violent wet scrubbers, spray washers, or towers. The sludge from tkhe
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Asphalt plants in the area are never enclogsl, Iephunf2sllw, thery revsrally
follow the pattern illustrated in figure 30, which shows & well-desligr . plius uzler
construction. They are usually in rock-producing areas, but business and even resi-
dential areas have encroached on these making dust-suppression even more necessary.

CERAMICS AND CLAYS

Some 450 establishmentsQQ/ in the Los Angeles area make ceramic and clay prod-
ucts, such as brick, tile, sewer pipe, pottery, and vitreous wares. Growth of
petroleum-refining, chemical, dye, and cleaning industries has created demsnd for
activated-clay products, catalysts, filter aids, and related materials. The prepa-
ration of essentially inert clay products for fillers also has become increasizgly
important. Only a few of the plants processing such materials have been checked
for obJjectionable stack emissions. Almost all California ceramic and clay plants
have some type of dust-suppressing equipment and some have quite elaborate recovery
systems, but few plants have entirely satisfactory dust and fume controls.

Settling chambers, cyclones, and impact separstors are in general use for the
coarse particulate matter. For the collection of finer dusts, spray towers, dynamic
centrifugal separators, wet scrubbers, sometimes supplemented by electrical rrecipi-
tators and air filters, are used. The latter two are perhaps the most effective for
dry dust, generally spesking, although some of the other types have been founl sstis:
factory in some instances, Operations most often involve wet and dry fine grirding,
processing st elevated temperatures in kilns or driers, and somstimes acid or other
chemical treatment. Process weights are characteristicelly large and dust loadirngs
heavy - up to 5 or 6 grains per cubic foot in untreated gases. Plants 2, 2, ard 10

in tablz 11 arc irndicative of the duet losees in eoma fymes of rlav-pradunts onera-

tions. However, it is not feasible to generalize becsuse of tke great veriety cf
rav materials and products and because only a few Los Angeles County plants have
been investigated.

Examples of modern clay-processing operations are those for the manufacturing
diatomaceous filter aids and for activating bentonitic clays. In the process of
activating clays, the raw bentonite 1s crushed and ground in machinery especlally
developed for processing wet, sticky materials. The ground clay is pugged with
water, pelletized, and partly dried. The pelletized clay is drawn continucusly
from storage into a tower where it is treasted with sulfuric acid, Th< activeted
pellets are dried and calcined in large rotary kilms, cooled in rotary coclers, end
sent to storage for packaging or for regrinding in Raymond mills., The latter are
operated dry in & closed circuit with air-classifier cyclones. The air leaving
the cyclones is satisfactorily cleared through bag-type filters.

Hot gases collected from the rotary driers and hoods at the feed ard discharge-
ends of the kilns and coolers are treated in multiple-tube centrifugal separators to
collect the coarser dust, and then are put through a multiple washing tower receiviz

0

ebout 200 p.g.m. spray water, which 1is recirculated. Part of the sludge 1s tled of
to settlers for clarification. Dirty gas entering the dust-recovery system may cerr
4 to 6 grains per cubic foot or 720 to 1,000 pounds per hour, and the exit gas may
carry about 62 pounds per hour. The legal limit for one source is 40 pounds per
hour, so despite the high collectlon efficiency of over 90 percent, the pla-t de-
scribed was in violation of County regulations.

2_/> United States Department of Commerce, Census of Manufactures, 1947: Bull.
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Aftcr much testiry of the efgurt end character of the scrubber effluent ty tiz
operating concern azd by Air-Pollution Control District, the latter approved the
construction of the following additional gas-cleaning equipment. A weti-type elec-
trical precipitator will be superimpoued ou the scrubber. Spray end flushing water
from the precipitater will drsin into tke scrubber for further use, and clean treater-
gas will be discharged through a short stack. To insure clean exit gas, the electri-
cal precipitator design will be based on 25,000 c.f.m. and 0.5 grain per cubic foot
at 160° F. with s maximm velocity of 8.5 feet per second. Thae precipitator will
contain 90, 10-inch-diameter pipss. It is expected to rcduce the exit gas loedirg
to about 0.075 grain per cubic foot and the hourly emission of particulate matter
to well within the permissible limit.

GLASS AND FRITS

About 70 concerns are engaged in the manufacture of glass and glass products
from purchased glass. The manufacture of glass for processed end blown ware irvolves
the high-temperature furnacing of specially prepared glass sands with licestone,
fluorspar, feldsper, ard other nonmetallic minerals, plus such chemicals as saltcake,
niter, and arsenic.

It msy be noted that neither of the two glass works tested (plants § exd 7, in
teble 11) had dust-recovery equirzent for their furnace e 1383, Hachlizu-ohorgzs
recuperative, reverberatory furzaces are used in the plaxn n
irgs of the exit gsses were leow, .10 to 0.15 grzinm per s.¢ L
umes, 23,000 to 30,000 s.c.f.m., carried particulete matter wroseding tls alicwable
mass rate of emission for the weight of masteriel processedl.

and M:in" or oliro

Processes for preparing "frit" for ensweling irocm eni ci: -
for porcelain and pottery work are similar tc those for sl:zc sre 12ually on ¢
much smeller scale in the Los Angeles area, low-material co nts cr2 rmuch th:z
seme as those used in other glasses, but in quite differen:
ing formulas often are ccomplex and sometimes carefully guazd

In & typical plant, the row ingredients are proportioned in batching weighers
and ground dry in pebble mills in closed circuit with conventional cyclone separa-
tors., A slight negative pressure is maintained on the circult to reduce dusting &%
sealing rings and vents, Excess air from the grinding circuit 1s extausted throuzgh
a miltitube centrifugal collector. The mixed charge is melted in ermzll, gas-fired
reverberatories at about 2,300°F., and the fluid is poured int~ wetzr for granulst-
ing. Grenules are devatered, dried, and bezged for market, Enamel frit conteinirg
litharge is melted in s hooded oil-fired tiltirng furnace, FExit gazcor froz both
types of furnaces are discharged to the air without cleaning throuzt cust end fuze
equipment and are often in violation, as indicated by tests at plant 11, table 11,

ROCK WOOL

The manufacture of mineral wool for heat- and sound-insulation material is a
well-established industry in the Los Angeles area. The wool consists of thin fibers
of silicate glass drawn from 10 to 1 micron in diameter, Either long or short fiber
is made, depending on the raw materials and the purpose for which the fiber is used,
A wide range of materials may be used in manufacture, but chemically the essentiel
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components of most wools are silica, lime, alumina, magnesia, and much smaller
amounts of iron oxide, Silica constitutes about 35 to 40 percent of the raw ma-
terials, and blast-furnace slag with the addition of lime is mainly used as the
rav material.

The general procedure in manufacture consists of melting the mineral raw ma-
terials in cupola furnaces using coke as fuel, or in reverberatory furnaces, wvhich
are usually oil- or gas-fired. Molten slag 1s continuously tapped from the furnace
at about 2,800 F. in small streams, which ere blown with steam jets at about 125
g p.s.i. or are ¢rawn mechanically into continuous fibers.

Blown fivber is collected on a moving belt in the form of & thick blauket.
Binders such as asphalt and linseed oil are sometimes added, end the wool passes
through a drier, is cooled, and delivered to the fabricating department. Shot is
sometimes inadvertently formed during blowing and is removed by a special machine.
The finished product may be in the fcrm of loose wool, pellets, batts, boards, felt,
and many other forms. S : : .

Dust and fume losses occur at several steges in the process, In plants using
cupola furnaces, the major air pollution is from the cupola stack. In plant 3,
Table 11, for instance, the cupola stack gases amounted to 4,550 s.c.f.m., carried
1.28 grains per cubic foot, and contained to 49.7 pounds per hour. Exit gases from
the stack on the drier heater amounted to U,740 s.c.f.m. at 0.22 grain per cubic
foot and contained 8.95 pounds per hour. Losses at other vents were much lower.
The cupola-stack gas was found to contain 32.6 milligrams of sulfur dioxide per
s.c.f. Aldehydes in other vents emounted tc 1.3 milligrems per s.c.f.

Table 11 contains test data pertaining to dust losses at threc mineral-wool
plants. None had dust-recovery equipment at the time they were tested and all were
heavy violators of Air-Pollution Control District regulations. Losses for plant 5
were the total of the losses shown in column 11 for that plant. -

ASBESTOS

Plant 4, table 11, manufactures pipe and sheet from a composition of asbestos
fiber, sand, binder, and other nonmetallic materials. Pipe and other shapes are
machined and fabricated, but no high temperature furnacing is required. An investi-
gation of exhaust from a cyclone collector in the plant indicated that some further
reduction of the dust load would be required. The plent was equipped with a com-
plete dust-collection system employing cyclones and air filters, a combination that
ususlly proved effective for nonmetallic dusts. Lathe, grinder, and other machine
cuttings are drawn from the collecting hoods into flat-bag-type air filters, which
are provided with metal-cloth screen frames covered with cotton-filter fabrics.
From 10,000 to 14,000 c.f.m, of dirty air is satisfactorily cleared through 4,230
square feet of active filter area.

Dry grinding of siliceous minerels is accomplished in ball mills in closed cir-
cult with air classifiers (cyclone collectors). Air vented from this system, with

——---———@dirty-air from other points in the raw-materials handling system, is cleared through

a 2,000-cubic foot unit of bag-type filters providing an area of 990 square feet.
Operating results of the filter have proved entirely satisfactory.

1558 -6~




APPERDIX A. - RULES ARD REGULATIONS OF ATR-POLLUTIOR CONTROL DISTRICT
As asmended June 20, 1950
REGULATION I. GENERAL PROVISIORS

RULE 1. TITLE. These rules and regulations shall be known as the rules
of the Air Pollution Control District.

RULE 2, DEFINITIONS. &a. Except as otherwise specifically provided in
these rules and except where the context otherwise indicestes, words used in these
rules are used in exactly the came sense as the same words are used in Chapter 2,
Division 20 of the Health and Safety Code.

b. Person. "Person" means any person, firm, association, organization,
partnership, business trust, corporation, compeny, city, county, municipality,
district, or other politicel sutdivision.

¢. Board. "Board" measns the Alr Pollution Control Board of the Air
Pollution Corntrol District of Los Angeles County.

d, Directer, "IDirect
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Angeles County.

ion” =zm2ans section of the Health end Safety Code of
s some other statute 1s specificelly mentioned.
P y

f. Pule. "Ruie" meszns e rule of the Air Pollution Control District of
Los Angeles County.

g. Vent. "Vent" meexzs any steck, chimney. flue, duct, conduit, eznzusz:,
structure or opening of any kind whatscever carable of or used for the ermission of
air contaminants.

h, Regulstion. "Regulation" means one of the major subdivisions of *hre
Rules of the Air Pollution Cozmtrol District of Los Angeles County.

i. Particulate Matter., "Particulate matter" is material which is sus-

rended in or discharged into ihe aizmospliere in finely divided form as a liquid or
solid at atmospheric tempersture ard pressure.

J. Process Weizht Per Hour, "Process Weight" is the total weight o ell
materials introduced into ery specific process which process may cause eny diccharze
into the atmosphere. Solid fuels cherged will be considered as part of the process
welght, but liquid and gaseous fuels and combustion air will not. "The Process
weight per hour” will be derived by dividing the total prccess weight by the nucber
of hours in one complete operation from the beginning of any given process to the
completion thereof, excluding any time during whick the equipment is idle.

k. Dusts. "Dusts" sre minute solid particles released into the air br
natural forces or by mechanical processes such as crushing, grinding, milling,
drilling, demolishing, shoveling, conveying, covering, bagging, sweeping, etc.

!
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1 1. Condensed fumes. "condensed fumes” are minute solid particles gener-
‘ : ated by the condensation of vapors from solld matter after volatilization from the
|
1

molten state, or may be generated by sublimation, distillation, ca.cination, or
chemical reaction, when these processes create airborne particles.

m. Solid Products of Combustionm. "5o1id Products of Combustion™ are
finely divided solid materials discharged into the atmosphere from the burning
of carbonaceous materials.

. RULE 3. STANDARDS. A1l analyses and tests shall be calculated or re-
ported at the standard gas temperature of 60 degrees Fahrenheit and the standard
pressure of 14.7 pounds per square inch.

REGULATION II. FPERMITS

RULE 10. PERMITS REQUIRED.

a. Authority to Construct. Any persomn, building, erecting, altering or
replacing on OT after February 1, 1548, any article, machire, equirment or other
contrivance, the use of which may cause the issuance of air ccntaninuonts or the use
of which may eliminate or reduce or control the issuance of air contaminants, except
an article, machine, equipment or other contrivance described in Section 24265 of
the Health and Safety Code, shall first obtain authorization for such construction
i from the Air Pollution Control Officer. ’

b. Permit to Operate. Before any article, machine, equipment or other
contrivance described in Rule 10 (a) may be operated or used, a pernit shall be
obtained from the Air Pollution Control Officer.

RULE 11  EXCEPTIORS. a. Yo permit shall be required from eny city,
county, municipality, district or other political subdivision.

b. No permit shsll be required for building, erection, alteraticn or
replacement costing less than $300.00 except combustion equipment as noted in
Rule 1llc.

¢c. No permit is required on combustion equipment having & combustion
volume of less than 15 cubic feet measured sbove the grates and not including
stacks or flues. All other combustion equipment will require an authority to
construct and a permit to operate.

RULE 12. TRANSFER OF PERMITS. Permits shall not be transferable.

RULE 13. BLANKET PERMITS. Every person who, at any time between
December 1, 1947, and the effective date of Rule 10, operated or used any article,
machine, equipment, or other contrivance for the operation and use of which these
rules require a permit, and so operated or used such article, machine, equipzent
or other contrivance in compliance with all laws, statutes, and ordinances appli-
cable thereto, is hereby, by these rules granted & permit to continue or resuie
such operation or use.

L
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RULE 14. APPLICATIONS FOR PERMITS., Applications for permits required
under Rule 10 shall be f£iled with the Air Pollution Control Officer, accompanied
by plans and specificatlons, in duplicate.

RULE 15. FORMS. Application forms furnished by the Air Pollution Con-
trol Officer shall be accurately and fully completed, and signed by the applicant.

RULE 16. PLANS. Plans shall be filed in duplicate and shall clearly show:

a. An outline of that portion of the building or buildings in which air
pollution control equipment is to be installed.

b. The name and location with respect to thé building floor plan of each
article, machine, equipment or contrivance to be connected to the air pollution
control equipment.

c. Plan and elevastion views of air pollution control equipment, drawn to
scale with all vents clearly shown and with scale indicated.

d. The size of all vents,
e. Type, design, size, rating and horsepower of each fan employed.

£. The locetion of the point of discharge of the air pollution control
equipment with respect to the proximity of windows, doors, and other openings of
the premises and adjacent premises.

g. Construction details of the air pollution control equipment employed,
except that when standard ccmmercial equipment is used the manufacturer's catalog
number will be caonsidered sufficient.

h. Location of clean-outs, cross-section and elevation-section of the
furnace, oven, kiln, or still using gas, liquid or a solid-fuel fired apparatus.

RULE 17. SPECIFICATIONS. Specifications shall be in sufficient detail
so that when read in conjunction with the plans they shall clearly reveal the pro-
posed means for the control of emisslon of air contaminants and shall show the ex-
tent of such control anticipated in the design or use of sald control equipment,
except that when standard commercial equipment is used, the manufacturer's catalog
number or other designation shall be acceptable. Specifications may appear on the
same sheet as the plans.

RULE 18, ACTION ON APPLICATIONS. The Air Pollution Control Officer shall
act on all applications within a reasonable time, and shall notify the applicant in
writing of his approvsl, conditional approval or denial of the application.

RULE 19. APPROVAL OF APPLICATIONS. Written notice of approval of an ap-
plication for & permit shall be equivalent to the granting of such a permit.

RULE 20. STARDARDS FOR GRANTING PERMITS. No application shall be approved
or permit granted unless 1t is shown that every article, machine, egquimment or other
contrivance the use of vhich may cause the issuance of air contaminants, is so de-
signed or controlled, or equipped with such air pollution control equipment, that with
proper supervision and use it may be expected to operate without emitting air con-
taminants in violation of Sections 24242 or 24243, Health and Safety Code or of the
Rules of the Air Pollution Control District,

- 7e -
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RULE 21. CONDITIONAL APPROVAL. The Air Pollution Control Officer may &ap-
prove an application subject to conditions which will bring it within the standards
of Rule 20, in which case the conditions shall be specified in writing. Comxencing
work under such & permit shall be deemed acceptance of all the conditiomns so

specified.

RULE 22. DENIAL OF APPLICATIONS. In the event of denial of the applica-
tion the Alr Pollution Control officer shall notify the applicant in writing of tne
reasons therefor All denials shall be without prejudice to the applicant's filing
a further application when he has complied with the objections specified by the Alr
Pollution Control officer as his reasons for denial of the permit.

RULE 23. FURTEER INFORMATION. Before acting on au application the Air
Pollution Control Officer may require the applicant to furnish further information,

or further plans or specifications.

RULE 24. APPLICATIONS DEEMED DENIED. The applicant may at his option
deem the application denied if the Ailr Pollution Control officer fails to act on
the application within 30 days efter filing, or within 30 days after applicant
furnishes the further information, plans and specificatians requested by the Alr
Pollution Control Officer, whichever is later.

RULE 25. AFPEALS. within 10 days after gservice of notice of denial of
the application, oT of conditional approvel, or within 10 dsys after applicant's
election to treat the application 8s denied for failure to act, in eccordance with
Rule 24, applicant may file with the Hearing Board a written demend for a public

hearing.

RULE 26. FUBLIC HEARING. Within 30 days after the applicant has requested
a public hearing, the Hearing Board shall hold such a hearing and give notice of the
time and place of such hearing to the applicant, to the Air Pollution Control Officer
and to such other persons as the Hearing Boerd deems sbould be notified, not less
than 10 days before the date of the public hearing.

RULE 27. ACTION OF EEARING BOARD. After 8 public hearing, the board may:

(a) Deny the epplication for a permit.

(v) Approve the application for a permit.

(c) Approve the application for a permit subject to conditions
which it shall specify.

REGULATION III. FEES

RULE 4O. PERMIT FEES. Every applicant for authorization to construct or
for a permit to operate shall pay a fee at the rate of $4+.00 per hour for each hour
or fraction thereof for the time required for consultations, the checking of plans
and specifications and making necessary inspections, but excluding the time regquired
in going to end from the premises being inspected.

It is hereby determined that the cost of issulng or denying authorizetion
for construction or permits to operate and msking the necessary inspections pertain-
ing to such issuances or denials exceeds $4.00 per hour or fraction thereof.

ben - 73 -
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On approval or denial of the application, the actual time taken for check-
ing plens and specifications and for msking the necessary inspections shall be de-
termined and the applicent so nctified, If the payment of this fee is not made to
the Air Pollution Control Officer within 10 days of the notice of the amount due,
the application shall be deemed to have been withdrawn.

RULE 41. EXCEPTIONS. ea. No fee shall be charged if the *ime required
for consultations, the checking of plens and specifications and making necessary
inspections is less than one-half hour.

b. No fee shall be charged for any blanket permit granted pursuant to
Rule 13.

RULE 42. VARIANCE FEES. a. Every applicant or petitioner for a variance
or for the revocation or modification of a variance, end every person requesting a
hearing to determine whether and under what conditions a variance will be permitied,
shall pay a fee in accordance with the following schedule:

On the filing of the petition or request the petitioner shall pay to the
. clerk of the Hearing RBoard & fee in the sum of $50.00. It is hereby determined
that the cost of administration of Article 5, Chapter 2, Divicion 20, Health and
Safety Code, exceeds $30.00 per petition.

b. At the same time and in addition to such fee, every petitiomer shail
deposit or secure the cost of publication of notice of hearing; any uaused portion
of this deposit, or the whole thereof in case the Hearing Board dispenses with pub-
licavion ol nuiice, oLwll e refunded Lo iie pevitioner., Iu aadition to such iee
and deposit, any person requesting & transcript of the hearing shall pay the cost
of such transcript.

c. This Rule shall rot apply to petitions filed by the Air Pcllution
Control Officer.

d. No filing fee shall be charged for petitions or requests for a hearing
to determine whether a permit shall be revoked or a suspended permit reinstated, or
to review the denial or conditional granting of a permit.

RULE 43, ANALYSIS FEES. Whenever the Air Pollution Control Officer finds
that an analysis of the emission from any source is necessary to determine the ex-
tent and amount of pollutants being discharged into the atmosphere which cannot be
determined by visual observation, he may order the collection of samples anda the
snalysis made by quslified persomnel of the Alr Pollution Control District. The
time required for collecting semples, making the analysis and preparing the neces-
sary reports, but excluding time reguired in going to and from such premises shall
be charged against the owner or operator or said premises in & reasonable sum to
be determined by the Air Pollution Control Officer, which said sum is not to exceed
the actual cost of such work. If the sum required by this rule is not paid within
ten (10) days efter notice, the provisions of Section 24269 and 2%270 of the Stcte
Health and Safety Code shall irmediately become effective.
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RULE b4. TECHNICAL REPORTS - CHARGES FOR: Information, circulars, re-
ports of technical work, and other reporte prepared by the Air Pollution Control
District when supplied to other governmental agencies or {ndividuals or groups re-
questing copies of the same may be charged for by the District in a sum not to ex-
ceed the cost of preparation and distribution of such documents. All such monies
collected shall be turned into the general funds of the said District.

REGULATIONS TV. PROHIBITIONS

RULE 50. RINGELMANN CHART. A person shall not discharge into the atmos-
phere from any single source of emission whatsoever any air contaminant for & period
or periods aggregating more than three minutes in any one hour which is:

a. As dark or darker in shade as that designated as No. 2 on the
Ringelmann Chart, as published by the United States Bureau of Mines, or

b. Of such opacity &s to obscure an observer's view to a degree equsl
to or greater than does smoke described in gubsection (=)} of thils Rule.
~s Prom any scurce wnal

PULE 51. NUISANCE. A person skall not disc :
ever such quantities of air contaminants or other mater .l W.i-Ih AL T
ment, nuisance or annoyance to any considerable number ¢f peTEiLS OF tc the public or
which endanger the comfort, repose, health or safety of arl” &u scrs or the pub-
lic or which cause or have a natural tendency to cause In/uij ri3ge to Tusiness
or property.
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RULE 52. PARTICULATE MATTER. Except as otherwize provided in Rules 3
and 54, a person shall not discharge into the atmosphere from &ny source particulate
matter in excess of 0.4k grain per cubic foot.

RULE 53. SPECIFIC CONTAMIRARTS. A person shall not discharge imto the
atmosphere any one Or more of the following contaminants, in any sitste, or combi-
netion thereof exceeding in concentration at the point of discharge:

Sulphur Compounds (calculated as 802) 0.2 percent by volume.

Solid Products of Combustion 0.4 grain per cubic foot of gas
calculated to 12% of carbon dioxide. (coo).

RULE 54. DUST AND FUMES. A person shall not discharge Iin any one hour
from any source whatsocever dust or fumes in total gquantities in ezcess of the
amount shown in the following table: (See pext page)

To use the following table, take the process weight per hour as such Is
defined in Rule 2 (3). Then find this figure on the table, opposite which 1s the
maximum number of pounds of contaminants which may be discharged into the atmos-
phere in any one hour. As an example, if A has a process which emits contaminants
into the atmosphere and which process takes 3 hours to complete, he will divide
the weight of all materials in the specific process, in this example, 1,500 1bs.
by 3, giving a process weight per hour of 500 1bs. The table shows thet A m&y not
discharge more than 1.77 lbs. in eny one hour during the process. Where the proc-
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RULE 55. EXCEPTIONS. Rules 50 to 54%; inclusive, do not apply to:

a. Fire set by any public of’icer in ‘the course of his official duty,
for the purpose of weed abatement, the prevention of a fire hazard, or the in-
struction of public employees in the methods of fire fighting,

b.

Agricultural operations in the growing of crops or raising of fowls,
or animals, or,

¢. The use of an orchard or citrus grove heater which does not produce
unconsumed solid carbonaceous matter at a rate in excess of one (1) gram per min-

ute, or

d.

The use of other equipment in agricultural operations in the growing
of crops, or raising of fowls, or animals.

NOTE: Regulation V, Procedures Before the Hearing Board, and VI, Orchard and Citrus
Grove Heaters (omitted here) may be obtained by addressing Major Harry E.
Kunkel, Air Pollution Control District, 5201 Santa Fe Avenue, Los Angeles,

California.
TABLE
*Process Maximum Weight ¥Process | Maximum Weight aife. weignot
Wt /hr(1bs) | Disch/hr(ibs) Wt /hr(1bs) | Disch/hr(1bs) Disch/n={1bs)
50 .2h 1,900 4,03 6.9
100 L6 2,000 b1k 6.52
150 .66 2,100 L.2h 6.60
200 852 2,200 4. 34 6.67
250 1.03 2,300 4 Lk 7.03
300 1.20 2,400 L.55 7.37
350 1.35 2,500 k.64 T.71
400 1.50 2,600 k.74 8.05
450 1.63 2,700 .84 8.39
500 1.77 2,800 4,92 8.71
550 1.89 2,900 5.02 9.03
600 2.01 3,000 5.10 9.36
650 2.12 3,100 5.18 9.67
700 2.24 3,200 5.27 10,000 10.0
750 2.3k 3,300 5.36 11,000 10.63
800 2.43 3,400 5.k 12,000 11.28
850 2.53 3,500 5.52 13,000 11.89
900 2.62 3,600 5.61 14,000 12.50
950 2.72 3,700 5.69 15,000 13.13
1,000 2.80 3,800 5.77 16,000 13.7h
1,100 2.97 3,900 5.85 17,000 14,36
1,200 3.12 4,000 5.93 18,000 14.97
1,300 3.26 4,100 6.01 19,000 15.58
1,400 3.4%0 4,200 6.08 20,000 16.19
1,500 3.54 4,300 6.15 30,000 22,22
1,600 3.66 4,400 6.22 40,000 28.3
1,700 3.79 4,500 6.30 50,000 34.3
1,800 3.91 4,600 6.37 60,000 40.0
or
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APPENDIX B, - LIST OF ABBREVIATIONS, SYMBOLS, AND CONVERSION FACTO3S

Abbreviations and symbols:

OA.

amp.
av.

Am, Inst. Min, and Met. Eng.

B.t.u.

Bull.

Chem. Eng. Hews
col.

c.f.m.

°c.

cm,

cu. Tt.

fig.
ft.
f.p.m.
f.p.s.
gal.
g.

g.p.0.

77

angstrom
alternating current
ampere

aversage

American Imnstitute of Mining end
Metallurgical Englneers

British thermal unit (s)
Bulletin

Chemical and Engineering News
column

cubic feet per minute
degrees centigrade
centimeter (s)

cubic foot (feet)

cycle (s)

" direct current

edition

degrees Fehrenheit
figure

foot (feet)

feet per minute
feet per second
gallon (s)

gran (s)

U. S. gallon (s) per minute

-

¢ s e e



A i, Mt mn 4n

g.p.h.

gr.

hr,

hp.

Bureau of Mines Inf. Circ.
in, |

Ind. Eng. Chem.

Jour. Ind. Hyg. Toxicol.

kv,
kv,-a.
kw,
kw.-hr,

1b.

ng.
min,
R.D.
pP.s.i.
P.p.m.
p.s.l.g.
P.

pp.
r.p.m.

ref.

R e = e o v - - N Sk e

U. S. gallon (s) per hour

grain (s)

hour (s)

horsepower

Information Circular, Bureau of Mines
inch (es)

Industrial and Engineering Chemistry

Journsel of Industrial Hygiene and
Toxicology

kilovolt (s)

kilovolt-ampere (s)

kilowatt (s)

kilowatt-hour (=)

pound (s)

meter (&)

millimeter (s)

thousand

milligram (s)

minute (s)

No data available (used in tables)
pounds per square inch
parts per million

pounds per square inch, gage
page

rages

revolutions per minute

reference

e o i e ot o n e e p—— s



[P,

PR

s.c.f.m.

s.c.m,

sec,

sq. ft.

Stanford Res. Inst.

Trans, Am, Inst. Min. and Met,

Conversion factors:

1l gr.

1 g.

1l gr. per cu. ft.
1l ng. per m.3

1b. per hour.

1 micron

1l micron
1° A. (Angstrom)
l».p.m.

1 percent

R o -y BTN
PR . P :

standard cubic fest per x*——e (Standard
ges conditions iz tZis TezcTT are

60° F. and 29.9 iz. I:
standard cubic meter (=
second
square foot (feet)

Stanford Research Irstizis

Transactions of Americs- Z-s<itute of
Mining and Metallurgizsil Z=zireers

0.0647989 g.
15.4324 gr.
2288 mg. per m.3

0.0004369985 gr. per cu. £t.

gr. per cu., ft. x c¢.f.m. x 0.0085542

1/25%00 in. = 0.00003937 in.
this 1s Greek letter zu

0.001 mm. = 10,000° A.
0.0001 micron
0.0001 percent

10,000 p.p.m.
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