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SECTION I 

INTRODUCTION AND SCOPE 

The National Air  Pollution Control Administration (NAPCA) in  fulfilling pa r t  of 
i ts  responsibil i t ies under the Air  Quality Act of 1967 is  sponsoring systems-analysis  
studies of selected industr ies ,  
control technology, ( 2 )  the economic burden of controlling air-pollutant emissions,  and 
( 3 )  the r e sea rch  and development needs requir ing solution to provide fo r  both bet ter  and 
m o r e  economical means  fo r  controlling a i r  pollution. It is recognized that if solutions 
to air-pollution control problems a r e  to be responsive to the needs and objectives of 
both industry and government, they require  joint participation and involvement. 
fore ,  industry has  been requested to par t ic ipate  in  these studies by providing technical 
and cost  information which will keep these studies responsive to indus t ry ' s  needs.  

These studies will descr ibe ( 1 )  the present  s ta tus  of 

There-  

The Division of Economic Effects Resea rch  and the Division of P r o c e s s  Control 
Engineering of the National Air Pollution Control Administration jointly have funded 
this study of the integrated i ron and s teel  industry,  The Division of Economic Effec ts  
Research  is responsible for  determining the economic impact of a i r -qual i ty  s tandards 
on the Nation's industr ies ,  communities,  and o ther  contributing sources  of pollution. 
The Division of P r o c e s s  Control Engineering is responsible for  federal ly  sponsored 
research  and development of air-pollution control  devices and p rocesses  fo r  s ta t ionary 
emission sources .  

The integrated i ron  and s teel  industry i s  among those chosen by NAPCA for study 
because the p rocesses  used to manufacture coke, pig i ron,  and s tee l  make a contribu- 
tion to a i r  pollution. 
widely depending upon the par t icular  p rocesses  involved and the geographical location 
of the s teel  works .  In addition to the technical problems associated with controlling 
these emissions,  the industry trend toward use of newer and higher production manu- 
facturing p rocesses  puts an increased decision-making burden upon s teel- industry 
management when deciding to what extent emiss ions  f r o m  existing equipment shal l  be 
controlled. 

The pollution potential and the degree of control practiced va ry  

This repor t  i s  concerned mainly with the technological aspects  of ironmaking and 
steelmaking and an  analysis  o f  air-pollution technology a s  i t  applies to the integrated 
i ron and s t ee l  industry.  
air-pollution control.  
logical problems,  some cost  information is included in this present  report .  
complete information on cos ts ,  reference should be made  to the companion repor t .  

A companion repor t  is concerned p r imar i ly  with cos ts  of - 
However, for  orientation and ful ler  understanding of the techno- 

F o r  m o r e  

PURPOSES O F  THIS STUDY 

This i ron  and s teel  study has  the purposes  of (1)  analyzing emission-control  tech- 
nology a s  i t  applies to the various manufacturing processes  in the integrated i ron and 
s teel  industry,  ( 2 )  analyzing emission-control  a l ternat ives ,  ( 3 )  identifying the pract ical  
problems associated with controlling emiss ions  f rom the i ron  and s teel  industry,  and 
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( 4 )  defining the problem a r e a s  and needs,  thereby providing one basis for establishing 
pr ior i t ies  fo r  federal ly  sponsored r e sea rch  and development projects  to be undertaken 
independently o r  on  a joint-sponsorship bas i s  with industry.  In fur therance of a pur-  
pose of the Air  Quality Act of 1967, the r e s e a r c h  programs a r e  to be directed toward 
new, improved, and lower cost  control techniques having industry-wide application, 

SCOPE O F  THIS STUDY 

To accomplish the overal l  goals of this  study, the following tasks  were under- 
taken: 

(11 A general  description of the var ious p rocesses  used in each 
manufacturing segment,  including p rocess  block-flow d iagrams 
and schematic  drawings for each  p r o c e s s  segment a n d  for 
principal variations within each p r o c e s s  segment 

Identification of the particulate and gaseous emissions f rom each 
manufacturing p rocess  at  the point of emission 

A m a t e r i a l  balance to identify par t iculate  and gaseous emissions,  
especial ly  sulfur oxides,  and  to t r ace  the flow of sulfur through 
representat ive models  of the p rocess  segments 

A comprehensive and quantitative review of fuel and energy 
utilization to identify the total industry consumption, to identify 
the types of fuels used, the quantities of each, identification of 
the determinants  of fuels choice,  and interpretat ion of the influ- 
ence on pollutant emissions f rom the standpoints of fuel chemis t ry  
and fuel usage 

A projection of industry growth a n d  p rocess  technology changes 
for  the per iods 1970-1975 a n d  1975-1980, emphasizing processes  
that will come into future  use and the i r  associated pollution poten- 
tial, a s  well as processes  which will be phased out 

Description of the principal types of control  equipment fo r  the 
var ious p rocesses ,  and information on the performance cha rac -  
t e r i s t i c s  of the var ious designs in  use 

An in-depth nar ra t ive  analysis o f  the re la t ive m e r i t s  and l imita-  
t ions of applied control equipment 

Identification of pollution-control a l ternat ives  fo r  the various 
p rocess  segments  in  the industry,  and comparison of the r e l a -  
tive cost  and effectiveness of each  

Identification of gaps i n  a i r -qual i ty  control technology, and r ecom-  
mendations for r e sea rch  to fill such gaps.  

( 2 )  

( 3 )  

(4) 

( 5 )  

(6) 

( 7 )  

( 8 )  

( 9 )  
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1 - 3  and 1-4 

The scope of the study included the following process  segments of the integrated 
iron and s teel  industry with respect  to the generation of data on particulate and gaseous 
emissions: 

O r e  preparation (sintering and pelletizing plants) 

Coke-manufacturing plants and by-product facil i t ies 

Blast  furnaces 

Open-hearth furnaces (with and without oxygen lancing) 

Basic  oxygen furnaces (upright and ro ta ry)  

E l e c t r i c  furnaces  ( a r c  and induction, including the preheating 
of s c r a p )  

Vacuum degassing 

Casting operations (ingot pract ice ,  continuous casting, and 
p r e s s u r e  casting) 

Roughing-mill operations (soaking-pit pract ice  and rolling to 
s labs ,  blooms, and bil lets)  

Hot rolling ( s l a b ,  bloom, and billet conditioning: reheating and 
rolling to plate, sheet, s t r ip ,  s t ruc tura l  and merchant  products) 

Cold rolling of s t r i p  and bar products 

Surface cleaning and coating (galvanizing, tin plating, and plastic 
coating) 

In -plant power gene ration. 
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SECTION I1 

SUMMARY AND RECOMMENDATION5 
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The overal l  objectives of this study of the s teel  industry a r e  to determine 

(1 )  

(2 )  

The present  status of air-pollution-control technology 

The cost  of applying present  technology to the lessening of a i r -  
pollution by steelworks 

The subjects o n  which r e sea rch  and development a r e  needed to 
improve the technology and economics of air-pollution control. 

( 3 )  

The study was conducted in 1968 and e a r l y  1969 by Battelle Memorial  Institute, 
Columbus Laborator ies ,  with subcontracted assis tance f rom Swindell-Dressler Corn - 
pany of Pi t tsburgh and voluntary assis tance f r o m  a number of s teel  companies that 
contributed information and guidance throughout the project.  

This F ina l  Technological Report  is complementary to a companion report  titled 
"A Cost Analysis of Ai r  Pollution Controls i n  the Integrated Iron and Steel Industry", 
dated May 15, 1969. 

The partition of the final Battelle repor t s  reflects the design of this study to serve  
both the Division of Economic Effects  Research and the Division of P r o c e s s  Control 
Engineering of the National A i r  Pollution Control Administration. 

This Final Technological Report i s  the resu l t  of investigative, data-gathering 
operations and data analyses with respec t  to ironmaking and steelmaking technology 
and air-pollution-control technology in the integrated i ron and s tee l  industry. 
status of the respective technologies is discussed in relation to present  and future a i r -  
quality requirements .  
may serve  to minimize the generation of emissions in the various processes ,  and efforts 
may be directed toward the development of improved pollution-control procedures .  

The 

Technology gaps a r e  identified so that r e sea rch  and development 

THE NATURE O F  THE INTEGRATED IRON AND STEEL INDUSTRY 

The integrated i ron and steel  industry, a s  considered in this study, consists of 
those companies with resources  of i ron o r e  and with facilities for  o r e  preparation, 
ironmaking, and steelmaking. 
semifinished products such a s  ingots, billets, blooms, and s labs;  and the production of 
finished products such a s  sheet that is galvanized, tinplated, painted, o r  plastic coated. 
Many smal le r  companies utilizing sc rap  a s  their  source of raw ma te r i a l s  and e lec t r ic  
furnaces a s  their  melting facil i ty have come into operation in  recent  y e a r s ,  Such smal l  
secondary (nonintegrated) plants a r e  established to satisfy local marke t s  o r  marke t s  
for  a limited range of specific s teel  products. 

Included a s  p a r t  of steelmaking are the production of 
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Industry Ef fo r t s  for the Immediate Future  

The integrated i ron  and s teel  industry is faced with a dual situation, a s  a r e  many 
industr ies  in the United States  today, F i r s t ,  they a r e  in a highly competitive m a r k e t  
which requi res  that they maintain an  advancing metal lurgical  technology to m e e t  the 
increased demands of an  increasing population and maintain a position i n  the world 
m a r k e t .  Second, the industry must ,  a s  a pa r t  of the overal l  scheme to improve m a n ' s  
environment, reduce the amount of i ts  p rocess  emiss ions  reaching the atmosphere.  

The l a s t  10 y e a r s  have seen  significant advances in  the technology of making i ron 
The use of o r e s  h a s  changed f r o m  run-of-the-mine var ie t ies  to closely 

Use of the 
and s tee l .  
sized, select  o r e s ,  and to s in te r  and pellets m a d e  f rom less-sui table  o r e s .  
improved burden ma te r i a l s  has  increased ironmaking production and has  resul ted in  a 
lessening of emissions f r o m  the  blast  furnace.  
furnace  technology has  resu l ted  in  an aggravated emission problem at the s inter  plant, 
par t icular ly  when self-fluxing s in t e r s  a r e  made.  

However, this improvement in blast-  

Coal preparat ion and coke-making technology have been advanced to make  a bet-  
t e r ,  lower sulfur fuel for  the blast  furnace,  but the coke-making p rocess  itself has  not 
been changed basically and the coke-plant emiss ions  a r e  a source of continuing concern 
to the industry,  Auxiliary fuels such a s  oil ,  na tura l  gas, and coal have been combined 
with a i r -b l a s t  t empera tures  as high as 2000  F and with other technological advances to 
lower the amount of coke required to make  a net ton of i ron f rom 1600 pounds in  1958 
to 1250 pounds in 1968. The total  overal l  tonnage of coke, however, continues to in-  
c r ease  because of requirements  for m o r e  hot m e t a l  to make  m o r e  s tee l .  The improve- 
ments  in ironmaking technology have permit ted an increase  in physical  s ize  of the blast 
furnace and a reduction in the total number of blast  furnaces to sat isfy ironmaking r e -  
quirements .  

Steelmaking technology h a s  changed f r o m  one dominated by open-hearth technol- 
ogy at the s t a r t  of the present  decade to one shared 50 percent by open hear ths ,  37 pe r -  
cent by basic oxygen furnaces ,  and 13 percent  by e lec t r ic  furnaces in  1968. 
oxygen furnaces  with capabili t ies of producing f r o m  150 to 300 net tons of steel pe r  hour 
have played a m a j o r  role in  changing steelmaking technology. 
gen in the refining of s tee l  has  been the p r i m e  mover  for achieving these higher  p ro -  
duction rates  but, a t  the s a m e  time, this u se  of gaseous oxygen has  become a major  
problem in  control of a i r  pollution because of the severe  generation of red  i ron  oxide 
fumes  during i ts  use.  
the s t ee l  industry.  

Basic  

The use of gaseous oxy- 

This pollution problem is rapidly being brought under control by 

Conversion of steel f r o m  its molten s ta te  to a solid, more-usable  s ta te  i s  p r e s -  
ently undergoing technological change. The o lder  technology which had been used in  
the industry pract ical ly  f r o m  i t s  inception consisted of pouring the molten s tee l  into 
ingot molds,  permit t ing the s t ee l  to solidify, removing the hot ingot f rom the mold, 
t r ans fe r r ing  the ingot to a soaking pit, and then rolling the heated ingot into bi l le ts ,  
blooms, o r  s labs .  
bypass much of the intermediate  processing.  
poured into a special  mold and the solidified steel is extracted continuously f r o m  the 
bottom of the mold in  the f o r m  of bi l le ts ,  b looms,  o r  s labs .  
semifinished products a r e  cut to length, and then a r e  ready  for fur ther  processing 
into finished products.  

The newer technologies of continuous casting and p r e s s u r e  casting 
In continuous casting, the molten s tee l  is 

The continuously cas t  

P r e s s u r e  casting uses  air p r e s s u r e  on the sur face  of molten 
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steel  contained in a ladle which is positioned in a special  tank to force the molten steel  
into a graphite mold via a ceramic  tube. 
rolling into finished products. 
ing of ingots, and rolling into semifinished products have not been a l a r g e  source  of a i r  
pollution, these operations a r e  still of concern f rom air-quality aspects in the i ron and 
s teel  industry. The new technologies of continuous and p r e s s u r e  casting have lowered 
emissions f r o m  this stage of steel  processing. 

After solidification, the slabs a r e  ready f o r  
Although the particulates and gases generated in the cas t -  

The processes  used in the manufacture  of finished products have not been sources  
of large amounts of emissions to the a tmosphere ,  but steps have been and a r e  being 
implemented to l e s sen  the sma l l  amounts of emiss ions  generated during the rolling 
operations. 
mills ,  i n  the last few stands.  
mills .  
made in  equipment that is a lmost  completely enclosed, either because of the safety 
aspects (such as the high speeds with which these processing l ines operate)  o r  because 
of quality requirements  which dictate the use  of closely controlled atmospheres  in the 
processing l ines.  Overall ,  the processes  used  in the making of finished s teel  products 
a r e  minor contributors to a i r  pollution. 

Iron oxide fume is generated in  the high-speed, high-powered, hot-strip 
This problem does not exis t  in the older ,  lower  speed 

The processes  f o r  making coated products have of necessity been designed to be 

Particulate emissions have been a point of major  concern i n  the iron and steel  
industry and have been the focus f o r  concentrated efforts in the control of a i r  pollution. 
However, gaseous emissions,  some of which a r e  noxious in cha rac t e r ,  should also be 
considered. Among these a r e  (1) sulfur dioxide, (2 )  carbon monoxide, (3) fluorides, 
and (4) oxides of nitrogen. 

Sulfur dioxide is re leased  to the a tmosphere  a s  a resul t  of the combustion of sulfur 
originating in raw mater ia l s  and fuels .  Although the s teel  industry attempts to minimize 
its intake of sulfur-bearing raw ma te r i a l s  for metallurgical reasons ,  it is estimated that 
about 955,000 net tons of sulfur enter  the various process  segments annually in the mak-  
ing of iron and s tee l  in the United States .  
cent) originates in the coal used to make coke. 
by-products, and gases ,  about 464,000 net tons (49 percent) of sulfur is contained i n  
blast  furnace and steelmaking slags,  and 39,000 net tons (4 percent)  in raw steel  and 
scrap. The burning of fuels (coke-oven gas ,  fuel oil,  coke b reeze ,  t a r  and pitch) 
involves a n  es t imated 374,000 net tons of sulfur  annually emitted to the atmosphere a s  
sulfur dioxide (or  removed in cleaning sys t ems) .  
tons of sulfur unaccounted for .  

Of this amount, about 651,000 net tons (68 p e r -  
I n  accounting f o r  the sulfur in products, 

In addition, there  are about 78,000 net 

Carbon monoxide emission to the a tmosphere  has not yet been t reated as a problem 
of concern in  the making of i ron and steel ,  even though significant amounts of carbon 
monoxide a r e  generated i n  various process  segments .  F o r  example, about 550 cubic feet 
(43 pounds) of carbon monoxide a r e  generated in carbonizing 1 ton of coal to make coke; 
and depending on  specific blast  furnace pract ice ,  about 16,000 to 25,000 cubic feet  (about 
1300 to 2000 pounds) of carbon monoxide a r e  generated in the production of 1 net ton of pig 
iron. 
not reach the atmosphere because the carbon monoxide is used as a fuel in the heating of 
coke ovens, blast  stoves,  soaking pits,  and o ther  in-plant applications. This in-plant 
use  of carbon monoxide a s  a fuel is one of the ma jo r  economies realized by the iron and 
steel  industry in the manufacture of s teel  products. Carbon monoxide is  a lso generated 
in  considerable amounts during the refining of steel  in the basic oxygen furnace (BOF).  
The BOF off gases may contain as much a s  90 percent carbon monoxide. 

However, the l a r g e  amounts of carbon monoxide generated in these processes  do 

However, he re  
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again,  l i t t le carbon monoxide reaches  the atmosphere.  
to  prevent possible explosions in pollution-control sys t ems ,  o r  (as in  the case  of some 
wet-collection sys tems which pass carbon monoxide through the sys tem)  the carbon 
monoxide i s  burned and the products a r e  f la red  to  the atmosphere.  
carbon monoxide reaching the atmosphere may  be as l i t t le (in BOF steelmaking) a s  
33 cubic feet  (2.6 pounds) per  net ton of s teel .  

The carbon monoxide is burned 

The total amount of 

Fluoride emiss ions  have long been suspected a s  contributors to air pollution be-  

Information concerning the amounts 

A recent  r epor t  f r o m  Germany indicates that p resent  air-pollution control 

cause of the fluoride contained in  some local i ron  o r e s ,  and the use  of f luorspar  (a  
calcium fluoride mine ra l )  in the making of s teel .  
of fluoride emiss ions  reaching the atmosphere have not been reported in the open 
l i t e ra ture .  
equipment may  be capable of controlling the emis s ion  of fluorides to  the atmosphere.  

Nitrogen oxide emissions by the i ron  and s t ee l  industry a r e  an  unknown quantity. 
The use  of natural  gas  by the i ron  and s tee l  industry has  increased  f r o m  about 5 . 7  mil- 
lion tons annually in  1958 to about 12. 5 million tons in  1967. Combustion of natural  gas 
i s  known to be  a contributor to nitrogen oxide emiss ions .  The lack of information on the 
amount of nitrogen oxide emissions combined with the increased  use  of natural  gas indi- 
cates  a need for investigative work in  this a r e a  of air-pollution control. 

FUTURE PLANS O F  THE INDUSTRY 

Changing m a r k e t  demands have resulted in  the integrated i ron and s tee l  industry 

Some of this has  a l r eady  been implemented with Bethlehem 

United States Steel  Corporation i s  placing a new e lec t r ic -  

making plans f o r  increasing and establishing new production faci l i t ies  in the Midwest, 
Southwest, and F a r  West. 
Steel  Company's new plant a t  Burns Harbor ,  Indiana, and Jones & Laughlin's new 
plant a t  Hennepin, Illinois. 
furnace steelmaking facil i ty into operation in  the Houston, Texas,  a r e a ,  
has  purchased property in the Corpus Chris t i ,  Texas ,  a r e a ,  a s  well a s  in  the San 
Franc isco  Bay a r e a .  

National Steel  

Technologically, the s teelmaker  has  long had d r e a m s  of developing a p rocess  
that would convert  i ron  o r e  direct ly  into semifinished products without the necessi ty  of 
the blast furnace,  steelmaking furnace,  and casting operation, However, this s t i l l  ap-  
pea r s  to be in the distant future.  
plant levels but, a s  yet,  none of the p rocesses  a r e  in a position to produce the desired 
products at  a cost  competitive with present  methods.  

Work is being ca r r i ed  out a t  laboratory and pilot- 

Direct-reduction p rocesses  that eliminate the need for  blast  furnaces  to reduce 
i ron  o r e  a r e  only beginning to make their  en t ry  into U .  S .  commerc ia l  steelmaking 
prac t ice .  
Alabama, and the other  in Port land,  Oregon. 
doubtedly be watching the companies involved to de te rmine  how their  two p rocesses  
m a y  influence decisions in the integrated i ron  and s tee l  industry with respec t  to future 
expansion plans.  

Two plants a r e  scheduled to s t a r t  operat ions in 1969: one in  Mobile, 
The s teel  industry a s  a whole will un- 
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AIR-POLLUTION-CONTROL RESEARCH AND DEVELOPMENT 

Research  and development efforts a r e  required to produce bet ter  emission-  
control equipment and sys tems,  as well as to improve processes  themselves in the i ron  
and s teel  industry.  
equipment that will operate  on a continuous basis  a s  a means  of providing bet ter  design 
data to equipment manufacturers ,  bet ter  control data f o r  s t ee l  plants and improved 
methods to  monitor and m e a s u r e  emiss ions .  

Major needs include the development of sampling and analytical  

Temperature-sensing instrumentation is too slow in basic oxygen steelmaking 
practice,  with the resul t  that particulate emiss ions  occur  a t  the s t a r t  and end of  the 
oxygen-blowing per iods.  
this deficiency. 

Instrumentation with f a s t e r  response is necessa ry  to co r rec t  

Additional basic information i s  needed on the e lec t r ica l  p roper t ies  of particulate 
emissions and how they a r e  affected by chemical  composition; and studies a r e  needed 
on m o r e  effective methods of conditioning metal lurgical  dusts for collection by e lec t ro-  
static prec ip i ta tors ,  Fo r  wet sc rubbers ,  information is needed and work needs to  be 
done to  develop the necessa ry  c r i t e r i a  to apply the  wet sys tem to the removal  of ob- 
noxious gases  f rom the various p rocesses  in  which wet sc rubbers  a r e  used. 

In the integrated i ron and s teel  industry,  r e s e a r c h  and development effor ts  a r e  
needed on a f i r s t -pr ior i ty  basis  fo r  the reduction of par t iculates  and gaseous emiss ions  
a t  coke ovens and s inter  plants ,  
drogen sulfide f r o m  blast-furnace s lags .  
sulfide f rom coke-oven gas is s t i l l  another subject needing development,  
high-priority category is a need for r e s e a r c h  to l e s sen  air-polluting emiss ions  of p a r -  
ticulates generated in the loading, t ransfer ,  and s torage of the vast  amounts of bulk 
raw m a t e r i a l s ,  Longer range studies are required that will be directed toward the 
possible development of continuous-coking p rocesses  a s  a means  f o r  eliminating p r e s -  
ent coke-plant emission problems.  Other  subjects in need of r e sea rch  a r e  the control 
of emissions f rom casting and flushing operations a t  the blast  furnace,  preparat ion of 
ingot molds,  and methods of collecting emiss ions  generated during the casting of ingots,  

Another high-priority problem is the evolution of hy- 
An economical method for removing hydrogen 

Also in the 

General Recommendations for Phase LI Research  on 
Technical Aspects of Control of Air-Pollution Emissions 

F r o m  the Integrated Iron and Steel  Industry 

The present  repor t  deals with Phase I, which s ince its inception has  been expected 
to be followed by a Phase I1 r e sea rch  e f for t  to f i l l  gaps in the information developed 
during Phase I. 
ulated during Phase  I leads to the recommendation that Phase  I1 r e s e a r c h  be conducted 
i n  the following three  subject a r e a s ,  each of which will be discussed i n  m o r e  detail :  

Analysis and judgment by the Battelle staff of all  the information accum- 

(1)  Improved control of emissions f r o m  the manufacture of 
metal lurgical  coke 

Instrumentation for  in-plant emiss ions  measurement  and control ( 2 )  
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( 3 )  Improved characterization of emissions from certain process  
segments .  

These subjects have been selected because of (a)  their  importance to future control 
of a i r  pollution, and (b) their  apparent  amenability to r e s e a r c h  action. 

Following this genera l  presentation, including discussion of reasons why some 
o ther  subjects have been assigned lower pr ior i ty  f o r  r e sea rch  attention, specific infor- 
mation is given on seven new projects that could be undertaken to implement these 
recommendations.  

Improved Control of Emissions 
F r o m  the Manufacture of 
Metallurgical Coke 

In Section VI1 of this report ,  two of the seven process  segments identified as hav- 
ing f i r s t -pr ior i ty  r e s e a r c h  needs involve coke plants - oven charging, and pushing of 
coke. The conventional by-product coke-oven ba t t e ry  a s  it exists today a s  the traditional 
method f o r  making metallurgical coke is viewed by Battelle and by many other obse rve r s  
of the situation as inherently unsuitable for  close control of air-polluting emissions.  
addition to charging and pushing, problems of a i r  pollution of quantitatively undetermined 
magnitude a r e  represented  by gaseous emissions f r o m  lids and door seals ,  emiss ions  of 
particulates during quenching of the coke, handling of the coke, and the coke-oven-gas 
sys t em;  all  with the usually complex by-product s y s t e m  superimposed a s  an  air-quali ty 
problem. A number of approaches mentioned throughout this repor t  attempt to deal with 
pollution f r o m  one o r  m o r e  of these sources  in  the coke plant. However, until i t  can be 
demonstrated that these coking processes  would have an  impact on reducing a i r  pollution 
f r o m  cokemaking, Battelle views many of these approaches as expedients a imed at mak- 
ing the coke plant tolerable until real ly  sat isfactory solutions can be found. 
pollution problem associated with coke plants is  of sufficient magnitude and the controls 
so inadequate that it is r a r e  that anyone knowledgeable on the subject will deny that the 
coke plant i s  a ma jo r  polluter of a i r .  The seve r i ty  of emissions i s  easy  to see qualita- 
tively because a number of coke-oven plants physically a r e  sufficiently remote f r o m  
other  operations in a steelworks that there  is l i t t le question a s  to which process  segment  
in the plant is producing contamination. 

In  

The air- 

Two approaches s e e m  to war ran t  attention in Phase 11; the f i r s t  deals with improved 
methods of controlling emiss ions  f r o m  present-type coke ovens, and the second involves 
ent i re ly  new methods of making metallurgical coke. 
ceivable and is receiving some attention, there  appea r s  to be l i t t le that could be done in 
the way of air-pollution r e s e a r c h  to promote this third alternative,  
is d i r ec t  reduction of iron o r e  - the reduction of i ron  o r e  by methods that bypass the 
blast  furnace,  and thus do not require metallurgical coke. 

Although a third remedy is con- 

The third alternative 

It is recommended that Phase  I1 attention b e  given to (1)  improved sys t ems  for 
controlling emissions f r o m  conventional slot-type coke ovens, and ( 2 )  new and improved 
methods for making metallurgical coke by methods other than conventional slot-type 
ovens, over  which better control emissions could be exercised.  
for such a study, background, and the recommended scope a r e  given in m o r e  detail under 
under the heading "Project 1: 

More specific reasons  

P r o c e s s e s  for Making Metallurgical Coke". 
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Throughout consideration of new methods for making metallurgical coke, one 
encounters the problem that the bes t  way to ver i fy  the suitability of a coke is actually 
to use it on a commerc ia l  scale  in a blast  furnace.  
two reasons: ( 1 )  some thousands of tons of coke are needed for a full-scale tes t ,  and 
few pilot plants f o r  coke have the capability to  produce such quantities, and ( 2 )  the blast-  
furnace tes t s  a r e  expensive to per form,  difficult to evaluate, and involve the r i s k  of 
damaging the multimillion dollar blast  furnace.  
r e sea rch  and full commerc ia l  operation involves the use  of sma l l  "experimental" blast  
furnaces.  
Steel  Corporation, and the other by the United States  Bureau of Mines. Both a r e  in the 
Pittsburgh a rea .  
I t  is conceivable that it could be used under  cont rac t  for investigations for other par t ies .  
The Bureau of Mines furnace has not been operated for  severa l  yea r s  and is  being con- 
s idered  for disposal. 

This is an expensive procedure for  

A reasonable s tep between smal l - sca le  

There  a r e  two such furnaces i n  the United States.  One is owned by U.S. 

U.S. Steel opera tes  the i r s  when they have an  appropriate problem. 

Assuming that no sma l l  experimental blast furnace is available for evaluating new 
types of coke, there  a r e  some possible alternatives.  The chemical  composition of the 
coke gives some indication of its suitability for  blast-furnace use.  Beyond this,  there  
is  a need for information on  i t s  combustibility and reactivity. Laboratory tests can be 
used and devised to give good information on this aspect,  and some useful information 
can be developed f r o m  small-scale shaft-furnace tes t s  that involve perhaps seve ra l  
hundred pounds of coke per test .  
strength of the new coke a t  the tempera tures  involved in the blast  furnace. 
was developed for determining such strength,  and was applied to r e sea rch  for three 
steel  companies. '> The method is still applicable. 
can f o r m  a sound basis  for planning commerc ia l - sca le  runs bn a new coke with high 
confidence. 

Finally there  is the question of the mechanical 
A procedure 

These alternatives taken together 

Instrumentation for In-Plant 
Emissions Measurement  and Control 

Instrumentation is considered f r o m  the viewpoint that the general  air-pollution 
problem involves needs f o r  two types of instrumentation. 
generally is  mos t  useful externally to the plant to determine levels of pollution existing 
in  a general a r ea ,  and to gather general  information on air quality. 
considered to be outside the scope of the p re sen t  study. 
within the p re sen t  scope, is anticipatory equipment which is useful within the steelworks 
in connection with process  control and prompt  measurement  and detection of undesirable 
emissions,  either particulate o r  gaseous. P re fe rab ly  such instrumentation should be 
highly reliable for operation continuously in ducts under what often a r e  trying conditions 
of tempera ture  and corrosion. 
outs of the level and nature of emiss ions ,  and offer predictive aspects.  
might be interlocked with the p rocess  so  a s  to accomplish some type of cor rec t ive  
action rapidly before the a i r  is  polluted. The instrumentation should contribute to the 
avoidance of a i r  pollution; not only, such a s  is  sometimes now installed, to "protect the 
equipment". 

*John Varga. Jr. and H .  W. Lownie. J r . .  "Influence of Temperature on Mechanical Strength of Coke" Transactions of American 

The f i r s t  is equipment that 

That category is 
The second type, which is 

Continuous operation should be such a s  to give f a s t  read- 
The senso r s  

Although the emission-control equipment usually requi res  some type of 

Foundrymen's Society, 1956. 
M.  W.  Lightner (Assistant Vice President, United States Steel Corp. ), "Burdening the Blast Furnace": - Steel, February I ,  14, 
21, 28. 1955. 
John Varga, J r . ,  "High-Temperature Evaluation of Blast Furnace Coke", Proceedings of AlME Blast Furnace. Coke Oven, and - 
Raw Materials Conference, 1960. 
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protection, this frequently takes the fo rm of a bypassing sys tem that can cause "puffing" 
a t  a frequency high enough to interfere with a i r  quality. 
needed, therefore ,  would pe r fo rm three functions: 

Instrumentation of the type 

Measure the nature and amount of emissions between the process  
segment  and the collection sys tem;  do this  i n  such a way a s  to 
provide signals that some undesirable change has occurred i n  the 
process ;  and give this readout f a s t  enough (o r  ac t  through in te r -  
locks)  s o  that correct ive action can be taken in connection with 
operation of the process .  

Provide measurements  of conditions tha t  i f  ignored would destroy 
o r  lower the efficiency of the emission-control equipment, and 
provide signals (or  a c t  through inter locks)  in such a way as to 
protect  the equipment without simple bypassing of the effluent into 
the atmosphere.  

Measure the nature and amounts of emissions f r o m  the emission-  
control equipment. 
designed and adequately maintained, and if the other instrumenta- 
tion does its job properly,  then the s e n s o r s  a t  this stage mere ly  
confirm the proper  operation of the overa l l  system. If any up- 
s t r e a m  portion of the total sys t em is inadequate o r  fa i ls ,  then 
this location will signal the need for  immediate  attention to up- 
s t r e a m  process ,  instrumentation, and collection equipment. 

If the emission-control sys tem is properly 

During the course of this study, the investigators have been impressed  by the 
apparent lack  of availability of such instrumentation that meets  the standards of the 
s teel  companies. 
ment both i n  the United States  and i n  Europe should be  investigated in  more  detail i n  
Phase 11. 
the United States  and overseas  with the present  designs of instrumentation should be 
investigated and analyzed to determine both the good features and the deficiencies of 
present  equipment, and to prepare  more  specific recommendations for  r e sea rch  to 
develop new acceptable instrumentation. "Pro jec t  4: Evaluation of Instrumentation f o r  
In-Plant Emissions Measurement  and Control" deals  with this subject. 

The nature of equipment that is available and that is under develop- 

Also the experiences of s teel  companies (and other heavy industry) both in 

Improved Characterization of 
Emissions f rom Process  Segments 

One of the objectives of  this study was to obtain and in te rpre t  data and information 
on  the amount, s ize ,  composition, e lectr ical  propert ies ,  and corrosive properties of 
particulates;  composition and amounts of gaseous effluents; and to develop mater ia l  
balances that would permit  a dcfinition of the nature  and amounts of emissions generated 
by ironmaking and steelmaking process  segments  in various par t s  of the United States .  
Attainment o f  the objective was handicapped by the spars i ty  of reliable information that 
could be obtained. In par t icular ,  data were general ly  inadequate for the preparation of 
complete mater ia l  balances directed a t  the identification of emissions problems. 
Although the l i t e ra ture  is fa i r ly  extensive, much o f  i t  is not adequately definitive of the 
conditions under wh ich  samples  were taken, and some of the l i terature  is frankly 
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skeptical about the accuracy  of the data. The European l i terature  generally i s  more  
complete and more  extensive than American l i t e ra ture  on this subject, but t he re  is a 
hesitancy to apply foreign results to the Amer ican  iron and s teel  industry because of 
differences in operating practice.  The shortage of reliable information on American 
practice s tems f r o m  two factors:  (1) it is  Battelle 's  opinion that reliable data actually 
a r e  r a r e r  than many persons c a r e  to admit, and ( 2 )  some potential sources  of informa- 
tion consider the data propr ie ta ry  and confidential. 

Battelle recommends that r e sea rch  be conducted to f i l l  the gaps in the information 
on the amount, s ize ,  composition, and o ther  proper t ies  of particulate and gaseous 
emissions f r o m  steelworks process  segments .  Such an activity will f o r  the mos t  pa r t  
require active cooperating participation by  at  l e a s t  one steel  company. 
to the processing equipment i tself ,  investigators would be able to obtain the necessa ry  
samples  and make the necessary  analyses.  

Given access  

The p rocess  segment  that appears  to Battelle to warran t  first attention in this 
Although the re  is some information presented in this regard is the sintering plant. 

report  on particulate emiss ions  f r o m  sintering plants, their  gaseous emissions appear 
to warran t  particular attention. "Pro jec t  3:  Characterization of Emissions f r o m  
Sintering Plants" is an example of a high-priority project of this type. 

Characterization of the mechanism and nature of emiss ions  of sulfur-bearing 
gases f r o m  blast-furnace slag during tapping f r o m  the b l a s t  furnace,  during handling 
i n  the cas t  house, and during weathering in  outside dumps has  been recognized a s  a 
problem by the steel  industry. Since 1966, the American Iron and Steel Institute has 
been sponsoring r e sea rch  on this subject. 
identifying the mechanism of formation of the undesirable gases ,  and developing means 
for  their  suppression. 
More r e sea rch  is needed. 
a t  an  accelerated rate.  
years e a r l i e r  than would otherwise be the case.  
attention because the evolutions occur  over  wide a r e a s  in  diffuse amounts. 
slag is  disposed of in  dumps, the a r e a  can involve many a c r e s ;  a condition that makes 
collection of the emissions by conventional means  extremely difficult, perhaps impos - 
sible. "Pro jec t  2: Sulfur-Bearing Emiss ions  f r o m  Blas t -Furnace  Slag" deals with 
this problem. 

The r e s e a r c h  has  the two objectives of 

.., 
P r o g r e s s  has been made,  and resul ts  have been published. .p 

With additional funding, the r e sea rch  could be conducted 
Then, possibly, the resul ts  could be placed into pract ice  some 

The problem is particularly worthy of 
When the 

Other Subjects of Research  Interest  

In addition to the three foregoing subject a r e a s  that dese rve  (in Battelle 's  judg- 
ment) p r imary  consideration, three additional subjects that war ran t  attention are 
(1) wide-area emiss ions ,  ( 2 )  sulfur content of fuels and of products of combustion, and 
( 3 )  incineration of wastes. 
when viewed in the context of the integrated i ron  and steel  industry a r e  given below. 

These a r e  emiss ions  that occur generally ove r  a wide 

The reasons f o r  assigning these subjects to a lower pr ior i ty  

Wide-Area Emissions.  
a r ea ,  often intermittently. 
the pouring of ingots and the kishing of hot me ta l  as it is tapped f r o m  the blast  furnace 

Examples include the smoke and fume generated during 

7 .  H. Waehlbier and G . W .  P. Rengstorff; "Preliminary Study of Gas Formation During Blast-Furnace Slag Granulation with 
Water" ; Annual Meeting of Air Pollution Control Association; June, 1968. 
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and a s  i t  i s  t r ans fe r r ed  f r o m  vesse l  to vesse l  in the plant. 
a wide a r e a ,  often under physical conditions that make it difficult to install  adequate 
hooding and ventilation. Often, overhead s t ruc tu res ,  and especially access  to the a r e a  
by overhead c ranes ,  i n t e r f e re  with hooding. 
such that it is unrealist ic to expect that ma jo r  improvement in emission control can be 
accomplished by a change in the process  i tself .  The re fo re ,  hooding o r  general  evacu- 
ation o f  the building using l a rge  amounts of a i r  exhausted through a suitable emiss ions-  
collection device appears  to be the only possible solution. Although such a sys t em 
would intrude upon the usual layout in a s teel  plant, the fact of the ma t t e r  is that suitable 
equipment can  be engineered for this purpose. Therefore ,  Battelle takes the view that 
this subject is  a technical problem that can be solved by the application of existing 
engineering know-how. 
candidate for  r e sea rch .  
neering design and construction of steel  plants. 

These emissions occur  over 

The technology of the process  segments is 

F o r  this reason, Battelle does not consider this subject a pr ime 
The problem m o r e  proper ly  belongs within the scope of engi- 

In  this general  subject a r e a ,  however, there  a r e  two facets deserving of r e sea rch  
attention. These  a r e :  

( 1 )  Experimental  investigations of improved means for holding in  
place against  weather  and wind the fines s tored  in outside piles,  
especially coal piles.  "Project 6: Control of Wide-Area 
Emiss ions  f r o m  Storage Piles" deals with this subject. 

Pre-engineer ing and cost  es t imates  for  sys tems to collect and 
control wide-area emissions.  "P ro jec t  7: Design and Costing 
of Systems for Collection and Control of Wide-Area Emissions 
Inside a Steelworks" deals with this subject. 

( 2 )  

Sulfur Content of Fuels and of Products  of Combustion. 
Therefore,  s teel  companies have strong technological 

Sulfur is an undesirable 
e lement  in i ron and steel .  
reasons  to maintain the sulfur content of their  r aw mater ia l s  at the lowest possible 
level consistent with considerations of cost. However, the problem of a i r  pollution 
f rom the combustion of sulfur-bearing fuels exis ts  in the s teel  industry as it exists in 
many o ther  industries that  burn such fuels. 

Steel  plants generate products of combustion a t  numerous locations sca t te red  
often over hundreds of a c r e s  of a steelworks. NAPCA is well aware of the problems of 
dealing with the combustion of sulfur-bearing fuels,  the premium that mus t  be charged 
for low-sulfur fuels,  and the prel iminary stage of development of methods developed to 
date to control sulfur-bearing gaseous emiss ions  f r o m  the combustion of sulfur-bearing 
fuels.  The t rea tment  of coals,  coke-oven gas, and  petroleum products to lower their  
sulfur content has  been studied on many fronts  f o r  many years ,  s o  that technically 
feasible methods have been worked out. 
no desulfurization process  exists that meets  today's c r i t e r i a  for  economic feasibility. 
However, the p re sen t  c r i t e r i a  may have to be changed i f  the nation is to have cleaner 
a i r .  The general  subject of desulfurization of steelworks fuels and the collection and 
control of sulfur-bearing gaseous emissions f r o m  combustion i s  not included in the l i s t  
of recommendations for  Phase  I1 r e sea rch  because  the general  problem goes f a r  be- 
yond the s tee l  industry. Because of the nationwide sever i ty  of this problem involving 
many industr ies ,  effor ts  should be continued to a t tack this problem vigorously. If an 
economically pract ical  solution can be developed f o r  the general  case,  its application 

Insofar a s  is  known to the present  investigators, 
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to integrated steelworks would substantially lower the overall  contribution of steelworks 
to a i r  pollution by gaseous effluents. 

Incineration of Wastes. Steelworks generate much combustible waste that often is 
burned on the premises .  Because suitable inc inera tors  and pract ices  f o r  their  operation 
a r e  considered to be available to solve this problem, this subject is not included i n  the 
present  recommendations f o r  research .  However, a s  in  the case  of sulfur-bearing fuels 
and their  products of combustion, the genera l  problem of incineration should continue to 
be investigated on a base  broader  than that of the s teel  industry alone. 

Specific Recommendations for  Phase  J.I Research  on 
Technical Aspects of Control o f  Air-Pollution Emissions 

F r o m  the Integrated I ron  and Steel Industry 

Seven specific subjects that in Battelle 's  opinion war ran t  further r e sea rch  a r e  now 
described. The subjects a r e  not necessar i ly  in any formal  o r d e r  of priority,  but there  
has been an attempt to place the subjects in  approximate o r d e r  of urgency a s  viewed by 
the present investigators.  
Par t icular  attention will be given to Pro jec t  1 - "Processes  f o r  Making Metallurgical 
Coke" - because it is  in  Battelle 's  judgment mos t  urgent. 

Other  investigators will have other judgments on ranking. 

Pro jec t  1: P rocesses  for  Making 
Metallurgical Coke 

Metallurgical coke i s  high-strength coke used in b l a s t  furnaces  to sme l t  i ron o r e s  
In the United States to produce molten iron that is the main ingredient for steelmaking. 

in 1967, about 56 million tons of metallurgical coke were  used  in about 170 b l a s t  fu r -  
naces to produce about 87 million tons of pig iron. 
by the American i ron and s tee l  industry i n  coking plants in o r  associated with integrated 
steelworks. 
a s  the raw mater ia l .  
integrated iron and s tee l  industry in  1967 (which was a typical year ) .  These s ta t is t ics  
show that the American s teel  industry annually converts very  l a rge  amounts of coal to 
metallurgical coke. 

Virtually all  of this coke was made 

The production of this amount of coke required about 83 million tons of coal 
This was about 93 percent  of all the coal used by the American 

The manufacture of coke by the American integrated s tee l  industry is widespread 
geographically. 
Massachusetts, New York, plus Pennsylvania; about 13 percent i n  Indiana; about 12 p e r -  
cent in Maryland plus W e s t  Virginia; about 12  percent  in Ohio; about 10 percent in 
Tennessee, Alabama, Texas, plus Oklahoma; about 6 percent in Michigan plus Minnesota; 
about 5 percent in Colorado, Utah, plus California;  and about 4 percent in Illinois. 
Therefore,  problems involving a i r  pollution during the manufacture  of metallurgical coke 
a r e  of national interest .  

Of the total production in  1967; about 38 percent was made in 

The blast-furnace process  is used i n  the United States as the method to produce 
Advancements i n  over 95 percent of the pig i ron on which the s t e e l  industry is based. 

blast-furnace technology (such a s  use  of higher grade o r e s  and agglomerates ,  high blast  
t empera tures ,  and injection of hydrocarbons)  a r e  lowering, yea r  by year ,  the amount of 
coke needed to make 1 ton of pig i ron,  but the rate of production of pig i ron i s  increasing 
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annually so  that the total tonnage of metallurgical coke requi red  p e r  yea r  has been 
remaining about constant. 
c e s s  does n o t  include any f ac to r  that is expected to  eliminate the high degree  of depen- 
dence of the blast  furnace on metallurgical coke. 
ing the future need f o r  metal  f r o m  the blast  furnace is the growth of the bas ic  oxygen 
furnace (BOF) a s  the predominant method for making steel. 
making p rocesses ,  the BOF p rocess  conventionally requi res  about 70 percent of its 
charge  i n  the f o r m  of hot meta l  f r o m  blast  fu rnaces ;  the open-hearth process  conven- 
tionally uses  about 40 to 60 percent blast-furnace hot metal;  and the electric-furnace 
p rocess  usually uses  no hot  metal. The BOF p r o c e s s  (which uses  high amounts of blast-  
furnace hot meta l )  has been growing rapidly in the United States ,  and elsewhere through- 
out the world. Invented in Europe in 1952, the BOF process  accounted in 1968 for about 
3 7  percent of the production of r aw steel  in the United States,  and is expected to reach  
about 6 0  percent  by 1980. This growth of the basic-oxygen process  will put continuing 
p r e s s u r e  on demands for increasing amounts of hot meta l  f r o m  blast  furnaces ,  which 
in turn will have to be supplied with increasing amounts of metallurgical coke. 

The present  s ta te  of the technology of the blast-furnace p r o -  

The main technological factor affect-  

Of  the three major  s teel-  

The chances a r e  low for development in  the next decade o r  two of a commercial ly  
important  method f o r  reducing i ron o r e  by a p rocess  other than the blast  furnace i n  the 
quantities needed by the s teel  industry. P r o c e s s e s  that eliminate the b l a s t  furnace a r e  
generically and loosely called "direct  reduction" p rocesses .  They make use  of r o t a r y  
kilns, traveling g ra t e s ,  batch retor ts ,  and e l ec t r i c  smelting furnaces.  Instead of 
metallurgical coke, they make use  of coal, r e fo rmed  natural gas ,  and /o r  electricity.  
A few percent of the world's  production of i ron f r o m  o r e  is made by such p rocesses ,  and 
increasing attention is being given to them a s  possibil i t ies for the future. 
small plants utilizing such p rocesses  a r e  now under  construction near  Mobile, Alabama; 
Portland, Oregon; Auckland, New Zealand; and i n  Korea. These plants deserve  careful 
evaluation f o r  their  future potential in  affecting the importance of the b l a s t  furnace,  but 
it  is unlikely that such p rocesses  will replace as much a s  20 percent  of blast-furnace 
pig i ron  in  the United States within the next 15 yea r s .  Therefore,  although such pro-  
c e s s e s  have potential commerc ia l  significance during the next decade f o r  special  s i tu-  
ations,  the blast-furnace p rocess  will r ema in  f o r  many years  a s  the backbone of the 
American i ron  and s tee l  industry. 

Severa l  new 

The manufacture  of metallurgical coke is conducted in bat ter ies  of slot-type by 
The nature of these ovens is  such  that they give r i s e  to air pollution. product ovens. 

The r e s e a r c h  done since June, 1968, on Cont rac t  PH 22-68-65 has identified coke plants 
a s  probably the l a rges t  source  of uncontrolled emiss ions  to the a i r  by  the American 
s teel  industry. Because of the shortage of accu ra t e  and reliable data and measurements  
on emissions f r o m  coke plants, i t  is not possible a t  this time to prove the foregoing 
s ta tement  quantitatively, but knowledgeable persons  i n  the steel  industry and affiliated 
with it  a lmost  completely agree  that coke plants represent  the l a rges t  source of uncon- 
trolled emiss ions  by the steel  industry. 
ciated with Contract PH 22-68-65 was asked to identify air-pollution problems deserving 
of fur ther  study by NAPCA, e v e r y  respondent mentioned some aspec t  of coke-plant 
operation. The mos t  frequently mentioned problem was that of controlling the gaseous 
and particulate ma t t e r  when the blend of fine coals (about 1 / 8  inch and down) is charged 
through the top into the incandescent coke oven. 

When the Industry Liaison Committee a s so -  

I n  Section VI1 of this technological repor t  on Contract PH 22-68-65, an evaluation 
is  made of the process  segments  in the s teel  industry on which r e s e a r c h  and development 
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may bes t  be undertaken to achieve improved control of emissions to the a i r  f r o m  the 
integrated iron and s teel  industry. P r o c e s s  segments  a r e  evaluated f rom the stand- 
points of (1) severi ty  of emiss ions ,  ( 2 )  degree  of p re sen t  control of emiss ions ,  and 
(3)  availability of methods for control. Of 109 sources  of emiss ions  evaluated, 7 a r e  
rated to deserve  f i rs t -pr ior i ty  attention, 7 a r e  given second pr ior i ty ,  and 8 a r e  given 
third priority.  
( 2  in each of the three pr ior i ty  classifications).  
control of gaseous and particulate emissions during charging of coal to the coke ovens, 

Of these 22 high-priority sou rces ,  6 a r e  associated with coke plants 
One of the f i rs t -pr ior i ty  subjects is 

It-is suggested that further r e sea rch  attention be given to improved sys tems fo r  
charging coke ovens of the present  design. An adequate sys t em should be capable of 
injecting coal into the incandescent ovens under  conditions that avoid the emiss ion  of 
particulates o r  gases during charging. Some r e s e a r c h  and development being conducted 
by others along these l ines a r e ,  for purposes  of discussion, considered to fall into three 
subdivisions. 

The f i rs t  subdivision is sys tems under  development in  Europe for this purpose. 
Although apparently tr ied to some degree in France  and Canada, Germany seems  to be  
the source of these s y s t e m s .  The European sys tems have been examined by American 
s tee lmakers ,  who so far have not seen  fit to adopt them generally. American s teelmen 
have stated seve ra l  objections to the application of these sys tems in the United States.  
One of the objections is  low reliability. One 'member  of the steel  industry said that he  
saw seven installations in Europe, of which one was operational and s ix  were  shut down 
undergoing r epa i r s  o r  modification. No fu r the r  information was available f rom this' 
source.  
ment (called a l a r r y  c a r  and running on t r a c k s  on top of the ovens) i s  too great  to fit 
under existing super -s t ruc ture  on Arnerican ovens. 
whether present  American ovens can support the additional weight of the European 
systems. 
systems on Canadian ovens resulted in damaging explosions. On Contract PH 22-68-65, 
it has not been possible because of contract  limitations on t ime and money to investigate 
these European sys tems in sufficient depth to a r r i v e  a t  independent evaluation of their  
potential for  the American situation. 
American ovens is important  because installation of inadequate sys t ems  would not only 
be costly but could delay by  seve ra l  years  the installation of real ly  effective sys tems.  

The second subdivision of sys tems that  might be used to charge existing designs 
of coke ovens is  identified he re ,  for want of a bet ter  name, as "the ALSI system". 
American Iron and Steel Institute has  had the subject under study by at  l eas t  one of its 
committees. As a r e su l t  of that  study, a member  of the Industry Liaison Committee 
has told NAPCA representatives that the AISI intends to approach NAPCA soon with a 
proposal f o r  financial support for development of the "ALSI system".  
information present ly  available to Battelle, the AISI sys tem probably is a modification 
of one o r  more  European sys tems.  However, this is  speculation. If the AISI (o r  any 
other organization) does a s k  NAPCA for  support  f o r  a new sys tem,  the cost  of a demon- 
stration unit would be large.  
should be compared with o ther  alternatives that a r e  possible. There  would appear to be 
some mer i t ,  however, in supporting development of a sys t em proposed by the Amer ican  
s teel  companies, because this would make the s tee l  companies a d i r ec t  p a r t  to finding a 
sat isfactory solution to this challenging problem. 

Other  American s teelmen have observed  that the height of some of the equip- 

Other  o b s e r v e r s  have questioned 

There  a l so  i s  an unconfirmed r epor t  that two installations of European 

Suitability of any sys t em that is installed on 

The 

Based on the 

Because of this, any new sys t em proposed f o r  development 

The third subdivision of this category suggested for  r e s e a r c h  attention is an oven- 
charging sys t em under development by the Allied Chemical Company, Wilputte Division. 
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This s y s t e m  attempts to accomplish the same  thing a s  the foreign sys tems (cleaner 
charging of the coke oven), but a lso includes preheating of the coal - a technique that 
should dec rease  the coking time and inc rease  the productivity of any oven on which it is  
installed. 
involves preheating and pipeline charging), but i s  installing the sys t em on a bat tery of 
ovens of i ts  Semet-Solvay Division at  Ironton, Ohio. It is suggested that NAPCA obtain 
m o r e  information on this sys tem,  and evaluate it  in  connection with improved informa-  
tion on the o ther  two subdivisions in this category (the European equipment and the AIS1 
s ys t em) .  

Allied has not re leased  detailed information on this sys t em (except that it 

Turning now f r o m  the foregoing innovations aimed at  better control of emissions 
f r o m  conventional coke ovens, it  is  fu r the r  suggested that r e sea rch  attention be devoted 
to what Battelle considers the r e a l  long-term solution - the development of cokemaking 
methods that inherently lend themselves  to a high degree of control over  emissions.  
Battelle views such  a s y s t e m  a s  being probably continuous so a s  to  avoid the batch- 
charging and batch-ejection operations that contribute so much to a i r  pollution f r o m  con- 
ventional ovens. Also, a new process  should be designed f r o m  the ground up as a closed 
chemical sys t em with specific attention to the avoidance of a i r  pollution. 
coal company i n  the United States has a p rocess  that should be investigated in more  
detail.  Fu r the r  investi- 
gation may show that other coal companies have something s imilar ,  or that the process  
is unsuitable for the manufacture of metallurgical coke. A demonstration plant f o r  the 
Chemcoke p rocess  was built in 1961 a t  Columbia, Tennessee, and continues to operate 
f o r  p rocess  development and to produce coke for chemical plants in the vicinity. 
plant is  ra ted at  100 tons of coke per day, which i s  quite l a rge  for a pilot plant. 
p rocess  is thought to involve pre l iminary  t r ea tmen t  of coal on a traveling grate  in a 
dutch oven, followed by  finishing in a shaf t  furnace.  
coke of metallurgical quality, but sources within Peabody Coal have said that they have 
produced coke that appears  to mee t  the requi rements  of the blast  furnace, but that this 
coke has never  been tes ted in blast-furnace use.  F r o m  these r e m a r k s ,  it is concluded 
that the p rocess  dese rves  m o r e  investigation and analysis. An official of Peabody has  
agreed  o ra l ly  to cooperate in fur ther  study of this subject. Based on the resul ts  in the 
demonstration plant, Monsanto Chemical Company in 1966 built a s imi l a r  plant ( ra ted 
a t  500 tons of coke p e r  day) a t  Decatur, Alabama, which reportedly is  producing 550 tons 
of coke p e r  day as reducing agent f o r  phosphorus furnaces,  an application considerably 
l e s s  demanding as r ega rds  mechanical strength than blast-furnace coke. 
process  a t  both plants is alleged to be continuous, requiring a throughput time of be -  
tween l and 2 hours ,  and "completely clean" as to emissions.  These allegations need 
confirmation, a s  do the prospec ts  f o r  the ability of this process  to make metallurgical 
coke. 

At leas t  one 

This is the Chemcoke process  of the Peabody Coal Company. 

The 
The 

Most of the product has not been 

The Chemcoke 

At the same time that the Peabody p rocess  is  studied, a n  up-to-date evaluation 
should be made of the p re sen t  status of the FMC process  that produces a briquetted 
coke called FMC coke. 
Corporation for  m o r e  than a decade, and resu l ted  i n  the construction of a demonstration 
plant a t  Kemmere r ,  Wyoming, to produce coke mainly for  electric-furnace use. 
years  ago, FMC and United States Steel cooperated in a venture to produce blast-furnace 
coke and evaluate this p rocess .  
furnace,  but the resul ts  were  not sufficiently good that U . S .  Steel  was influenced to com- 
mi t  fu r the r  l a r g e  investment  in r e sea rch  on this p rocess .  
scale evaluation was conducted in an Armco b la s t  furnace a t  Hamilton, Ohio. 

This process  has been under  development by the FMC 

A few 

Such coke was made and evaluated i n  a smal l  blast  

About 2 yea r s  ago, a l a r g e r  
Dusting 
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of the FMC Coke during transportaion and handling was a problem, but FMC officials 
believe that the trouble was in the use of m a r g i n a l  briquetting equipment, and would not 
recur i f  briquetting rolls of proper  s ize  were  used. 
operating at  a ra te  of 150 to 2 0 0  tons of coke pe r  day for e lectr ic  phosphorus furnaces 
of FMC Corporation a t  Pocatello, Idaho. 
in a fluidized bed and then agglomerates  the product into briquettes.  
that seems to lend itself to close control of emiss ions .  

The Kemmerer  plant is now 

In principle, the FMC process  t r e a t s  the coal 
The method is one 

It is recommended that new r e s e a r c h  be undertaken to make a nonexperimental 
technological evaluation in  m o r e  depth of (1) improved sys t ems  for  charging coal, pushing 
coke, and quenching coke made in conventional ovens so as to achieve improved control 
of gaseous and particulate emissions,  and (2)  new processes  that have potential as means 
for manufacturing metallurgical coke under  conditions that lend themsleves bet ter  than 
conventional coke ovens to the overall  control of gaseous and particulate emissions.  
Based on the new information and data that would be accumulated during such r e sea rch ,  
it would then be possible to make an  independent authoritative and meaningful evaluation 
of the future potential f o r  such sys tems,  and to prepare  recommendations for additional 
hardware r e s e a r c h  that might be needed, leading perhaps to recommendations for  hard-  
ware  demonstration units o r  pilot plants that  may be appropriate. 

Drawing upon the foregoing background, it is suggested that the scope of new 
studies in Pro jec t  1 be a s  follows: 

A. Acquire new information by  d i r ec t  visits to offices,  
laborator ies ,  and/or  installations of U . S .  builders 
of coke ovens. 

(1) Allied Chemical Company 

(2)  Koppers Company 

( 3 )  AnDid Corporation 

B. Acquire new information by  d i r ec t  visits to offices, 
laborator ies ,  and/or  installations of European and 
Canadian companies. 

(1) Builders of coke ovens and coke-oven 
equipment 

Steel companies with pertinent experience (2)  

C. Evaluate the suitability of the technology for  application 
to the present  domestic oven design and coal blends. 
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11. New Processes  With Potential for Manufacturing Metallurgical Coke 

A. Acquire new information by d i r ec t  visi ts  to offices, laborator ies ,  
and/or  installations of American companies and organizations 
with pertinent experience. 
continuous, but potential p rocesses  will not be excluded solely 
because they a r e  of a batch type. 

New processes  probably will be 

(1) Peabody Coal Company 

( 2 )  Monsanto Chemical Company 

( 3 )  FMC Corporation 

(4) 

( 5 )  

United States Bureau of Mines 

Others  a s  may be determined during the study 

B. During vis i ts  i n  Europe unde r2 ,  s e a r c h  out status of European 
technology on such processes  

Evaluate the suitability of the technology for  application to the 
smelting of i ron o r e  in blast  furnaces  i n  the United States.  

C. 

111. Overal l  Evaluation and Recommendations 

A. Evaluation 

B. Recommendations 

(1) New nonexperimental studies 

(2)  New resea rch  on hardware 

( 3 )  For  demonstration units or pilot plants 

The foregoing scope has been prepared  with the knowledge that Japanese s teel-  
maker s  a lso face severe  problems of air pollution f rom cokemaking operations. During 
the l a s t  year ,  Japanese vis i tors  to the United S ta tes  have made a point to observe U.S. 
pract ice  along these l ines,  but have divulged little about the nature of solutions that they 
a r e  considering o r  developing. 
information might be forthcoming about the si tuation in  Japan. 
be improved reason fo r  a l a t e r  e f for t  to acquire  m o r e  information by d i r ec t  vis i ts  to 
Japan, but such vis i ts  a r e  not included in the present  scope. 

During the cour se  of the study outlined above, fur ther  
If that occurs ,  there  may 

The conduct of Pro jec t  1 can be expected to  require  5 o r  6 months of elapsed t ime, 
and to require  about 10 manmonths  of professional t ime (including supervision),  plus 
costs  f o r  t ravel  and support  services .  
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Pro jec t  2: Sulfur-Bearing Emissions 
f r o m  Blast-Furnace Slag 

The American integrated iron and s tee l  industry annually receives i n  i ts  raw 
mater ia l s  about 1 million tons of contained sulfur .  
sulfur content i s  contained in coal: most ly  in the coal that is  converted to coke. 
the contained sulfur that  enters  the steelworks leaves the works in some fo rm.  
relatively minor  amounts of sulfur  a r e  contained in  the iron, s teel ,  and steelmaking 
slags.  
furnace slags.  
of about 1. 5 percent sulfur is  generated annually. 
amount of contained sulfur entering the Amer ican  integrated steelworks.  

About 85 percent  of this incoming 
All of 
Only 

The major  identifiable fraction is the amount of sulfur contained in the blast-  
About 30 million tons of solid blast-furnace s lag containing a n  average 

This is a lmost  half of the total 

Although a statist ical  analysis of the su l fu r  content of American blast-furnace 
s lags  is lacking, the range of sulfur contents appears  to be f r o m  substantially l e s s  than 
1 percent to more  than 2 percent,  with an average of about 1 .5  percent. 

What happens to the sulfur in molten s l a g  that i s  tapped f r o m  a blast  furnace?  
Some burns to SO2 a s  the s lag flows down the runners  into granulators o r  s l ag  thimbles; 
some converts to SO2 and HzS during granulation in water  o r  in o ther  processes  where 
the molten slag contacts water ;  some is dissolved in the water and may o r  may not p r e -  
cipitate out; and some remains in the solid slag.  
contact with water  (as during weathering on a slag dump), additional sulfur is evolved 
into the a i r .  
not yet available. 
established, but the relative amounts have not. 

It is known that during subsequent 

The amount that is evolved i s  believed to be small ,  but factual data a r e  
The fact  that the evolutions do occur  at these points has been 

The amount of sulfur los t  a t  various s tages  in the handling of blast-furnace s lags  
is influenced by the nature of the handling p rocess ,  the composition of the slag,  the 
tempera ture  of the slag,  and presumably by o ther  factors .  
ulation processes  yield a solid product with about half the sulfur content of the molten 
slag exiting f r o m  the b l a s t  furnace. On the o the r  hand, some of the "hard slag" pro- 
ces ses  might yield a product with a sulfur content reduced only f r o m  about 1. 5 percent 
in the molten condition to about 1. 3 percent i n  the solid s ta te ,  and mos t  of this l o s s  
might r epor t  to the water  used to cool the slag.  

It i s  known that some gran-  

Recognizing the dear th  of information on the mechanism of evolution of sulfur f r o m  

The exper i -  
blast-furnace slags,  the American Iron and Steel Institute has  been conducting exper i -  
mental r e s e a r c h  on this subject since 1966, and the r e s e a r c h  is continuing. 
mental work is  proceeding, but does not include identification of amounts of sulfur being 
evolved. 
Although there  remains much to be learned, it appears  likely that the r e s e a r c h  will be 
extended to include some measurements  on a full-size blast-furnace operation. 

The emphasis  is on the fundamentals of the mechanism of the evolution. 

Battelle es t imates  that commercial ly  useful resul ts  f r o m  studies on the mechanism 
of sulfur evolution f r o m  blast-furnace slags could be severa l  yea r s  i n  the future a t  the 
present  ra te  of effor t  on this subject. An expanded rate of effort would be expected to 
lead to e a r l i e r  solution of the problem. 
determination of the amounts of sulfur emitted under  various conditions and a t  the sev-  
e r a l  points of handling o r  t rea tment  of the slag. 

The p rogram also could be usefully expanded to 
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The conduct of P ro jec t  2 can be expected to require a t  l eas t  1 m o r e  year  of 
experimental  work at an annual ra te  of about 20 man months of professional time (includ- 
ing supervision),  plus costs  f o r  support  s e rv i ces  (including considerable chemical 
analyses) .  

Pro jec t  3 :  Characterization of Emissions 
f r o m  Sintering Plants 

About 50 million tons  of s inter  i s  made annually in the United States for charging 
to b l a s t  furnaces.  Most of this s inter  is made within the per imeter  of ' integrated s teel-  
works. The particulates a r e  generally 
amenable to control by sc rubbe r s ,  precipi ta tors ,  and baghouses (but a t  substantial cost  
f o r  equipment and operation). 
the sys t em i n  the o r e ,  in the coke used in the s in te r  mix, and in fuel oil  (when fuel oil is 
used) .  
2 pounds p e r  n e t  ton of s in te r  produced. 
pe r  year .  
40 percent probably appears  in the off gases .  The off gases may also contain fluorides 
under some conditions, but the amounts and conditions under which significant amounts 
of fluorides a r e  evolved have not been identified adequately. 

The emissions include particulates and gases .  

One of the major  gaseous evolutions i s  SOz. 

On the average, the amount of sulfur entering the sys t em amounts to about 

Sulfur enters  

This is about 50 ,000  tons of contained sulfur 
About 50 to 6 0  percent  of this sulfur reports  to the s in te r ,  and about 30 to 

The present  r e sea rch  has  identified some of the character is t ics  and amounts of 
pollutants evolved f rom sintering plants, but the fund of reliable information requi res  
re inforcement  if the nature of sintering machines  a s  polluters of air is to be understood 
thoroughly. Therefore,  m o r e  r e sea rch  of an  experimental  nature is recommended. 

Measurements  should be made in a t  l eas t  two sintering plants, p referab ly  more .  
The plants should be representative,  but could involve at leas t  two installations of gen- 
eral ly  s imilar  conditions ( so  a s  to se rve  a s  a check on each other) ,  and/or  two o r  more  
different pract ices  (to define a range).  
unfluxed and fluxed s in te rs  of different basici t ies .  

The different practices might well involve 

For  each plant included in  the project,  the following i s  the minimum that should 
be determined: 

(1) P r i o r  to experimentation, define the plant and the sys t em under 
study, including the nature and performance of air-pollution con- 
t rol  equipment that is installed. 
balances,  including air. 

P r e p a r e  flow sheets and material  
Identify unknowns in the system. 

(2 )  Measure unknowns. Sample and charac te r ize  the amounts and 
compositions (including s ize  distribution) of particulates and 
gases a t  various locations ahead of and  behind any air-pollution 
control equipment. 

Develop improved and more  definitive flow sheets and mater ia l  
balances than was possible i n  (1) .  P r e p a r e  an improved s ta te-  
ment  of the nature of the problem of control of emissions f r o m  
sintering machines. 

( 3 )  
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(4) P r e p a r e  recommendations f o r  f u r t h e r  r e sea rch ,  i f  needed; andlor  
f o r  construction of hardware o r  demonstration installations. 

Pro jec t  3 requi res  that the investigators have virtually f r e e  access  to the s in te r -  
ing  plants being studied. 
costs for particle-size and chemical analyses probably will  be high. 
involved in the study, Battelle es t imates  that about 9 months of elapsed time will be 
required, and that the investigation will requi re  about 24  man-months of professional 
time (including supervision),  plus costs f o r  support s e rv i ces  (including laboratory 
technicians and chemical and mechanical analyses of particulates and gases ) .  

Problems of sampling a r e  expected to be considerable, and 
If two plants a r e  

Project 4:  
In-Plant Emissions Measurement and Control 

Evaluation of Instrumentation for 

Investigation to date shows that in-plant control of emissions f r o m  steelworks is 
hampered by a lack of suitable senso r s ,  instrumentation, and control, and by lack of 
correlation of such equipment with that used externa l  to the plant by abatement personnel.  
The nature of the problem is discussed e a r l i e r  in Section 11. 
problem is recommended. 

New resea rch  on  this 

New resea rch  i n  Pro jec t  4 should encompass the following scope: 

(1) Develop f r o m  existing information a s e t  of written hypotheses 
covering the present  s ta te  of the art,  including capabilities 
and limitations of p re sen t  equipment. 

Modify o r  confirm each hypothesis by visits  within the United 
States.  The hypotheses will s e r v e  as a definite focal point to 
guide information seeking. The vis i ts  will develop new infor- 
mation on  what is being used, what is available, and what the 
needs a r e .  Visits should include s tee l  plants, instrument 
companies, and abatement agencies,  plus o ther  sources  of 
information a s  they develop during the investigation. 

P r e p a r e  a draft  r epor t  on the s ta te  of the a r t  i n  the United 
States and review this repor t  with interested and affected 
par t ies  in industry. 

V i s i t s  a s  in ( 2 )  above to Europe and to Japan. 

(2)  

( 3 )  

(4) 

( 5 )  Prepa re  final report ,  including analysis of the present situation, 
recommendations for new re sea rch ,  and recommendations for  
hardware  development o r  demonstrat ion units as may be appropriate. 

Pro jec t  4 is  expected to require about 1 yea r  of elapsed time. This includes pro-  
vision for ove r seas  travel and for interaction with industry on preparation of reports .  
The study i s  expected to require about 28  man-months of professional t ime (including 
supervision), plus costs for  t ravel  and support s e rv i ces .  
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P ro jec t  5: Development of Improved 
Flow Sheets and Material  Balances 
for  American Integrated Steelworks 

In the conduct of Contract PH 22-68-65, flow sheets and mater ia l  balances on 
p rocess  segments in the s teel  industry were  developed f r o m  the open l i t e ra ture ,  f rom 
information accumulated during visits ,  and f r o m  Battelle 's  knowledge of the s teel  indus- 
try.  
of the situation that exis ts  on the average for the s tee l  industry viewed a s  a single entity 
on a national scale ,  have deficiencies and will introduce inaccuracies if applied to s m a l -  
l e r  segments of the industry, a s  for  example the steelworks i n  a par t icular  geographic 
a rea .  

Flow sheets and ma te r i a l  balances p repa red  i n  this manner ,  generally descriptive 

In  April,  1969, the Board of Directors of the American Iron and Steel Institute 
offered to provide cer ta in  AISI quar te r ly  operating reports  for a one-time nonrecurr ing 
use f o r  input to NAPCA studies of the i ron  and s tee l  industry. 
tions of the reports  would be provided with a l l  individual company re ferences  deleted 
by mechanisms sti l l  to be worked out. 

Specified pages o r  s ec -  

None of the operating data would be deleted. 

The AIS1 quar te r ly  reports  a r e  p repa red  by  the AISI f r o m  operating data submit- 
ted by process  segment  and by  individual furnaces by companies that compr ise  a lmost  
the ent i re  Amer ican  iron and s tee l  industry. 
mation even to the AISI. 
AISI. 
associated with Contract PH 22-68-65. Unfortunately, insufficient time was available 
a f te r  their  r e l ease  to make use of these r epor t s  on Contract PH 22-68-65. 

Battelle recommends that Pro jec t  5 involve activity a s  fo l~ows:  

(1)  

A few companies do not repor t  such infor- 
These quar te r ly  operating reports  a r e  closely held within the 

Approval in  this case  was secured  by the efforts of the Industry Liaison Committee 

NAPCA would provide the investigators with definition of a number 
of geographic a r e a s .  These a r e a s  should not be such that analyses 
during the investigation will  disclose the identity of par t icular  steel  
plants unless the s teel  companies involved agree to such disclosure.  
As an example, geographic definitions could coincide with AISI s teel-  
making d is t r ic t s ,  o r  with state boundaries.  

( 2 )  F o r  each  a r e a ,  and f o r  the United States  as a whole, flow sheets 
and/or  ma te r i a l  balances would be p repa red  so as to integrate all 
steelworks in  the a r e a .  
( e . g . ,  b l a s t  furnaces, sintering machines ,  coke plants, BOF 
fu rnaces ,  etc.  ) in each  a r e a ,  not by  company o r  plant within the 
a r e a .  It a lso would be possible not only to derive by  d i r ec t  s ta t i s -  
t ical  analysis the average condition within each a r e a ,  but also to 
der ive  the frequency distribution of conditions deviating f rom the 
average. 

In the s ta t is t ical  analysis, emphasis  could be focused on pollutants 
of special  in te res t ,  e. g . ,  sulfur in  gases .  

Breakdowns would be by major  processes  

(3)  

Pro jec t  5 would be essentially an exe rc i se  in  statist ical  analysis of technological 

The t ime required for analysis and reporting would be expected to be 
operating data. 
operating costs.  

The AISI quar te r ly  reports  do not include information on capital o r  
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about 3 to 6 months, depending on the degree  of detail desired,  and the study is expected 
to require  about 5 to 10 man-months of professional  staff time (including supervision),  
plus supporting se rv ices  (including the use  of a digital computer) .  

Project  6:  Control of Wide-Area 
Emissions f r o m  Storage Pi les  

Many s teelworks raw mater ia l s  a r e  s to red  outside in bulk and in l a rge  quantities 
under conditions that allow fines to be airborne.  
ticularly seve re  when the mater ia l  is being placed into o r  removed f r o m  storage.  Coal 
is  thought to be the wors t  offcnder,  but fine i ron o r e  a lso can be  seen  by s imple obse r -  
vation to be a substantial contributor to a i r  pollution. 

The problem of a i r  pollution i s  par- 

It is  recornmended that new re sea rch  be conducted to p repa re  a definitive and 
analytical repor t  on the s ta te  of the a r t .  
tains little information on this subject) ,  v is i ts  should be made and conferences held 
with s teel  companies, coal companies, o r e  companies, and other  organizations that 
a r e  potential sources  of information. The r epor t  should define the nature  of the prob- 
lem and the s ta te  of the a r t  in sufficient detail  to support  recommendations for exper i -  
mental work and/or  demonstration units. 
should be evaluated in the report  a r e  the following: 

In addition to the open l i t e ra ture  (which con- 

Among future experimental activit ies that 

( 1 )  In-plant experiments  on actual s torage  piles,  including dust-fall  
incasurements  before and af ter  changes a r e  made. 

Model studies on a reduced-size sca l e ,  and including factors of 
pile a r rangement ,  wind breaks ,  and o ther  factors that might 
minimize a i r  pollution by par t iculates .  

( 2 1  

Project  6 (the preparat ion of a definitive r epor t  to s e rve  as the basis  for decisions 
on experimental work)  is expected to requi re  about 5 calendar months and to involve 
about 10 man-months of professional  time (including Supervision),  plus supporting s e r -  
vices and t ravel  costs. 

Pro jec t  7: 
for  Collection and Control of Wide-Area 
Emissions Inside a Steelworks 

Design and Costing of Systems 

This  final technological r epor t  on Contract  P H  22-6 8-65 identifies wide-area 
emissions as those that  occu r  ove r  an  expanse o r  space such  that concerted attention 
has  not ye t  been devoted to their  collection and  control. Usually this condition exists 
when the p rocess  segment  is such  that contained streams of air  o r  other  gases  are not 
involved a s  p a r t  of the process .  Examples (given a ranking of f i r s t -o rde r  pr ior i ty  in 
Section VI1 of the repor t )  include the casting of blast-furnace hot metal, the flushing of 
blast-furnace slag,  the disposal of blast-furnace s l ag ,  and the pigging of molten i ron.  
Other  examples include the preparat ion of ingot molds and the teeming of ingots 
(especially when exothermic hot tops a r e  used). 

In many existing s teelworks,  emiss ions  of this  general  type a r e  la rge ly  uncon- 
trolled fo r  two reasons:  
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(1) Collection hoods o r  o ther  devices would be expected to interfere  
with o ther  s t ructures ,  especially with the operation of overhead 
c ranes  that s e rv i ce  the a r e a s .  

Amounts of a i r  that might have to be handled to collect the 
emiss ions  can be expected to be l a rge ,  and f r o m  this capital 
and operating costs can be expected to be substantial. 

( 2 )  

It is recommended that activity on Pro jec t  7 involve the design and preparation of 
engineering drawings for suitable representative hooding sys t ems ,  and the estimation of 
costs for  the installation and operation of the sys t ems .  
designs and drawings should be suitable for  se rv ing  a s  the basis  for  decisions regarding 
the construction of in-plant demonstration units. 
designs be included in the project:  

The r epor t  to accompany such 

It is recommended that two types of 

(1) 

(2)  

Equipment for a typical difficult situation in  an existing steelworks 

Equipment suitable for  u se  in a new steelworks where the equip- 
ment  can be installed a s  p a r t  of new construction. 

P ro jec t  7 is estimated to require about 6 months of elapsed t ime at a cost  equiva- 
lent to that of about 10 man-months of professional staff. 
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SECTION 111 

THE INTEGRATED IRON AND STEEL INDUSTRY 

This Section descr ibes  some of the character is t ics  of the integrated i ron and 
s teel  industry in  the United States,  and descr ibes  briefly some of the types of process-  
ing  that a r e  involved. An integrated s tee l  plant is one that per forms all  of the functions 
necessary  to convert  i ron o r e  to finished steel .  Thus, an integrated s teel  plant usually 
will be l a rge  and include coke ovens, a t  l e a s t  one blast  furnace, one o r  more  s teel-  
making furnaces,  casting facil i t ies,  and rolling operations that yield finished s teel  
characterist ically in the f o r m  of plates, shapes,  sheets,  and/or  s t r ip .  
does not s t a r t  with the reduction of iron o r e ,  but for  example purchases  i ron o r  s teel  
s c r a p  that is  then remel ted  for processing into steel ,  then such a plant is not considered 
to be "integrated". Likewise, a steel  plant that does no rolling o r  other processing be- 
yond semifinished products such as billets o r  slabs is usually considered "nonintegrated". 
In the broades t  sense,  the integrated i ron  and s tee l  industry, therefore ,  includes the 
operations of raw-mater ia l  receipt and stocking] coking, reduction of i ron o re ,  manu- 
facture of molten steel ,  casting of the s teel ,  and rolling of the s teel  into useful shapes.  
In the context in which the t e r m  is usually used, the integrated s teel  industry does not 
include smal l - sca le  operations (such as mini  s tee l  plants) that per form only a l imited 
number of the full range of functions. 

If a s teel  plant 

Most companies in the integrated s tee l  industry a r e  large,  and mos t  of the largest  
About 2 5  s teel  companies in the United States have annual s a l e s  in have severa l  plants. 

excess of $100 million, and of these about 6 have annual sales  in excess  of $1,  000 
million. 

Severa l  distinctions should be kept in  mind when considering the information and 
interpretations in this Section. 
distinction between capacity to make s t e e l  and production that deals with the amount 
actually made. 
longer publishes official  capacities. 
capacity came about a few years ago when production figures routinely ran  over 100 p e r -  
cent of "capacity". 

F o r  example, it sometimes is easy  to overlook the 

Ratings of capacity a r e  s o  difficult to make that the s teel  industry no 
Elimination of official but meaningless ratings for 

Statist ics on steelmaking quantities a r e  frequently given in t e r m s  of two main  
bases ,  and the distinction between them mus t  be recognized. One basis  is - raw steel ,  
which is s tee l  in the f o r m  of ingots o r  continuously cast  billets, blooms, o r  slabs.  
Until the advent of continuous casting, this basis  was called tonnage. The other 
basis is the tonnage of finished s teel ,  which character is t ical ly  amounts on a national 
annual gross  scale  to about 70 percent of raw steel .  

CHARACTERETICS ON A NATIONAL SCALE 

A statist ical  picture of the American integrated iron and steel  industry is given 
in  Tables 111-1 through 111-42. The tables a r e  self  explanatory, and cover aspec ts  such 
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as production, financial s ta tus ,  number of persons  employed, employment and other 
costs, processes  used, products manufactured, and r aw mater ia l s  consumed. 
the data a r e  given by s ta tes  where such information is  available. 

Some of 

In this group of tables,  the industry is  pictured a t  a point i n  time - the year  1967*. 
In addition to being the la tes t  year  on which s ta t is t ics  a r e  available, the production of 
127 million net tons of raw s tee l  i n  1967 was reasonably close to the long-term t rend  line 
that would indicate a "normal" production of about 118 million tons in 1967. Thus, 1967 
was neither exceptionally "good" nor exceptionally "bad". 
with the state of the industry in  a single year,  Section IV includes considerations of his-  
torical changes with time, and statist ical  projection of performance into the future.  

Whereas this Section deals 

Except where otherwise noted, information for Tables 111-1 through 111-42 was taken 
o r  adapted f r o m  the 1967 Annual Statist ical  Report  of the American Iron and Steel 
Institute. ':'*' 

In addition to some s ta t is t ical  breakdowns by s ta tes  in various tables f r o m  
Table  111-8 through 111-40, Figure 111-1 maps the location of the American iron and s tee l  
industry on the basis of value added by manufacture  by  states.(l)'~c'~"' The a r e a s  of the 
c i r c l e s  centered over  each steel-producing s ta te  a r e  proportional to that s ta te ' s  contri- 
bution to value added. 
of the Grea t  Lakes is strikingly apparent. 
Indiana account for well over  half of the s teel  industry 's  value added. 

The concentration of the United States steel  industry in the region 
The t h r e e  s ta tes  Pennsylvania, Ohio, and 

n 

FIGURE 111-1. VALUE ADDED BY MANUFACTURE BY STATE - 1963 

(Blast  Furnaces,  Steel  Works,  and Rolling and Finishing 
Mills: SIC 331). 

T a b l e  111-37 i s  an exception because shipments of iron ore are given for 1966, the latest year reported 
'The  AIS1 Annual Statistical Report covering 1968 is expected to be released in June, 1969. 

."References for Section 111 are given at the end of the Section. 
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TABLE 111- 1. PRODUCTION, SHIPMENTS, AND FOREIGN 
TRADE O F  THE UNITED STATES IRON AND 
STEEL INDUSTRY - 1967 

Thousands of Net Tons(a) 

Raw Steel Production by Type of Furnace  

Open Hearth 
Basic Oxygen P r o c e s s  
Elec t r ic  

Total 

70,690 
41,434 
15,089 

127,213 

Net Shipments of Steel Products  by Type of Steel 

Carbon Steel 
Alloy Steel 
Stainless Steel 

Total 

Foreign Trade  in Mill PI 

76,042 
7,018 

837 
83,897 

ducts - 
Exports  1,685 
Imports  11,455 

(a) Al l  tons are net tons of 2000 pounds. 

B A T T E L L E  MEMORIAL I N S T I T U T E  - COLUMBUS LABORATORIES 



L ~~ ~~~~ ~~ 

111-4 

TABLE 111-2. FINANCIAL BALANCE SHEET: U.S .  STEEL INDUSTRY - 1967 

Asse ts  

Cur ren t  Asse ts  
Cash 
United States Government secur i t ies  
Receivables, l e s s  allowances fo r  doubtful accounts 
Inventories 

Total  cu r ren t  a s se t s  

Miscellaneous investments  and other  assets 
Fixed Asse ts  

Proper ty ,  plant and equipment ( less  depletion) 
Less - Depreciation and amortization 

Net fixed assets 

Intangibles 
Deferred charges  

Total assets 

Liabilities and Stockholders' Equity 

Cur ren t  Liabilities 
Accrued taxes,  including F e d e r a l  income taxes  
Long-term debt maturing within one y e a r  
All other cu r ren t  liabilities 

Total cu r ren t  liabilities 

Long-term debt l e s s  amount maturing within one yea r  
Reserves  f o r  future  Fede ra l  income taxes,  insurance,  

Minority in te res t  i n  companies not wholly owned 
Stockholders' Equity 

contingencies, defer red  credi ts ,  etc. 

P r e f e r r e d  stock 
Common stock 
Capital  i n  excess  of p a r  o r  stated value of capital  s tock 
Income reinvested in  business  

Total stockholders '  equity 

Total liabilities and stockholders '  equity 

Millions of Dollars 

694. 6 
1,119. 5 
1, 742. 1 
3,835. 9 

7,392. 1 

1,792. 3 

26,484.4 
14,951. 7 

11,532. 7 

2 .  9 
173.4 

20,893. 4 

855. 7 
96. 0 

2,344. 5 

3,296. 2 

4,154. 8 

1,013. 0 
9 .4  

128.7 
3,243. 7 
1, 149. 3 
7,898. 3 

12,420. 0 

20,893. 4 
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TABLE 111-3. INCOME, DIVIDENDS. EMPLOYMENT.' AND EMPLOYMENT COSTS: 
UNITED STATES STEEL INDUSTRY - 1967 

Reporting Companies Reprerenr: 
8lai1 furnace producrion. mill ion net cons 84.0 

119 .3  

8 0 . 3  

Percent of industry 95 .8  

Percent of industry 93 .8  
R a w  rreel production. million ner Ions 

Shipments of finished xeel products. million net tons 

Statement of Income. millions of dollars 
Re"e""ei: 

Net bil l ing value of products shipped and other rervlcer 
Intererr. dividends and other income 

$17,045.7 
195.6 

To ta l  revenue 17.241.3 

costs Applied IO Billings and Orher Services millions of dollars 
Employment cam: 

Wager and salarieda) 5 .662 .6  
Social security taxel 265.5 
Pensions 293 .3  
l"S"C3"Ce 288.4 
Savings and vacation type plans 
Supplemental unemployment benefits 41.7  

44.5 

All orher employment COIIE 63.5 
Total employment  COIII 6,659.5 

Materials, supplier. freight and orher services. etc. 7 . 5 9 5 . 0  
Depreciarion. depletion and amortization 1.216.6 
lnierert and charger on Long-rerm debt 188 .9  
Srate. local and mUcellmeouI taxes 348.9 
Federal income mxes 383.8 

Total corn 16. 392.7 
Net l o ~ o m e ( ~ )  $ 848.6 
Cash Dividends Declared $ 492 .1  
Number of SIockliolden at End of Yeakc) 1, 166.777 
Einpioymenr D u d d )  

522,008 
710 ,005  

- 
- 

- 
__ 

 umber of employees i n  steel industry (avg. 
Total  number of employees receiving pay (avg. monrhly) 
HOUO. in imiliions 

Man lhours in the ireel industry 1. 015.4 
Orher 343.4 

Total  H O U ~  1.358.8 

$ 4,399.3 
Other 1 , 3 6 7 . 5  

Toral $ 5 . 7 6 6 . 8  

~ 

___ 
Payroll: (Millions of dollars) 

Wager and salaries i n  the steel industry 

~ 

Einpiaymenr COIII. per hour: 
Wager and ralarier $ 4.244 
Social security iaxef . 195 
PC"li0"i , 2 1 6  
1"f"IanCe , 212  
Savings and vacntion type plans ,033 
Supplemental unemploymenr bencfirr 031 
All ~ l l i e r  employment  ~0115 ,047 

T u r d  employment  E O S ~ P  pr lhour 5 4 .978  
__ 

(a)  !lues nor include portion of payroll charged IO own conltrucrion or other nonopra r ing  
accounci. 

(b) Some of the reporring companier .  either direci ly  or indirecrly through subsidiary cam- 
paniei. are engaged in amivitiel which are not a parr of the steel industry and make 
their ieporrr on a conrolldared barb. Hence. " N e t  Income" as reported by such com- 
panies includes rhe operations of act ivi t ies  not concerned with steelmaking. 

(e) Excludes duplication of holdea of more than one class a i  stock of a single c o m -  
pany but doer nor exclude a holder of rrock of more than one company. 

(d) Under "Employment Data,  " steel indurrry includes operation of coke ovem, blast 
furnaces. rreelimaking furnaces and finishing mills,  em., and the sale of the 
products thereof. and "Orher" includes mining and quarrying operations, tram- 
porration, warehousing, fabrication and other "on-steel producing activit ies.  

(e) Adjuiced ID reflect Iurnovel of employees. 
( f )  Includes portion of payroll charged to awn comrruciion 01 orher nonoperating 

accouncl. 
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TABLE 111-4. EMPLOYMENT, STOCKHOLDERS, AND CAPITAL 
EXPENDITURES: UNITED STATES STEEL 
INDUSTRY - 1967 

Labor :  (All employees)  
Number of Employees:  

Average monthly number of employees receiving 
wages and sa l a r i e s  during the year :  

Wage employees 
Salar ied employees 

Total  Employees 

Man Hours Actually Worked During the Year ,  
in mill ions 

Wage employees 
Salar ied employees 

Total  Hours 

Total  Payro l l ,  mil l ions of do l la rs ta )  
Wage employees 
Salar ied employees 

Total  Payrol l  

L e s s  portion of payroll  included above but charged 
to own construction o r  other nonoperating 
accounts 

Balance 

Stockholders : 
Number a t  end of year :  

P r e f e r r e d  
Common 

Total(b) 

Expenditures for additions,  improvements and acquisit ions,  
in mill ions of dol lars  

Est imated cost  to complete construction in p rogres s ,  
in mill ions of dol lars  

538,522 
171,483 

71 0, 005 

1, 009. 3 
349.5 

1,358. 8 

$ 4, 028.6 
1, 738.4 

5 ,  767. 0 

104.4 

$ 5, 662.6 

22,972 
1,  149, 123 
1,  166,777 

$ 2,  172. 8 

$ 3. 125 .9  , ,  

(a) Wage and salaried payroll includes paymenu applicable to the prior year. 
(b) Excludes duplication of holders of more than one class of stock of a single company but does not 

exclude a holder of stock of more than one company. 
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TABLE 111-5. TOTAL NET SHIPMENTS O F  STEEL PRODUCTS BY 
UNITED STATES STEEL INDUSTRY - 1967 

All Grades (Including Carbon, Alloy, and Stainless Steels) 

Product  Net Tons 

Ingots and steel castings 
Blooms, s labs ,  bil lets,  sheet  b a r s  
Tube rounds 
Skelp 
Wire rods 

Total  semi-finished 

Structural  shapes (heavy) 
Steel piling 
P la tes  

Total  shapes and plates 

Rai l s  
Standard (over  60 pounds) 
All  other 

Joint ba r s  
. T i e  plates 
T r a c k  spikes 
Wheels ( rol led and forged)  
Axles 

Total  rails and accesso r i e s  

B a r s  
Hot rolled (incl. light shapes)  
Reinforcing 
Cold finished 

Tool steel  
Total  ba r s  and tool steel  

Pipe and tubing 
Standard 
Oil country goods 
Line 
Mechanical 
P r e s s u r e  
Structural  
Stainless 

Total  pipe and tubing 

Wire 
Drawn 
Nails and staples 
Barbed and twisted 
Woven wire  fence 
Bale t ies  and baling wi re  

Total  wi re  and wire  products 

289,261 
2,478,621 

25,524 
2,008 

1,266,516 
4, 061,930 

5,591,735 
541.186 

7,948,349 
14, 081,270 

684,523 

30,934 
144,79 1 
61,998 

285,502 
180,669 

1,434,372 

45,955 

7,961,028 
3,249,479 
1,732,575 

109; 929 
13, 053, 011 

2,712,499 
1,339,772 
3, 094,920 
1, 051,711 

260,291 
473,360 

36,481 
8,969, 034 

2, 507,251 
334, 106 
102, 175 
116, 050 

3, 133,339 
73,757 

I 
I 
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TABLE 111-5. (Continued) 

Product  -- 
Black plate 
Tin  and te rne  plate - hot dipped 
Tin plate - electrolytic 

Total  t in mill products 

Sheets 
Hot rolled 
Cold rolled 

Sheets and strip 
Galvanized - hot dipped 
Electrolytic 
All other metall ic coated 
Elec t r ica l  

Hot rolled 
Cold rolled 

S t r i p  

Total  sheets  and s t r i p  

Net Tons 

604,487 
38,734 

5,947,638 
6,590,859 

9,311,592 
14, 709, 006 

4,218,700 
326,726 
503,334 
721,031 

1,409,339 
1,373,797 

32,573,525 

Total  shipments 83, 897,340 
__- 

I 
I' 
1 
I 
I 
I 
I 
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TABLE 111-6. TOTAL PRODUCTION O F  HOT-ROLLED PRODUCTS (BY 
TYPE O F  PRODUCT) BY UNITED STATES STEEL 
INDUSTRY - 1967 

Product Thousands of Net Tons 

Plates  
Sheets 
Strip(a) 
Coils for  cold reduced black plate and tin plate 
Bars  - Merchant 

- Concrete reinforcing 
- Light shapes 

Structural  shapes - heavy 
Steel piling(b) 
Rails 
Joint  ba r s  and tie plate bars  
Skelp 
Blanks o r  pierced billets f o r  seamless  tubing 
Wire rods 
Rolled forging billets 
Blooms, bil lets,  e t c . ,  f o r  export  
C a r  wheels ( rol led s teel)  
All other 

10, 120 

1,417 
37,007 

8,548 
8,921 
4,089 
1,305 
5,681 

519 
763 
201 

3,484 
3,949 
4,787 
1,695 

120 
289 
189 

Total 93,084 

(a) Includes catton ties, balling bands and hoops. 
( b )  Includes H-bearing piles. 
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TABLE 111-7. TOTAL PRODUCTION OF HOT- 
ROLLED STEEL PRODUCTS (BY 

STEEL INDUSTRY - 1967 
STATE) BY UNITED STATES 

State Thousands of Net Tons 

Massachusetts 
Rhode Island 
Connecticut 
New York 
New J e r s e y  
Pennsylvania 
Maryland 
Delaware 
Virginia 
West Virginia 
North Carolina 
Georgia 
F lor ida  
Ohio 
Illinois 
Indiana 
Mi chi gan 
Minnesota 
Missouri  
Alabama 
Kentucky 
Mis s is  sippi 
Oklahoma 
Texas 
Colorado 
Arizona 
Utah 
Washington 
Oregon 
California 
Hawaii 

Total 

187 

4,049 

21,060 

4,786 

3,559 

15,789 
7,942 

14,665 

8,068 

3,181 
1,285 

2,362(a) 

2,819 

3,332 

~ 93,084 

(a) Includes Tennessee and Arkansan. 

I 
I 
I 

I 
I 
I 

I 
I 
I 

I 
I 
I 
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TABLE 111-8. PRODUCTION OF PLATES AND 
SKELP (BY STATE) BY UNITED 
STATES STEEL INDUSTRY - 1967 

State Thousands of Net Tons 

New York 
Pennsylvania 
Delaware 
Maryland 
West Virginia 
Ohio 
Indiana 
Illinois 
Michigan 
Kentucky 
Alabama 
Texas 
Colorado 
Utah 
Washington 
California 

i 
1 

3,647 

1,  215 

1,330 
2,294 

1, 138 

2,504 

1,476 

TABLE 111-9. PRODUCTION O F  FLAT HOT-ROLLED 
PRODUCTS (EXCEPT P L A T E S ) ( ~ )  BY 
UNITED STATES STEEL INDUSTRY - 
1967 (BY STATE) 

State Thousands of Net Tons 

Rhode Island 
New York 
New J e r s e y  
Pennsylvania 
Maryland 
West Virginia 
Georgia 
Kentucky 
Alabama 
Texas 
Ohio 
Indiana 
Illinois 
Michigan 
Minnesota 
Colo rad0 
Utah 
Washington 

Total 
-3 California 

9,653 

8,295 

9,535 
9,254 
1,425 

6,858 

1,952 

J 
- 46,972 

(a) Includes sheets, strip, coils for cold-reduced black plate and t in plate, 
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TABLE 111-10. PRODUCTION OF MERCHANT BARS AND LIGHT 
SHAPES (BY STATE) BY UNITED STATES STEEL 
INDUSTRY - 1967 

state Thousands of Ne1 Tons 

COnnecIicut 
New York 
Penniylvania 
Maryland 
Virginia 
Weic  Virginia 
North Carolina 
Georgia 
Florida 
Ohio 
l l l inoir  
Indiana 
Michigan 
Minnesota 
Missouri 
Alabama 
Kentucky 
Oklahoma 
Teras 
Colorado 
Utah 
Warhingron 

California 
Orego" 

989 

2.437 

205 

1.982 
1.617 
1 ,595 

542 

161 

20da)  

159 

"" . - 
Total 10,226 

(a) Includes Tcnnerree. 

TABLE 111-11. PRODUCTION OF CONCRETE REINFORCING BARS 
(BY STATE) BY U N I T W  STATES STEEL INDUSTRY 
- 1967 

state Thousands of Net Tons 

Marrachuietrr I 7" 
I '  

New York f 
Pennrylvania 
Maryland 
North Caroli l ia 

Florida 
Ohio 
lllinoir 
Indiana 
Minneioia 
Michigan 
M i s o u i i  
Alabama 
Mississippi 
Oklahoma 
TWBI 

Georgia 

I- 
I 

872 

4 4 4 ( 4  

192 
506 

392 

302 

4 d b )  

293 

552  - 
4.089 

Colorado 
Arizona 
Washingran 

Hawaii  
California 

Tom1 

( a )  Includes West Virginia and Virginia. 
(h) Include$ Tennersce and Arkansas. 

Orego" 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  - COLUMBUS L A B O R A T O R I E S  

I 
I 
I 
I 
I 
I 
I 

I 



111-13 I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TABLE 111- 12. PRODUCTION O F  HEAVY STRUC- 
TURAL SHAPES AND STEEL 
PILING (BY STATE) BY UNITED 
STATES STEEL INDUSTRY - 1967 

State Thousands of Net Tons 

New York 
Pennsylvania 
W e s t  Virginia 
Georgia 
Alabama 
Texas 1 
Ohio 1 
Indiana 
Illinois 
Missour i  J 
Colorado 
Utah 
Was hi n gton 

3,402 

351(a) 

2,023 

262 

162 
Total 6,200 

J 
- 

Oregon 
California - 

(a) Includes Kentucky. 

TABLE 111- 13. PRODUCTION'OF WIRE RODS (BY 
STATE) B Y  UNITED STATES 
STEEL INDUSTRY - 1967 

State Thousands of Net Tons 

Massachuset ts  
Rhode Island 
New J e r s e y  
New York 
Pennsylvania 
Maryland 
Georgia 
Ohio 
Illinois 
Indiana 
Michigan 
Minnesota 
Missouri  
Alabama 
Texas - 
Colorado 
California 

273 

46 
732 

355 

699 
1,392 

27 1 

370 

177 

47 2 - 
Total 4,787 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  - COLUMBUS LABORATORIES 
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TABLE 111- 14. PRODUCTION OF BLANKS, TUBE 
ROUNDS OR PIERCED BILLETS 
FOR SEAMLESS TUBING (BY 
STATE) BY U. S .  STEEL INDUS- 
TRY - 1967 

State Thousands of Net Tons 

New York 
Pennsylvania 
Ohio 
Indiana 
Illinois 
Colorado 

Total 

23 
1,671 
1,824 

43 1 

3.949 
- 

TABLE 111- 15. PRODUCTION OF SEMIFINISHED 
STEEL FOR FORGINGS AND EX- 
PORT (BY STATE) BY U. S. STEEL 
INDUSTRY - 1967 

State Thousands of Net Tons 

Connecticut 
New York 
Pennsylvania 
Maryland 
Kentucky 
Alabama 

910 

266(a) 

622 

17 

1,815 
- 

Texas 
Ohio 
Indiana 
Illinois 
Michigan 
Minnesota 
Colorado 
Washington 
California 

Total 
1 

(a)  Includes Georgia and West Virginia. 
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TABLE 111- 16. PRODUCTION O F  COLD-ROLLED SHEETS AND 
STRIP BY UNITED STATES STEEL INDUSTRY - 
1967 

Product Thousands of Net Tons 

Finished on continuous o r  tandem mills 
Finished on single-stand mil ls  

19 ,351  
2,494 

Total 21,845 

TABLE 111-17. PRODUCTION OF COATED SHEETS AND 
STRIP BY UNITED STATES STEEL INDUS- 
TRY - 1967 

Product Thousands of Net Tons 

Galvanized sheets and s t r ip  
Long te rne  sheets 
Electrolytic tin plate 
Hot-dipped tin and te rne  plate 

4,582 
258 

5,776 
3 1  

Total 10,647 
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TABLE 111- 18. PRODUCTION O F  PIPE  AND TUBING (BY 
TYPE) BY UNITED STATES STEEL 
INDUSTRY - 1967 

~~ 

Product  Thousands of Net Tons 

Seamless  
Buttweld 
Electricweld 
Gasweld and spiral  weld 

3,445 
1,886 
4,146 

13 - 
Total 9 ,609  

TABLE 111-19. STEEL PRODUCTION (BY GRADES) BY 
UNITED STATES STEEL INDUSTRY - 
1967 

Thousands of Net Tons 

Raw Steel plus Castings 

Carbon s tee l  
Alloy s tee l  
Stainless s teel  

113,190 
12,572 

1,451 

Total production 127,213 

Steel f o r  Castings (included in total production) 

Carbon s tee l  
Alloy s teel  
Stainless s teel  

134 
59 

1 - 
Total for  castings 194 

B A T T E L L E  MEMORIAL I N S T I T U T E  - COLUMBUS L A B O R A T O R I E S  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

111-17 

TABLE ILI-20. RAW STEEL PRODUCTION (BY STATE AND BY TYPE OF FURNACE) 
BY UNITED STATES STEEL INDUSTRY - 1967 

Thousands of Net Tons 
Basic 

Open Oxygen 
States Total Hearth P r o c e s s  Electr ic  

New York 

Pennsylvania 

Rhode Island, Connecticut, New J e r s e y ,  
Delaware, Maryland 

Virginia, West Virginia, Ceor  gia,  Florida,  
North Carolina, South Carolina 

Kentucky 

Alabama, Tennessee,  Mississippi 

Ohio 

Indiana 

Illinois 

Mi chi gan 

Minnesota, Missouri ,  Oklahoma, Texas 

Arizona, Colorado, Utah, Washington, 
Oregon, Hawaii 

California 

Total 

7, 2.98 

29,881 

8,132 

4,268 

2,410 

4,444 

20,378 

17,610 

10,649 

9,245 

4,644 

4,154 

4,100 

127,213 

( a )  

20,854113) 

5 ,225 

( a )  

( a )  

( a )  

10,763 

11,157 

5,387 

( a )  

2,310 

( a )  

1,984 

70,690 

199 

3, 173 

( a )  

958 

575 

344 

2, 163 

( a )  

2,946 

( a )  

2,334 

777 

( a )  

15.089 

(a) Deleted because disclosure would reveal proprietary information. 
(b) Includes Bessemer. 
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TABLE 111-21. PRODUCTION O F  PIG IRON AND FERROALLOYS BY 
UNITED STATES STEEL INDUSTRY - 1967 

- 
Product  Thousands of Net Tons 

Blast  furnace production 
P ig  i ron (including s i lvery pig i ron)  
Fer romanganese  and spiegel 
Total blast  furnace production 

86,984 
663 

87,647 

Ferroalloys made i n  electric furnaces 
Ferromanganese 280 
Ferrosi l icon 528 
Fe r rochrome  263 
Fer rochrome silicon 154 
Ferrophosphorus 111 
Silico- manganese 230 
All other 259  
Total ferroal loys made in e lectr ic  furnaces  1,825 

89,472 Total pig i ron  and ferroalloys 
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TABLE 111-22. PRODUCTION O F  PIG IRON AND FERROALLOYS (BY GRADES AND 
KINDS) BY UNITED STATES STEEL INDUSTRY - 1967 

~~~~~ ~~ 

Product  Thousands of Net Tons 

P i g  i ron  
Basic 
Bessemer  
Low phosphorus 
Foundry 
Malleable 
All other 

Total pig i ron  

Ferroal loys (made in  blast  furnaces and e lec t r ic  furnaces)  
Ferromanganese and spiegeleisen 
Fer ros i l icon  
All other ferroal loys 
Total ferroal loys 

81,344 
1,722 

166 
1 ,550  
1,830 

372 

86,984 

943 
528 

1,017 
2,488 

Total pig i ron  and ferroal loys 89,472 
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TABLE 111-23. NUMBER O F  BLAST FURNACES 
PRODUCING PIG IRON AND 
FERROALLOYS ON JANUARY 1, 
1968 (BY STATE) 

State In Blast  Total 

Pig Iron 
Alabama 9 17 
California 4 4 
Colorado 4 4 
Illinois 14 18 
Indiana 22 24 
Kentucky 2 3 
Maryland 10 10 
Michigan 9 9 
Minnesota 1 2 
New York 12 15 
Ohio 33 47 
Pennsylvania 39 58 
Tennessee 0 3 
Texas 2 2 
Utah 3 3 

4 West Virginia 

Total 168 223 

Fer roa l loys  

- 4 - 

7 - 5 - Blast  furnaces  

GRANDTOTAL 173 230(a) 

(a) Of the 51 furnaces which were idle on January 1. 1968. 5 were relining. 
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TABLE 111-24. PRODUCTION O F  PIG IRON AND FERROALLOYS (BY 
STATE) BY UNITED STATES STEEL INDUSTRY - 1967 

State Thousands of Net Tons 

111-21 

I 

I 
I 

, 

I 

I 
I 
I 
j 
I 
I 

New York 
Pennsylvania 
Maryland, West Virginia, Kentucky, Tennessee,  Texas 
Alabama 
Ohio 
Indiana 
Illinois 
Michigan, Minnesota 
Colorado, Utah, California 

Total 

New York 
Fer roa l loys  

6,172 
20,542 
10,824 
4,290 

14,485 
12, 167 
6,309 

4,756 

86,984 

7,439 

109 
Pennsylvania 468 

559 

Other States 618 

Virginia, West Virginia, South Carolina, Tennessee 
Ohio 734 

Total 2,488 

GRAND TOTAL 89,472 

(a )  Includes silvery pig iron. 
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TABLE 111-25. MATERIALS USED BY UNITED STATES BLAST FURNACES IN 
MANUFACTURE OF IRON AND FERROALLOYS - 1967 

Thousands of Net Tons of 
Mater ia l  Used 

Iron 
( P i g  and 

Products  Molten) Fer roa l loys  Total 

Ore  
Iron o r e  (including manganiferous and block) 42,390 12 42,402 
Manganese o r e  (including ferruginous manganese) 133 1,257 1,390 
Agglomerated products ( s in te r ,  pellets, etc. ) 96,875 11 96,886 

consumed 139,398 1,280 140,678 

L e s s  flue dust  and sludge produced 3,749 58 3,807 

Net o r e s  and agglomerated products 

- 
Total ores  and agglomerated products 

- 

consumed 135,649 1,222 136,871 

Scrap 
Total s c rap  consumed 4,218 9 4,227 

auxiliary units 809 7 816 

Net Scrap consumed 3,409 2 3,411 

Limestone, dolomite, other flux mater ia ls  14,422 341 14,763 
Coke 

Total coke consumed in blast  furnaces 56,197 1,088 57,285 
L e s s  coke breeze  (dust)  recovered 1,280 21 1,301 

Net Coke consumed 54,917 1,067 55,984 

L e s s  produced a t  blast  furnaces and 

- 

Mill cinder,  rol l  scale,  etc. 5,476 2 5,478 

- 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  - COLUMBUS LABORATORIES 
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TABLE 111-26. MATERIALS USED BY UNITED STATES BLAST FURNACES IN THE 
MANUFACTURE OF PIG IRON (BY STATES) - 1967 

Thousands of Net Tons 
Mill 

Iron Ore and Cinder, 
State Agglomerates(a) Scrap(a)  Scale, etc. Total 

New York 9,392 218 487 10,097 

Maryland, West Virginia, Kentucky, 
Pennsylvania 33,155 820 1,574 35,549 

Alabama 7,215 121 19 7,355 
Texas 16,612 252 875 17,739 

Ohio 20,453 1,114 1,453 23,020 
Illinois 10,108 367 297 10,772 
Indiana 19,299 189 460 19,948 
Michigan, Minnesota 11,545 205 126 11,876 
Colorado, Utah, California 7,870 - 123 - 185 8,178 

Total 135,649 3,409 5,476 144,534 

(a) Total material charged less products recovered. 

TABLE 111-27. CONSUMPTION OF MATERIALS P E R  
NET TON O F  PIG IRON PRODUCED 
IN THE UNITED STATES - 1967 

Material  Net Tons 

Iron o r e  and agglomerates(a)  1. 560 
Scrap(a)  0.039 
Mill cinder, scale,  etc. - 0.063 

Total 1.662 

Limestone and 0.257 
C o k e b )  0. 631 

(a) Based on total material charged less products recovered. 
(b) Based on total limestone and dolomite charged directly into blast furnaces, 

plus tonnage consumed in the production of agglomerates. 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  - COLUMBUS LABORATORIES 
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TABLE 111-28. SCRAP - STOCKS. PRODUCTION, RECEIPTS. AND CONSUMPTION BY GRADE - 1961 

Thousands of Net Tons 
Stocks Shipped. 

On Hand Transferred Stocks 
Beginning or Otherwise On Hand 

Grade of Year Produced Received Consumed Disposed End of Year 

Steel scrap 
Carbon 5.221 36,152 23,158 56,533 3,499 5,099 
Alloy (excl. stainless) 226 2.294 403 2,598 90 235 

- - 811 Cast iron, incl. borings 1,022 4,331 2,041 5,539 984 
Stainless 90 477 297 752 26 86 

- - - - 
Total 6,559 43, 854(a) 25.899 65.422 4,599 6,291 

(a)  Production by source: 
Source Produced 

Recirculating (including home, plant or 

Obsolete (including molds, stools, 
recycled iron and steel scrap) 

machinery. buildings. except rerolling rails) 

38,118 

3.389 
Other (including s lag,)  etc. 2.347 

Total 43.854 

TABLE 111-29, CONSUMPTION OF SCRAP AND PIG IRON, AND PRODUCTION OF STEEL BY 
TYPES OF FURNACES - 1967 

Thousands of Net Tons 
Consumed 

Type of Furnace Scrap Pig h d a )  Total Raw Steel Productiodb) 

Open hearth and Bessemer 32,298 42,266 78.564 70,560 
Basic oxygen process 13,955 33, 607 47,562 41,434 
Electric 13,351 219 13.630 13.489 
Cupola 1,048 216 1,264 _ _  
Air 46 15 61 _ _  
Blast 4,280 _ _  4,280 -_  
Other 444 2,461 2,911 -- - - - - 

Total 65,422 82,850 148.272 125,483 

(a)  Including molten metal. 
(b) Total  raw steel production: 127. 213. 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  - COLUMBUS L A B O R A T O R I E S  
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TABLE 111-30. CONSUMPTION OF FUELS BY UNITED STATES STEEL . INDUSTRY - 1967 

Blast Furnace Area Steel Heating and Heating 
Blast Melting Annealing' Ovens f o r  

Furnaces Other Uses Furnaces  Furnaces  Wire Rods Other Total 

Fue l  Oil, thousands of gallons 

67,225 14,011 567,663 403,426 ( a )  201,663 

Ta r  and Pitch, thousands of gallons 

20, 936 (a)  248,222 (a )  ( a )  33,741 

Liquid Pe t ro leum Gas, thousands of gallons 

_ _  (a)  ( a )  11,112 _ _  3,853 

Natural Gas,  millions of cubic feet  - based on 
1,000 B tupe r  cubic foot 

44,255 5,766(b) 85,932 277,322 5,682 115,504 

Coke Oven Gas, millions of cubic fee t  - 
based on 500 Btu p e r  cubic foot 

13,433 276, 923(c).  32,762 352,236 9,681 201, 193 

Blast  Furnace Gas, millions of cubic f e e t  - 
based on 95 Btu per  cubic foot 

1,253,988 

302,899 

13,965 

534,461 

886,228 

1,400, 147 1,291, 217(d) (a)  162,898 _ -  1,276,741 4,131,003 

(a) Included with "Other". 
(b) Includes coke-oven underfiring. 
(c) Includes 237.541 coke-oven underfiring. 
(d) Includes 334.068 coke-oven underfiring. 

TABLE 111-31. CONSUMPTION OF ELECTRIC 
POWER BY UNITED STATES 
STEEL INDUSTRY - 1967 

Power Source Millions of kwhr 

Generated 11,954 
Purchased 30,557 

Total 42,511 

BATTELLE MEMORIAL INSTITUTE - COLUMBUS LABORATORIES 
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TABLE 111-32. CONSUMPTION O F  FLUXES BY UNITED STATES STEEL 
INDUSTRY - 1967 

Use 

Net Tons 
Other 

FluorsDar Limestone Lime Fluxes Total 

In agglomerated products - -  7,929,735 _ _  - -  7,929,735 
_ _  14,763,656 

In steelmaking furnaces  
Open hear th  124,689 2,921,853 652,316 458,837 4,157,695 
Basic oxygen p rocess  254, 630 363,211 2,997, 223 238,689 3,853,753 
Electr ic  108.843 118.880 405.336 70.738 703.797 

In blast  furnaces _ _  14,763,656 _ _  

~ 

Total 488; 162 26,097; 335 4,054; 875 768; 264 31,408; 636 

TABLE 111-33. CONSUMPTION OF OXYGEN BY UNITED STATES STEEL 
INDUSTRY - 1967 

Millions of cubic feet  i n  gaseous form(d)  
High P u r i t d c )  Low Pur i ty  Total 

Purchased(a)  
Produced(b) 

Total 

Consumption by Uses: 
Conditioning 
Scrap preparat ion 
Other burning and welding 
Blast furnaces 
Steelmaking: 

Open hear th  
Basic oxygen process  
Electr ic  and Bessemer  

Total Steelmaking 

Maintenance and construction 
All other 

155,120 
15,456 

170,576 

5,415 160,535 
( e )  - 

5,415 
15;456 

175,991 

18,355 
1,998 
2,617 
8,662 

58,407 
78,707 

3,352 

140.466 

779 
3,114 

Total 175,991 

(a) Purchased from vendors with facilities in or adjacent to plant or facilities located away from plant. 
(b) Produced on companies own facilities or leased facilities. 
(c) The term high purity oxygen means a gaseous mixture containing 99. f l o  by volume, plus or minus 0.1"1. of pure oxygen. 
(d) Oxygen consumed in liquid form was reduced to its gaseous equivalent in these statistics. 
(e) Included in high purity. 
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TABLE 111-34. PRODUCTION AND USE OF AGGLOMERATED PRODUCTS BY 
UNITED STATES STEEL I N D U S T R Y ( ~ )  - 1967 
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Briquettes, 
Agglomerates Sinter Pe l le t s  nodules and other  Total 

Produced(b) 51,068,111 38,050,646 1,695,004 90,813,761 
Imported ( C )  9,293,103 ( C )  9,516,559 
Consumed in  

b las t  furnaces 51,638,941 43,453,448 1,793,657 96,886,046 
Consumed in  

steelmaking furnaces  ( c )  603,974 ( C )  988,474 

( a )  Includes ore agglomerates whether produced at consuming plants, at or near the mine site or Several nonconsuming plants in 
the United States. The  latter two includes plants owned and operated by Bethlehem Steel Corp. , Buffalo Sintering Corp., 
Cleveland-Cliffs Iron Co., Erie Mining Co., Jones and Laughlin Steel Corp., Republic Steel Corp.. Reserve Mining CO. , 
and United States Steel Corp. 

(b) Agglomerates produced from 96,124,000 net tons of metallic-bearing materials, 3.228,  000 net tons of coal and coke, 
8 ,259 ,000  net tons of fluxing materials, and 1 ,916 ,000  net tons of miscellaneous materials. 

( c )  Deleted because disclosure would reveal proprietary information. 

TABLE 111-35. CONSUMPTION OF NONFERROUS 
METALS FOR COATING PURPOSES 
BY UNITED STATES STEEL INDUS- 
TRY - 1967 

Metal Gross  Weight, net  tons 

Aluminum 7,186 
Copper 8,751 
Lead 4,506 
Nickel 454 
Tin 34,250 
Zinc 334,776 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  - COLUMBUS L A B O R A T O R I E S  
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TABLE 111-36. UNITED STATES STEEL INDUSTRY IRON ORE INVENTORIES, RECEIPTS, AND CONSUMPTION - 1961 

Thousands of Net Tons 

Original Source of Iron Ore 
United States Canada A l l  Other 

Great Foreign Total Great 
Lakeda) Northeasterdb) Southerdc) W esterdd) Lakede) Easterdf) Countries Iron Ore 

Inventory - Beginning of year 34,753 239 1,637 1 ,193  1,919 10.490 10,996 61,227 
4 ,826  7 ,863  5,110 20 ,851  23.177 133,766 

Total Available 102,685 4 ,246  6,463 9,056 7.029 31,341 34,173 194,993 
Receipts 67,932 4,007 

Consumption in: 
Blast furnaces 53,176 3,508 4 ,558  5,172 4,504 8 ,140  9,424 88,482 

498 197 603 2,468 4,265 
Agglomerating plants 14.306 347 25 0 2,407 362 12,132 10,604 40,408 

Total Consumption 67 ,801  3 ,992  4 .851  8,077 5 ,063  20.875 22.496 133.155 

Steel producing furnaces 319 131 43  

Sold to nonreparting 

companies only 2 1 1 19 80 103 
Total Credits 67 ,803  3,992 4 ,852  8 ,078  5,063 20,894 22.576 133,258 

_ _  - _  

Inventory - End of year 34.882 254 1 ,611  978 1,966 10.441 11,597 61.735 

(a) Michigan, Minnesota, Wisconsin. 
(b) New England states, Delaware. New Jersey, New York, Pennsylvania. 
( c )  Florida, Alabama, Georgia, Missouri. New Mexico. Tennessee. Texas. Virginia. 
(d) California, Nevada, Utah, Wyoming, Colorado, Montana. Washington. 
(e) Ontario. 
(0  Quebec, Newfoundland, Nova Scotia, Labrador, New Brunswick, Prince Edward Island. 

TABLE 111-37. SHIPMENTS OF IRON ORE (BY STATE) - 1966 

Thousands of Gross TON and Thousands of Dollars 
(Source: United States Bureau of Mines) 

Quantity Value 

Alabama 1.508 $ 8,702 

Minnesota 55,133 499,388 
Michigan 14.377 157,377 

New Jersey, New York, Pennsylvania. Virginia 4 ,511  63, 241 
Utah 1,956 13.478 
Wyoming 1 ,978  19.700 
Other 10.578 92,248 

Total 90 ,041  $854, 134 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  - C O L U M B U S  L A B O R A T O R I E S  
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TABLE 111- 38. PRODUCTION, RECEIPTS, CONSUMPTION 
AND SHIPMENTS O F  COKE BY UNITED 
STATES IRON AND STEEL INDUSTRY - 
1967 

Coke Movement Net Tons 

Production 
Metallurgical 
Other coke 

57,064,984 
400,113 

Total Production 57,465,097 

Receipts f r o m  
Other s tee l  companies 
Merchant producers  
Other plants of parent  company 

604,354 
3,376,116 

11,238,015 

Total Receipts 15,218,485 
Total Production and Receipts 72,683,582 

Consumption 
Blast  furnaces 
Foundries 

56,204,659 
14.345 

Other uses  216; 408 
Total Consumption 56,435,412 

Shipments to other 
Steel companies 
Outside companies 
Plants  of parent  company 

694,077 
1,134,800 

11,864,037 

Total Shipments 13,692,914 
Total  Consumption and Shipments 70,128,326 
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TABLE 111-39. COKE PRODUCTION BY UNITED STATES 
IRON AND STEEL INDUSTRY (BY STATE) 
- 1967 

State Net Tons 

Massachusetts,  New York 
Pennsylvania 
Maryland, W e s t  Virginia 
Tennessee,  Alabama, Texas, Oklahoma 
Ohio 
Indiana 
Illinois 
Michigan. Minnesota 

21,603,852 

6,898,895 
5,425,566 
7,180,977 
7,730,385 
2,202,976 
3,318,378 - ,  

Colorado, Utah, California 3; 104,068 
Total 59,465,097 

Total (Bureau  of Mines)(a) 64,570,000 

(a) Includes the merchant producers in addition to coke plants associated with iron and 
Steel plants. 

TABLE 111-40. COKE CONSUMPTION BY UNITED STATES 
IRON AND STEEL INDUSTRY (BY STATE) - 
1967 

State Net Tons 

Rhode Island, Massachusetts n. a .  
New York 3,765,987 
Pennsylvania 13, 730,906 
Ohio 9,651,766 
Indiana 7,295,580 
Illinois 4,283,999 
Michigan 4, 122,323 
Minnesota, Missour i  n . a .  
Delaware,  Maryland, Virginia, West Virginia, 

Georgia, Flor ida,  North Carolina 5,111,664 
Alabama 3,556,575 
Tennessee,  Kentucky 975,720 
Oklahoma, Texas,  Colorado, Utah 2,446,281 
Washington, California 1,152,375 

Total 56,435,412 

na - not available. 
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TABLE 111-41. COKE CONSUMPTION BY USES 
IN THE UNITED STATES IRON 
AND STEEL INDUSTRY - 1967 

Use Net Tons 

Blast  furnaces  
Foundries  
Other  Uses 

Total 

56,204,659 
14.345 

216: 408 
56.435.412 

TABLE 111-42. COAL CONSUMPTION BY USES 
IN THE UNITED STATES IRON 
AND STEEL INDUSTRY - 1967 

U s e  Net Tons 

Production of coke 
Product ion of steam(a) 
Other purposes  

Total 

82,698,190 
6,097,949 

780,505 
89.576.644 
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GEOGRAPHIC DISTRIBUTION O F  THE INDUSTRY 

The integrated i ron  and steel  industry in the United States is often divided into 
a r e a s  o r  d i s t r ic t s  to facil i tate statist ical  comparison and grouping of industrial  a r e a s .  
The division into eleven d is t r ic t s ,  a6 used by the American Iron and Steel Institute, is 
i l lustrated geographically in Figure 111-2, and the tonnage of production of raw steel  in 
each of these dis t r ic ts  annually since 1958 is  given in Figure LII-3. The Chicago and 
Pittsburgh dis t r ic ts  produce the most steel  - each  about 24 to 27 million net tons p e r  
yea r .  These rivals a r e  followed in descending o r d e r  by  the Northeast  Coast District ,  
the Youngstown District ,  and the Detroit District .  
tion rate  (St. Louis )  produces about 3 million tons of r aw s tee l  pe r  year.  The fastest  
growing d is t r ic t  in t e r m s  of percentage growth is Detroit, where production has  about 
doubled in the last decade. 

The dis t r ic t  with the lowest produc- 

FIGURE 111-2. STEELMAKING DISTRICTS I N  THE UNITED STATES 

P r e s e n t  Facil i t ies 

Maps of each  dis t r ic t ,  with the names of m a j o r  steelmaking facilities i n  each  
dis t r ic t ,  a r e  given in  Figures  111-4 through III-12. 

Curren t  Modernization and Expansion 

Es t imates  of the total steelmaking capacity (as  differentiated f r o m  production) of 
the U. S. integrated iron and s teel  industry for 1968 va r i e s  f r o m  165 million to a s  high 
a s  192 million net tons of raw steel  p e r  year .  ( 2 )  
many of the idle facil i t ies,  par t icular ly  open-hearth furnaces that have been on a standby 
bas i s .  A m o r e  pract ical  estimate places the cu r ren t  steelmaking capacity a t  155 million 

These es t imates  undoubtedly include 
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FIGURE III-3. RAW-STEEL PRODUCTION IN THE VARIOUS GEOGRAPHICAL 
STEELMAKING DISTRICTS 
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1 
FIGURE III-6. DETROIT DISTRICT 
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FIGURE 111-8. CLEVELAND AND YOUNGSTOWN DISTRICTS 
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FIGURE 111-9. CINCINNATI DISTRICT 

FIGURE 111-10. SOUTHERN DISTRICT 
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tons pe r  y e a r ( 2 ) ,  taking into consideration only those facil i t ies that can be placed into 
operation on shor t  notice. 
Figures  111-13, 111-14 and III-15. 

The changes in  production capacity a r e  i l lustrated in  

Figure 111-13 shows the s ize  distribution of open-hearth furnaces  in 1968, and the 
furnaces  of the respect ive s i zes  that a r e  expected at this t ime to  be removed f r o m  
operation by 1973. 
moved to make room for  additional BOF capacity. 

The open hear ths  removed f r o m  operation a r e  p r imar i ly  those re- 
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FIGURE 111-13. SIZE DISTRIBUTION O F  O P E N  HEARTH FURNACES 
IN THE UNITED STATES 

The t rend  in  installation of BOF capacity i s  i l lustrated in  Figure 111-14. Installa- 
tions planned fo r  operational s ta tus  in  1969 include BOF's  by Armco Steel  a t  Middletown, 
Ohio; Bethlehem Steel  at  Bethlehem, Pennsylvania; U.S. Steel  at South Chicago, Illinois; 
and Youngstown Sheet  and Tube a t  Indiana Harbor ,  Indiana; f o r  a total capacity increase  
of 9 . 9  mill ion net tons in 1969. 
capacity is expected to be placed into operation by Bethlehem a t  Burns Harbor ,  Indiana; 
National Steel-Great  Lakes at Ecourse,  Michigan; Republic Steel  at Buffalo, New York; 
and U.S. Steel  a t  Lorain,  Ohio. 
tional 2 .25 mill ion capacity plant in  operation at the Edgar Thomson Works,  followed in 
1973 by Inland Stee l ' s  2-million-net-ton plant i n  E a s t  Chicago, Indiana. On the basis of 
these expectations,  by 1973 there  will be  a total BOF steelmaking capacity of about 
76 mill ion net tons p e r  yea r .  

During 1970, a n  additional 7 mill ion net tons of BOF 

During 1972, U.S. Steel  i s  expected to place an addi- 
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FIGURE 111-14. TRENDS IN INSTALLED CAPACITY AND RAW 
STEEL PRODUCTION I N  BOF FURNACES 

Electric-furnace steelmaking capacity i s  a lso on the increase .  The s ize  dis t r ibu-  
tion of e lec t r ic -a rc  furnaces is shown in  Figure 111-15. The t rend toward the installa- 
tion of the l a r g e r  furnaces is  evident by the furnaces planned for  installation by 1971. 
The most  recent  announcement involves Republic Steel ' s  plans for  250-ton furnaces  a t  
their  Chicago plant. In 1967, e lec t r ic  steelmaking furnaces accounted for  15 million 
tons of s teel  (11. 9 percent  of the total). This was increased in 1968 to 16 million net 
tons (12.3 percent  of the total). (3) 
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The shift  in the m a r k e t  f o r  steel  products into the Midwest has  been the motivation 
in heavy expansion of steelmaking facilities in the Chicago a rea ,  i n  addition to com- 
pletely new plants a t  Burns Harbor ,  Indiana, and at Hennepin, Illinois. 
expansion in facilities has  taken place in  the Houston, Texas, a r e a  a t  Armco Steel ' s  
existing electr ic  furnace shop and at U.S. Steel 's  e l ec t r i c  furnace plant which is ex- 
pected to be completed la te  in 1969. (4 )  

Considerable 

Future P lans  

Plans for  expansion of steel  companies a r e  usually preceded by purchases  of r e a l  
es ta te  f o r  the plants.  
p roper ty  a t  Corpus Christi ,  Texas.  ( 5 ,  6 ,  The s i te  h a s  deep-water channel access  to the 
Gulf of Mexico, with result ing ocean t ranspor t  possible for high-quality o r e s  f r o m  
South Amer ica .  
the possible construction of steelmaking facilities in  California, as indicated by  i ts  
contractin to purchase approximately 3300 a c r e s  on the north shore  of the Sacramento 
River.  ( 7 , 6  This s i te  a lso has deep-water access  to San Franc isco  Bay and the Pacific 
Ocean, so a s  to improve the feasibil i ty of using high-grade foreign o r e s  in the produc- 
tion of i ron and s tee l  a t  the new site.  

F o r  example, National Steel  recently purchased a large t rac t  of 

National Steel  Corporation a l so  appears  to have long-range plans f o r  

Another future development (this time in technology) is heralded by the construction 
of a plant in Venezuela by the U.S. Steel  Corporat ion to make one million net tons p e r  
year  of prereduced  agglomerate  in  the f o r m  of "high i ron-ore  briquettes".  (9)  The oper -  
a t ion  will make use  of natural  gas to pe r fo rm the reduction operation, a f te r  which the 
briquettes will have been upgraded to an iron content of 86 percent.  ( l o )  The "high i ron-  
o r e  briquettes" a r e  expected to lower transportation cost, reduce coke consumption i n  
the b l a s t  furnace,  and r e su l t  in increased  production of hot meta l  f r o m  b la s t  furnaces.  
This technology has  not yet gained general acceptance in the United States.  Its advent 
i n  Venezula is  prompted by proximity to high-grade o re ,  and availability of natural  gas 
at a pr ice  about one-quar te r  of that in the United States .  

MAKING O F  IRON AND STEEL 

The ma jo r  p rocess  segments  concerned with the making of iron and s tee l  a r e  
descr ibed  br ief ly  in this Section. 
the making of i ron  and s teel  will b e  found in  Appendix A, "P rocesses  in the Integrated 
Iron and Steel  Industry". 

More-detailed descriptions of the various steps in 

In 1967 the integrated iron and s tee l  indus t ry  in the United States consumed 
135,649,000 net tons of i ron o r e ,  8,885,000 net tons of s c r a p  and mill scale ,  
14,422,000 net tons of flux, and 54,917, 000  net tons of coke to make 82,850,000 net tons 
of pig iron. 
ing  127,213, 000 net tons of raw steel  which in t u r n  was converted into 83,897, 000 net 
tons of finished s teel  products. 
integrated iron and steel  industry is  involved in a mass ive ,  continuous, ma te r i a l -  
handling problem.  
contributor to the problem of a i r  pollution by the industry.  

The pig i ron  combined with 65,213, 000 net tons of s c r a p  was used  i n  mak-  

The magnitude of these  quantities shows that the 

Much of this handling which i s  of an intermittent nature,  is a ma jo r  
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Raw Materials 

The major  raw mater ia l s  required to make pig iron (or  "hot metal"  as it is called 
in its molten s ta te)  a r e  i ron o r e ,  coke, l imestone, and air. 
fuels (such a s  oil,  natural  gas ,  coal, and tar)  have been used to lower the coke requi re -  
ment for making iron. 
railroad. Some lump iron o r e  is  used for  making hot metal ,  but about 70  percent of the 
metall ics charged to American blast  furnaces  a r e  agglomerated products such a s  pellets 
and s inter .  

In  recent  yea r s ,  auxiliary 

Raw mater ia l s  a r e  received at  a steel plant by boat, barge ,  o r  

Pellets a r e  made at the mine site by grinding the ore to a very  small s ize  (usually 
less  than 325 mesh) ,  adding a binder, and then forming the o r e  into sma l l  balls o r  pel-  
le ts ,  which a r e  subsequently hardened. P r i o r  to pelletizing, if the o r e  is  low-grade 
(i. e . ,  low in iron content), it  can be beneficiated o r  up-graded by various methods that 
remove unwanted gangue mater ia l s  and r e su l t  in a higher i ron content in the feed to the 
pellet plant. 
i n  the blast  furnace. 

After hardening, the pellets are shipped to the s teel  plants for u se  direct ly  

Sinter plants, on the other hand, a r e  located a t  the s teel  plant f o r  two reasons :  
( 1 )  s inter  is  friable and does not withstand shipping without degradation, and ( 2 )  sintering 
was initially developed and installed to recover  and convert to a useful f o r m  the o r e  
fines,  blast-furnace flue dust, mill scale ,  and other iron-bearing mater ia l s  that could 
not be used directly as charge to a blast  furnace. Advancing technology showed that a 
properly prepared  s in te r  would r e su l t  in still fur ther  improvements in productivity i f  
even good o r e  was crushed and made into s in te r .  This was the motivation f o r  the con- 
struction of many s inter  plants. 

Although coke is the ma jo r  fuel and reducing agent used to make hot me ta l  in b l a s t  
furnaces,  coke is made f r o m  still another raw mater ia l  (coal) .  Coal received f r o m  the 
mines (again by  boat, barge ,  o r  r a i l road )  is usually l e s s  than 1/2-inch in  maximum 
size.  It is crushed and ground fur ther ,  blended with other coals,  and then charged into 
coke ovens for conversion to coke. Conversion takes place by subjecting the coal to in- 
direct  heating in long, thin ovens, for periods of 16 to 20 hours.  During the coking 
operation, coke-oven gas,  t a r ,  and o ther  by-products a r e  collected. The coke-oven 
gas i s  used for heating the coke ovens, and f o r  other in-plant use. The ta r  and other 
mater ia l s  a r e  recovered and p rocessed  in the by-product plant. On completion of the 
coking cycle, the coke is pushed f r o m  the ovens into a special  c a r ,  which c a r r i e s  it to 
a quenching tower where the incadescent coke is quenched by a deluge of water.  
coke is then crushed and screened  p r io r  to its use  in the blast  furnace.  

The 

Limestone is  crushed and screened  to s i z e  a t  the qua r ry  s i te ,  and is received at  
the s teel  plant in the proper  s ize  f o r  use  in the b l a s t  furnace. 
in steelmaking is  prepared  i n  l i m e  kilns a t  the qua r ry  s i te  and shipped to the s teel  
plant ready for use.  
a t  the steel  plant. 

Similarly,  l ime  required 

However, there  is a growing tendency to calcine l imestone to lime 

The l a rge  amounts of raw ma te r i a l s  needed to make hot metal  requi re  extensive 
storage facil i t ies a t  the s tee l  plant to ensu re  a continuity of operation. 
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Making I ron  

The prepared  ma te r i a l s  (coke, iron o re ,  pellets,  s inter ,  and flux) a r e  placed in 
a t ransient  s torage  in the blast-furnace stockhouse, f r o m  which they a r e  withdrawn in 
weighed fractions and charged into the top of the b l a s t  furnace via a skip hoist. 
lectively these solids a r e  called the "burden". The newest b l a s t  furnaces constructed 
in  the United States consume such a vast  quanity of ma te r i a l s  that continuous conveyor 
belts a r e  used f o r  charging r a the r  than the intermittent-operating skip hoist, but this is 
not  yet a common pract ice .  

Col- 

The heat energy  necessa ry  to affect the requi red  chemical  reactions between the 
iron o r e ,  pellets,  s in te r ,  and flux is  supplied by blowing air (preheated to tempera tures  
of 1600 to 2000 F) into the bottom of the blast  furnace  via  blowpipes known a s  "tuyeres". 
The heat energy  also s e r v e s  to maintain the pig i ron  in a molten state and a t  a temper-  
a ture  such that the i ron can be removed f r o m  the furnace by  "casting". The coke in the 
combustion zone a t  the tuyeres does not burn to carbon dioxide. 
t empera ture  (about 3500 F to 3600 F) and the presence  of the l a rge  amount of carbon in 
the f o r m  of coke, carbon monoxide is formed and passes  on up through the solid burden 
where i t  takes p a r t  in  some of the chemical reactions necessa ry  to produce metall ic 
i ron.  The excess  of carbon monoxide (diluted with carbon dioxide, nitrogen, and mois -  
tu re)  pas ses  off the top of the b l a s t  furnace, and is collected for  use  a s  a fuel to heat the 
a i r  blown into the b l a s t  furnace and for  o ther  in-plant heating purposes,  

Because of the high 

The hot me ta l  produced in the blast  furnace and the liquid s l ag  (which is a fused 
mixture  of the flux and impurit ies removed f r o m  the ore ,  pellets,  s inter ,  and coke) a r e  
removed periodically f r o m  the blast  furnace.  The hot meta l  is "cast", while the slag is 
said to be "flushed". 
torpede ladles (because  of their  elongated shape) for t r a n s f e r  to the steelmaking plant. 
Slag is  disposed of a t  a dump, o r  it may be granulated to produce an  aggregate that is 
sold. 

Hot metal  is  cast  into special  containers called submarine o r  

Although a lmost  all pig i ron in the United States  is made in blast  furnaces,  another 
type of processing of i ron  o r e  to meta l  is jus t  s tar t ing to make its commerc ia l  appear-  
ance. 
the b l a s t  furnace.  
c e s s e s .  
although the meta l l ic  i ron might subsequently be melted.  
appear  in many variations,  but all use some f o r m  of carbon and/or  some fo rm of hydro- 
gen as fuel and reducing agent. Carbon can be supplied as coal, coke, o r  o ther  hydro- 
carbons.  
Hydrogen is supplied sometimes f rom reformed natural  gas  (when it often appears  in a 
mixture  with carbon monoxide) o r  f r o m  coke-oven gas .  
product usually is a spongy o r  powdered f o r m  of meta l l ic  i ron (still mixed with gangue 
f rom the i ron o r e )  which then is intended f o r  charging direct ly  into steelmaking furnaces,  
much a s  s tee l  s c r a p  is used for steelmaking. 

This i s  "direct  reduction", a name applied loosely to any method that bypasses  
Direct-reduction p rocesses  character is t ical ly  a r e  solid-state pro-  

Direct-reduction processes  
Reduction of the i ron  o r e  to metal  is conducted ent i re ly  in  the solid state,  

Carbon monoxide is  one of the useful f o r m s  of carbon for this purpose. 

Regard less  of the process ,  the 
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Making Steel 

Steelmaking in the United States is  done in  three types of furnaces: (1 )  the open- 
hearth furnace,  ( 2 )  the basic oxygen furnace,  and (3) the e l ec t r i c - a rc  furnace.  
open hearth is a rectangular furnace with a comparatively shallow hearth for containing 
and processing the steel .  Scrap ,  flux, and hot metal  a r e  charged into the furnace via 
several  doors located in the front  of the furnace.  Heating of the charge ma te r i a l s  is 
done with various fuels such as oil,  tar, natural  gas,  and combinations of these.  Steel  
is  produced by  lowering the carbon, manganese,  and silicon contents by oxidation to 
levels des i red  for  the type of s tee l  required.  Impurit ies such as sulfur  and phosphorus 
a r e  also lowered by using slags of appropriate compositions. 
silicon, and manganese contents is accomplished by the addition of oxygen to the charge 
to oxidize these elements  so that the carbon passes  off as carbon monoxide, and the 
si l ica and manganese oxides dissolve in the slag. The older steelmaking technology 
used iron o r e  and air to supply the necessa ry  oxygen, while the newer technology makes 
use  of gaseous oxygen introduced into the molten bath through a water-cooled lance.  
Open-hearth steelmaking requi res  comparat ively lengthy t ime periods,  varying f r o m  
8 to 10 hours for  pract ices  not using oxygen lancing to time periods of 4 to 5 hours  for 
practices using oxygen lancing. 

The 

Lowering of the carbon, 

The bas ic  oxygen steelmaking (BOF)  p rocess  makes use  of a pear-shaped vesse l  
to contain the charge mater ia l s  required to make steel .  As in the open-hearth process ,  
the major  mater ia l s  a r e  hot meta l  and sc rap .  In the bas ic  oxygen process ,  no external 
heat is  supplied to achieve the requi red  lowering of carbon, silicon, and manganese 
contents. Gaseous oxygen is  blown onto the sur face  of the molten charge a t  a very  high 
rate ,  and the hea t  generated by the oxidation of the elements is sufficient to c a r r y  the 
process  to completion and produce steel. Flux (in the fo rm of l i m e )  is charged into the 
ves se l  to f o r m  a s l a g  by combining with the oxides of iron, silicon, and manganese,  and 
to lower the contents of sulfur  and phosphorus in  the.  steel  to acceptable l imi t s .  

The heat necessa ry  to produce s tee l  in  an e l ec t r i c - a rc  furnace is supplied as 
electrical  energy to the charge mater ia l s  which in the majority of ca ses  is solid steel  
s c rap .  Only two steelmaking plants in the United States a r e  known to use  hot me ta l  a s  
pa r t  of the charge in l a rge  e lec t r ic  furnaces.  The s c r a p  used in conventional practice 
is of a high quality, with compositions approximating those requi red  in the finished steel. 
Oxygen (in the f o r m  of o r e  o r  gaseous oxygen) is used to achieve the des i r ed  chemical  
reaction necessa ry  to  produce the steel .  
prevalent method. While mos t  of the stainless and alloy s teels  a r e  made in  e lec t r ic  
furnaces,  in recent  yea r s  the inc rease  in s i z e  of the furnaces,  combined with higher 
powered t r a n s f o r m e r s ,  and a g r e a t e r  availability of s c rap ,  has made electric-furnace 
steelmaking of the plain-carbon, high-tonnage steels competitive in  cost  with the open 
hear th  and with BOF steelmaking. 

The use  of gaseous oxygen is  by far the m o r e  

In all steelmaking pract ices ,  the refined steel  is tapped f r o m  the furnace into 
ladles,  af ter  which it is  transported to a n  adjacent a r e a  of the s teel  plant where it is 
cas t  in to  ingots, c a s t  direct ly  into continuous casting machines, o r  ca s t  into p r e s s u r e -  
casting molds f o r  conversion to semifinished products. 
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Manufacture of Semifinished Products 

Molten s tee l  mus t  be converted to some type of semifinished product before it can 
be p iocessed  to the finished products which a r e  e i the r  sold a s  such o r  a r e  sold to other 
intermediate p rocesso r s  for manufacture into finished products. 
converting the molten s tee l  into semifinished products a r e  (1) casting of ingots and rol-  
ling, ( 2 )  continuous casting, and ( 3 )  p r e s s u r e  casting. 

The prac t ice  used to p rocess  most  s teel  into semifinished products involves teem- 

Three  methods of 

i n g  of the molten s teel  into c a s t  i ron ingot molds, permitt ing the s tee l  to solidify, r e -  
moving the ingots f r o m  the mold, and transporting the ingots to soaking pits f o r  heating 
and tempera ture  equalization before  p r i m a r y  rolling. 
and r equ i r e s  l a r g e  amounts of plant space and numerous personnel. 
have been proper ly  heated in  the soaking pits,  the hot  ingots a r e  transported to the 
roughing mil l  where they a r e  rolled into bil lets,  b looms,  o r  slabs for subsequent pro-  
cessing into finished products. 

This technology is t ime consuming 
After the ingots 

Continuous casting of s teel  is a relatively new process that can eliminate much of 
the process ing  requi red  by ingot casting and rolling. 
in  a ladle to the continuous-casting machine, where  it is poured into a water-cooled 
mold in which solidification s t a r t s ,  Solidified s teel  (often with a molten c o r e )  is ex- 
t racted f r o m  the bottom of the mold continuously i n  one o r  severa l  s t rands.  
ified s teel  is cut into des i r ed  lengths for  fu r the r  process ing  into finished products. 
Continuous-casting machines  a r e  designed to produce bil lets,  blooms, o r  s labs ,  depend- 
i n g  on the products to be manufactured in l a t e r  s t ages  in the plant. 
United States has  been toward combining electr ic  steelmaking furnaces with billet and 
bloom continuous -casting operations: and the bas i c  oxygen furnace with l a rge  slab- 
casting machines .  
tons of s teel  in a slab-casting machine.  (This  was achieved by casting five, 300  ton 
heats consecutively, without any stoppage of the continuous casting machine. ) Such 
technology i s  conducive to g rea t e r  economics in the making of steel  products. 

The molten steel is t ranspor ted  

The solid- 

The trend in the 

One operation has succeeded i n  continuous-continuous casting of 1500 

P r e s s u r e  casting is  another new p rocess  that  bypasses the ingot stage in the 
manufacture  of s tee l  products. 
via a ce ramic  tube inser ted  in the steel .  
s u r e  on the sur face  of the molten steel .  
mold, a f te r  which the mold is opened and the s lab removed. 
used to date most ly  for casting stainless s tee ls .  
o n - s t r e a m  in 1969 will produce plain-carbon-steel slabs by the pressure-cas t ing  
p rocess .  

Molten s t e e l  is fo rced  into a large slab-shaped cavity 
The force is developed by exerting air p r e s -  

The s t e e l  solidifies in the reusable graphite 
The process  has been 

However, a plant scheduled to come 

Manufacture of Finished Products 

Billets,  blooms, and slabs (the semifinished products) a r e  processed  into rods,  
b a r s ,  wi re  (wire in this s ense  may be a s  l a r g e  a s  1-inch in  d iameter ) ,  angles, channels, 
s t ruc tu ra l s ,  plate, sheet,  and s t r i p  depending on the par t icular  capabilities of a given 
plant. 
products. P r i o r  to the rolling operation, the bi l le ts ,  blooms, and slabs a r e  inspected 
so that defects potentially detrimental  to the finished products may be removed by chip- 
ping, grinding, o r  scarf ing,  

Rolling i s  the method used to convert  the semifinished products into finished 

After this "conditioning" operation, the bil lets,  blooms, o r  
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s labs  a r e  heated in  special  reheating furnaces .  
and a f t e r  an appropriate soaking t ime,  the semi-finished products a r e  removed f rom the 
furnaces and rolled in highly specialized m i l l s .  

On reaching the required temperature  

Fur ther  processing of the products m a y  take place in  the s tee l  plant before ship- 

The coatings a r e  applied pr imar i ly  to the sheet  and s t r i p  
ment  is made. This may include annealing, cold-rolling, galvanizing, tin electroplating, 
painting, o r  plastic coating. 
products.  

REFERENCES FOR SECTION I11 

Census of Manufacturers,  United States  Department of Commerce,  1963. 

"Steel Capacity: 165 Million Tons", American Metal Market ,  Feb rua ry  14, 1969, 
p. 2 .  

Roche, J. P . ,  " Y e a r  End Statement;  Steel  Market  Regis ters  Record Growth in 
1968'1, Blast  Furnace and Steel Plant  

"U.S. Stee l ' s  Works to Take Shape Soon", Blast  Furnace and Steel  Plant,  - 55 ( l l ) ,  
p. 1049 (November,  1967). 

57 ( l ) ,  p .  51 (January,  1969). > -  

"National Steel  to Purchase  Large  Texas Tract" ,  Blast  Furnace and Steel  Plant,  
- 56' (12) ,  p. 1063 (December,  1968). , 

"Signs Contract to Buy Corpus Chr is t i  Site", I ron and Steel  Engineer,  45 (12) ,  
p. 159 (December,  1968). 

"National Steel  Plans West Coast  Output", Metal Working News, November 13, 
1967,  p. 12. 

"National Steel  to Buy California Property" ,  Blas t  Furnace and Steel Plant,  55 (12) ,  
p. 1123 (December,  1967). 

- 

"U.S. Steel  to Make Iron O r e  Briquettes in  Venezuela", The Iron Age, - 201 (21),  
p. 26 (May 23, 1968). 

"Venezuelan O r e  Beneficiation Plant  Under Construction", Blas t  Furnace  and 
Steel Plant,  - 56 (12), p. 1108 (December,  1968). 
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SECTION IV 

PROJECTIONS REGARDING STEEL-INDUSTRY GROWTH 
AND CHANGES I N  PROCESS TECHNOLOGY 

The purpose of this section is to analyze and project  the nature and extent of 
changes expected to take place in  the integrated i ron  and s t ee l  industry between now and 
about the year  1980. 
effects  upon air-polluting emissions.  
wide variety of information sources ,  including the published l i terature ,  plans of various 
industrial  companies,  s ta t is t ical  repor t s ,  and fo recas t s  and analyses  p repa red  by 
Battelle during many other projects  recently conducted o r  current ly  in  process .  
Although some of the projections r e s t  upon a background of ha rd  s ta t i s t ics  and solid 
technological information, the projections in  m o s t  ca ses  a r e  s e t  by judgmental  evalu- 
ations after thorough analysis of all the available and pertinent inputs. 

Emphasis  is focused on changes expected to be g rea t e s t  i n  their  
The background fo r  these projections includes a 

Anticipated Growth in  Production and 
ConsumDtion of Raw Steel 

The steelmaking capacity of the United States is  about 155 to 160 mill ion net tons* 
of raw s tee l  pe r  year .  
of any par t icular  installation depends heavily on how it  is operated. 
stantly changes; new faci l i t ies  a r e  always under  construction, obsolete faci l i t ies  a r e  
being dismantled, while existing equipment is being modified. 

There  is no "official" s ta tement  of capacity, because capacity 
The capacity con- 

Steelmaking capacity is so ha rd  to define that the AIS1 has  abandoned its old 
pract ice  of annually issuing a new rating. 
equipment can  be operated fo r  considerable per iods at  above its "nominal capacity". 
A few months during the f i r s t  half of 1968 exemplified such a situation - production 
was high in  anticipation of a possible s t r ike.  Many furnace installations operated con- 
siderably above their  nominal capacity. 
without s e r ious  equipment o r  labor  troubles is speculative, but i t  is likely that the r a t e  
that was probably in  excess  of "nominal capacity" could not have been continued 
indefinitely. Thus, the "annual capacit ies" presented  h e r e  are in  a sense  integrated 
over a per iod of a year ,  using judgment and some  speculation as to how long and how 
g rea t  temporary displacements may be in  future  years .  

Part of the difficulty is that the steelmaking 

How long this condition could have continued 

In 1967, capital  expenditures for  expansion and modernization of the domestic 
s t ee l  industry were  about $ 2 . 3  billion. 
oxygen steelmaking furnaces ,  e lec t r ic  steelmaking furnaces ,  and continuous-casting 
faci l i t ies .  The new steelmaking furnaces  will rep lace  existing open-hearth furnaces  
to a large degree.  

A large p a r t  of the outlay went fo r  basic-  

qhroiighout this section, "tons" are net tons of 2000 pounds. 

B A T T E L L E  MEMORIAL I N S T I T U T E  - COLUMBUS L A B O R A T O R I E S  



IV-2 . ". 
t i onof  steelmaking in  the United States. 
in  the Midwest, especially near  the Chicago m a r k e t  a rea .  

.'In recent  years ,  there have been important shifts in  the geographical concentra- 
Most significant is the buildup of new capacity 

The growing West Coast  marke t  has  often been investigated by interested s tee l  
companies ,  but competition f r o m  Japanese s tee l  p roducers  has  been a big factor tending 
to discourage U. S .  companies f r o m  establishing additional West Coast steel-producing 
faci l i t ies .  
integrated steelmaking installations wil l  be built b y  U. S. companies on the West Coast 
i n  the cour se  of the next decade. 

Despite this competition f r o m  ove r seas  producers,  i t  is likely that new 

The annual production of raw steel  in  the United States since World W a r  11 has 
fluctuated f r o m  a low of jus t  over 66 million tons i n  1946 to a high of 134 million tons 
in  1966. In 1967, the production was  127 mill ion tons. "Raw steel" is  i n  the f o r m  of 
ingots o r  continuously c a s t  billets o r  slabs and is converted to a lower tonnage of 
finished steel. 

The production of r aw steel for  1960 and 1967 and projections to 1980 a r e  given 

These fo recas t s  of 
in  Table IV-1. 
about 157 mill ion tons i n  1975 and about 180 mill ion tons in  1980. 
total production are based p r imar i ly  on judgments concerning 1975 and 1980 technology 
and on U. S .  input-output tables p repa red  by Battelle'  s Socio-Economic Research  Group 
as p a r t  of i t s  Aids to Corpora te  Thinking program.  

Annual production of raw steel  in the United States is  projected to reach  

-- - 
TABLE IV- 1. PRODUCTION (1000 NET TONS) O F  RAW STEEL 

IN THE UNITED STATES, BY TYPE O F  FURNACE, 
AND PROJECTIONS O F  PRODUCTION TO 1980 

Source: Annual Stat is t ical  Report, American I ron  
and Steel Institute, 1967. Fo recas t s  by 
Battelle. 

Bas ic  -Oxygen Electr ic  Open 
Year Hear th  Bessemer  Furnace  Furnace  Total 

1960 86,368 1189 3,346 8 ,379  99,282 

1967 70,690 (a ) 41,434 15,089 127,213 

1975 44,000 - 80,000 33) 000 157,000 

- 1980 36,000 99,000 45.000 180.000 
~~ 

(a )  Included with open-hearth production; 278, 000 tons of Bessemer steel were reported in 1966. 

Product ion fo recas t s  of raw steel  in  the United States by seve ra l  other organiza- 
tions o r  individuals a r e  summar ized  in Table IV-2, which shows that the estimated 
annual production of r aw s tee l  for  1975 va r i e s  f r o m  145 to 180 million net tons. 
1980, the e s t ima tes  v a r y  f r o m  176 to 184 million net tons per year.  

F o r  
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TABLE IV-2. U.S. PRODUCTION O F  RAW STEEL, 
AS FORECAST B Y  VARIOUS SOURCES 

Source 

i Million Ne t  Tons 
1975 1980 

UN/ECE Steel Committee 163 184 
(current  study) (a) 

H. S. Harrison, Cleveland-Cliffs 148 
Iron Co. (October, 1965) 

F. K. Maxcy, J r . ,  Pi t tsburgh -145 
Steel Co. (October, 1966) 

F. Jaicks,  Inland Steel Co. 
(September, 1966) 

165 - 

Chemical Week (September 24, 1966) 171 
(September 24, 1966) 

Iron Age (January 6,  1966) 180 - 

Dr.  P i e r r e  Rinfret, Lionel D. Edie & 170 - 
Co. (September, 1962) 

Resources  for  the Future  (Medium 
Forecas t )  (September, 1962) 

- 176 

Arthur  D. Litt le,  Inc. (December, 1962) -160 -180 

(a )  Forecast in a draft report made public a t  a meeting in Geneva, October 16-20, 1967. Report 

was to be published before June. 1968. 

Production of s tee l  in the United States by geographical a r e a  for  1960 and 1967 and 
The forecas ts  by a r e a  are based on the most  

The Chicago a r e a  is expected to continue to be the 

forecas ts  to 1980 a r e  given i n  Table IV-3. 
recent  5-year average production indexes published by the AISI, as adjusted to mee t  
tonnage forecas ts  for 1975 and 1980. 
la rges t  producer of s teel  in the United States, and Pittsburgh is  expected to remain  in 
second place. On a percentage basis,  the Detroit  a r e a  is expected to show the f a s t e s t  
future  growth, Production of raw steel  in the Pit tsburgh, Youngstown, and St. Louis 
a r e a s  is expected to grow a t  a slower ra te  than for  other a r e a s  i n  the United States. 

The apparent per-capita consumption of raw s tee l  in 1960 and 1967 and forecas ts  
to 1980 a r e  given i n  Table IV-4. 
the raw-steel  equivalent of imported s tee l  to U. S. production and subtracting the raw- 
s t e e l  equivalent of exports,  then dividing by the population, 
consumption for  1975 and 1980 was based on the assumption that imports  of s teel  would 

Apparent per-capi ta  consumption is calculated by adding 

The projected per-capita 
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TABLE IV-3. PRODUCTION O F  RAW STEEL,  BY AREA, IN 1960 AND 
1967 AND FORECASTS TO 1980 

Millions of Net Tons 

A r e a  1960Ca) 1967(b) 1975 1980 

Chicago 20.80 26.45 33.10 37.80 

Pittsburgh 20.10 24.45 27.30 31. 10 

Northeast  Coast 14 .35  17.65 20.80 24. 50 

Youngs town 8 . 3 5  9. 90 10. 90 12. 50 

Detroi t  6 . 5 0  9. 15 14.80 16. 90 

Western 6.  15 8 .  25 10.20 11. 70 

Southern 5 . 6 5  8 . 2 5  10.30 11. 70 

Cleveland 5 . 5 5  6. 80 9 .00  10.30 

Buffalo 5.20 7. 25 9 .00  10.30 

Cincinnati 4 .00 5.75 7 .80  8 .  90 

4. 30 St. Louis 2.65  3. 30 3.80 

Total  99.30 127. 20 157.00 180.00 
- - - - 

~~ ~ ~ _ _  ~~ ~~~~~~~~~ 

(a)  Estimated from steel-production indexes published by AISI. 
(b)  Preliminary breakdown by area gave production at 126.9 million net tons. This was adjusted up to 127.2 million net tons 

IO be consistent with AIS1 Statistical Yearbook. 

B A T T E L L E  MEMORIAL I N S T I T U T E  - COLUMBUS LABORATORIES 

P 
2 
1 
t 
1) 
1 
1 
I 
1 
I 
1 
I 
u 
I 
1 
E 
B 
I 
I 
I 
1 
I - 



IV-5 

I 
0 
1 
1 
8 
i 
I 
I, 
I 
1 
3 
3 
1 

Y 
J 
1. 
t 
1 
I 

I 
a 

amount to 10 percent of the U. S. production of raw steel  and that exports would amount 
to 2 percent. 
f r o m  1408 pounds i n  1967 to 1598 pounds by 1980. 

The apparent per-capita annual consumption of s teel  is  expected to r i s e  

TABLE IV-4. APPARENT PER-CAPITA CONSUMPTION OF RAW STEEL 
IN THE UNITED STATES FOR 1960 AND 1967 AND 
PROJECTIONS TO 1980 

Apparent Consumption of Per -Capi ta  Raw 
Population(a), Equivalent Raw Steel, b) Steel Consumption, 

Year millions million net tons pounds 

1960 

1967 

1975 

1980 

180. 7 

199. 2 

223.8 

243.3 

99.5 

140.2 

169.6 

194.4 

1101 

1408 

1516 

1598 

(a)  1980 population estimate from Series B projection by U. S. Bureau of Census. 
(b)  Raw-steel production, plus imports, minus exports of mill productr: both of the latter converted to raw steel 

equivalent based on 75 percent yield. 

The foregoing es t imates  of consumption a r e  based on a net importation of s t e e l  
products in  a n  amount equivalent to 8 percent of the annual U. 
experience of 1967 and 1968 suggests that this net difference could reach  o r  even exceed 
20 percent by 1975 o r  1980. It is possible to speculate on the future net difference, but 
i t  is impossible to prove any assumption that might be made. The net difference will be 
affected not only by relative costs  of producing s teel  in  various countries but a lso by 
Governmental policies and by voluntary quota arrangements .  In the case of the United 
States, the uncertainty about the net difference between impor ts  and exports is caused 
mainly by the uncertainty about the amount of impor ts ;  the amount of exports is expected 
to fluctuate relatively little f r o m  year  to year.  The net difference of 8 percent  used in  
the present  es t imates  is reasonably defensible on a judgmental basis. To the extent that 
history proves it to be in  e r r o r ,  an  increase  i n  net impor ts  will detract  f r o m  projected 
U. S. production of s teel  r a the r  than increase  projected per-capita consumption. 

production. The 

Anticipated Growth in  Production and 
Consumption of Pig I ron  

The production and apparent consumption of pig i ron for 1960 and 1967 and f o r e -  
ca s t s  to 1980 a r e  given in  Table IV-5. 
ratio of apparent total pig-iron consumption to raw-steel  production has  ranged between 

During the 18-year period f r o m  1950 to 1967, the 
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a low of 0. 651 and a high of 0.691. 
the rat io  of pig i ron to r aw steel. 
steelmaking at  the expense of the open-hearth p rocess .  In 1967, the rat io  dropped 
slightly as the production of electric-furnace s tee l  increased  percentagewise. 
future,  the rat io  of pig i ron  to r aw s tee l  is expected to r ema in  a t  0. 68 as BOF and 
electric-furnace steelmaking continue to inc rease  a t  the expense of the open-hearth 
p rocess .  

The t rend  up to 1966 was f o r  a gradual increase  in  
This was  the r e su l t  of an  increase  in tonnage of BOF 

In the 

TABLE IV-5. PIG-IRON REQUIREMENTS FOR THE UNITED STATES 
IN 1960 AND 1967 AND PROJECTIONS TO 1980 

Apparent Consumption 
Raw Steel Produced, of P ig  Iron, Ratio of P ig  Iron/ 

Year millions of net tons millions of net tons Raw Steel 

1960 

1967 

1975 

1980 

99. 3 

127. 2 

157.0 

180.0 

66.5 

87. 0 

106.8 

122.4 

0 .670  

0.684 

0.680 

0.680 

Anticipated Growth in  Consumption of Iron Ore 

The depletion of domestic direct-shipping iron-ore deposits during the pas t  20 yea r s  
has caused the United States to re ly  increasingly on  outside sources.  
fores ta l l  continuation of the trend, domestic producers  and consumers  of i ron o re  turned 
to the upgrading of relatively low-iron domestic o r e s ,  such as taconites. 
of the taconite beneficiation p rogram has  in  turn affected the physical and chemical  speci- 
fications of imported ores .  

Ln an  effort to 

The success  

The consumption of i ron o r e  (and its derivatives) by the i ron and s tee l  industry i n  
The the United States in  1960 and 1967 and projections to 1980 are given in  Table N-6.  

consumption in  1967 was about 132 million net tons. 
be about 158 million net tons, with about 179 mill ion net tons expected in  1980. The ratio 
of the consumption of i ron  o r e  (and derivatives) to production of pig i ron  was 1.47 in  1967 
and is expected to dec rease  to 1 .44  by 1980, because the average i ron  content of the o re  
h a s  gone up with the increased  use  of pellets i n  the blast  furnace.  This trend is expected 
to continue. 

Consumption i n  1975 is  projected to 
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TABLE IV-6. CONSUMPTION O F  IRON ORE AND DERIVATIVES IN 
THE IRON AND STEEL INDUSTRY IN THE UNITED 
STATES AND PROJECTIONS TO 1980 

Iron Ore  and Agglomerates Used, (a) 
1000 ne t  tons Total Consumed, Tons of Ore  

Year In Blas t  Furnaces  In Steel  Fu rnaces  1000 net tons Per Ton of I ron 

1960 106,260 8 ,250  114,510 1 .60  

1967 128,045 4, 266 132,311 1.47 

1975 155,000 3 ,500  158,500 1.45 

1980 176,200 2,800 179,000 1.44 

(a) Includes lump ore and ore fines used for Sinter. pellets. briquettes. and nodules. 

Changes i n  percentages of the different f o r m s  of o re  consumed in the United States 
and forecas ts  f o r  future  consumption are given in Table IV-7. 
upgrading has  increased  rapidly during the pas t  12 years ,  and the t rend is expected to 
continue. 
s inter  and pellets are expected to be over 80 percent  of the blast-furnace burden. 
will tend to reduce the amount of dust  produced p e r  ton of pig i r o n  i n  the blast  furnace.  

Burden preparat ion and 

Sinter and pel le ts  represented  about 65 percent  of the burden i n  1967; by 1980, 
This 

TABLE IV-7. PHYSICAL FORM OF IRON ORE CONSUMED IN THE 
UNITED STATES AND ESTIMATES TO 1980 

Lump Ore  Sinter Fines  (a) Pel le ts  Total 
Millions Millions Millions Millions 

Year of Tons Pe rcen t  of Tons P e r c e n t  of Tons Pe rcen t  of Tons Pe rcen t  

1960 62. 0 54. 1 41.5 36. 3 11.0 9 . 6  114.5 100.0 

1967 46.7 35 .3  42. 2 31. 9 43.4 32 .8  132.3 100.0 

1975 31 .7  20. 0 46. 0 29. 0 80. 8 51. 0 158. 5 100.0 

1980 34 .9  19. 5 48 .3  27. 0 95. 8 53.5 179.0 100.0 

- 
(a) Includes only iron-ore fines ured for making sinter. Far example. sinter production in 1967 was 51.6 million net tons bur 

required only 42.2 million tons of iron-ore fines. The remainder was supplied as mill scale, dust, fluxes, and the like. 
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As s t ee l  companies pay increasing attention to  air quality, they direct  their  atten- 
tion in  two direct ions - (1)  production of lower amounts of pollutants by the processes  
and ( 2 )  collection of pollutants to avoid their  emiss ion  into the atmosphere.  The second 
of these cour ses  r e su l t s  in  the accumulation of la rge  amounts of fine par t ic les ,  many of 
which a r e  contaminated in  some way that makes  them unsuitable f o r  recycling into the 
p rocesses  as those p rocesses  a r e  now being run. 
cost  for  disposal,  and this cost  i s  i n  addition to the cost  of collection. 
dusts have actual by-product value.  Research  i s  needed to develop bet ter  means fo r  the 
disposal of such ma te r i a l s .  The mos t  logical concept would involve recycling within the 
s teel  plant,  but attainment of this will require  fu r the r  development of recycling schemes 
and modification of the steelmaking processes  to accept such recycled ma te r i a l s  without 
intolerable technological o r  economic penalty,  

Many of these “dusts“  introduce a 
Few of these 

Anticipated Changes in  I ron  and Steel P r o c e s s  Technology 

The continued growth of the i ron  and s t ee l  industry in  the United States has  
resu l ted  in  gradual  changes and improvements  i n  processing technology. 
have been evolutionary r a the r  than drast ic  o r  rapid. 
within the pas t  10 years ,  and gradual evolutional changes a r e  expected to continue. 
Modernization and expansion p rograms  have been conducted by mos t  of the s tee l  com- 
panies during the 1960s aimed a t  improving the competitive position of the American 
producer .  Marginal and poorly productive faci l i t ies  a r e  gradually being shut down o r  
phased out, but the industry probably will  continue f o r  decades to contain a substantial  
amount of marg ina l  equipment. 

Most of these 
Many changes have taken place 

With r e spec t  to the manufacture of i ron  f r o m  ore,  the blast  furnace will r ema in  
by far the ma jo r  production unit, More pig i ron  wil l  be produced each year  in  fewer 
b las t  fu rnaces  that will, on the average, become l a r g e r  and have higher productivity 
p e r  furnace.  
relatively minor  in  overa l l  importance as ironmaking p rocesses  in  the United States a t  
l ea s t  until 1975, but these prac t ices  a r e  expected to  find increasing application outside 
the United States.  

E lec t r i c  smelting and direct  reduction of i ron  o r e  a r e  expected to be 

With r e spec t  to steelmaking in the United States,  the BOF process  and the e lec t r ic -  
Vacuum furnace p rocess  will continue to grow at the expense of the open-hearth process .  

degassing of s tee l  and continuous casting will a s sume  increasing importance over  the 
next two decades.  
s t ee l  plants (“mini  s t ee l  plants”)  will increase ,  but the la t te r  will account for  relatively 
l i t t le tonnage of steel .  
plants will continue to pose the major  problems. 

Large s t ee l  plants will tend to become l a r g e r  and the number of small 

F r o m  an  overal l  air-quality viewpoint, the large integrated 

Process ing  of I ron  Ore a t  o r  
Nea r  the Source of the Ore 

Process ing  of i r o n  o r e  includes al l  s teps  in  beneficiation and agglomeration as well 
as reduction (smelt ing)  of the o re  to metal:  
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(1) There will be a continuing strong t rend toward c loser  sizing of lump ore.  
There is  no uniformity f r o m  company to company a s  yet on specifications 
f o r  size of lump ore ,  but the t rend is  f o r  the upper dimensional l imit  to 
become smaller .  The t rend i n  s ize  is toward something like plus 1/4 inch 
by minus 1 inch. The allowable percent  of minus 1/4-inch mater ia l  will 
a lso t rend downward. 
lump o r e  during sizing operations will  be used as sinter f ines o r  will be 
ground fur ther  for  pelletizing. 

( 2 )  There  is expected to be a continuation of a present  strong t rend toward 
fur ther  upgrading of the chemical quality of o r e  as mined ( increased 
i r o n  content and decreased gangue content). This will be accomplished 
through the following: 

Fines  generated f r o m  the crushing and grinding of 

(a) Probable increase  i n  the use of autogenous grinding 
when the charac te r i s t ics  of the o r e  permi t  

Use of grinding equipment of la rger  s ize  

Wider application of m o r e  sophisticated beneficiation 
pract ices  

(d)  Possible  application of reduction roasting, followed 
by magnetic beneficiation of hematit ic taconites and 
other o r e s  amenable to  such a p rocess  

( e )  Construction of additional new large oxide pellet plants 
at or near  iron-ore mines to permi t  broader  use of f ines  

Probable establishment during the 1970s of direct-  
reduction plants at  o r  near  o r e  mines to produce 
prereduced mater ia ls .  
be discussed la te r  i n  this section. 

(b) 

( c )  

( f )  

The use  of this mater ia l  will 

Coke Ovens and Coke Production 

Coke production reached i t s  peak in 1953 with an annual output of 78 million tons 
and bottomed out i n  1962 a t  51 million tons. 
production was 67 million tons. 

In 1966 (a record-tonnage steel  y e a r ) ,  coke 

Improvements in blast-furnace technology during the past  15 years  have lowered 
by 30 percent the amount of coke necessary  to produce 1 ton of hot m e t a l ,  
has  been put into new coke ovens because of the grea t  number of coke ovens installed 
f rom 1950 to 1960 (5,617 ovens accounting f o r  52 percent of the total number of ovens 
operating in 1969), and commitments to other ma jo r  projects f rom 1960 to date. Of 
the total number of coke ovens in operation in 1969 a t  i ron and s teel  plants,  32 percent 
a r e  over 20 years  old, 52 percent  a r e  between 11 and 2 0  yea r s  old, and 16 percent a r e  
l e s s  than 10 yea r s  old. 
much of  the 32 percent increment will be replaced with new ovens, and af ter  that there  
may  be a heavy period of coke-oven construction to replace much of the 52 percent i n -  
crement .  If research  and development i s  to be done to replace the slot-oven method of 

Little capital 

F r o m  this information, i t  is likely that within the next 10 years ,  
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making blast-furnace coke, the work should be completed by 1980 before the period for  
replacement of the 52 percent  increment of coke ovens a r r i v e s .  

During the pas t  8 years ,  conventional by-product slot-type ovens have produced 
Beehive coke ovens produced the 98 percent  of the coke consumed i n  North America.  

remaining 2 percent.  

Beehive ovens a r e  generally located i n  r emote  a r e a s ,  partially because of their  
air-polluting character is t ics ,  and partially because they tend to be located near  the coal 
mines.  Beehive ovens produce a low-grade metal lurgical  coke that can  be used only for  
a l imited number of applications i n  the s tee l  plant. Although the cos t  of producing bee- 
hive coke m a y  be f rom $3 to $4 per  ton cheaper than producing conventional coke, there  
i s  little interest  in beehive coke. The conventional beehive ovens now in  existence a r e  
most ly  in western Pennsylvania. They may  continue to remain i n  existence a s  a hedge 
to provide r e se rve  cokemaking capacity in case  of an emergency, but, f rom technologi- 
cal ,  economic, and air-qual i ty  aspects  strong arguments  could be mustered  to encour- 
age their  abandonment. 
g r e a t e r  application due to the deteriorating coal chemical marke t ,  

At some future date, nonrecovery type coke ovens m a y  have 

With respec t  to conventional slot-type ovens, there  has  not been much activity or 
success  in the s tee l  industry i n  improving coking practice,  but people directly engaged 
in coking and coke-oven r e sea rch  and development probably will  deny this generality, 
because there  has  been a gradual evolutionary change i n  the direction of better coke for  
blast-furnace use. Nevertheless,  present  cokemaking equipment and pract ices  p e r s i s t  
not because they a r e  real ly  good and appropriate but because there is no proven better 
method a t  this time. 
battery is  one of the mos t  complex procedures  in the steel-plant operation. 
of existing coking facil i t ies is not expected to occur  until the requirements  of blast f u r -  
naces  for coke exceed the capacit ies of existing ovens,  which have high operating costs  
because of their  antiquity (but low allocable fixed charges  for  the same reason) .  

Starting and stopping of a conventional by-product coke-oven 
Replacement 

Of the problems remaining to be resolved in the control of a i r  pollution in the iron 
and s teel  industry,  coke-plant operations a r e  among the worst  offenders as far a s  air 
pollution is concerned. 
aspects  of the process:  
quenching, 

Coke-oven operations cause  a i r  pollution mainly through three 
( 1 )  coal preparation, ( 2 )  coal charging, and ( 3 )  coke pushing and 

In spite of the low amount of new coking-facility construction i n  recent  y e a r s  and 
the advanced age of existing coke plants, s e v e r a l  developments i n  processing a r e  taking 
place which lead to the following expectations about the future:  

An improvement in coke-oven r e f r a c t o r i e s  by changes i n  shape (design), 
composition, density, and the p rocesses  by which the re f rac tor ies  a r e  
produced. 

A shortening of coking time by using higher flue temperatures  and by 
developing methods f o r  r e v e r s a l  of flue-heating gases .  
re f rac tor ies  a r e  essent ia l  f o r  this pract ice .  

More r e sea rch  in coal  petrography to develop a wider range of blends 
of coal f o r  coking. 
proper t ies  of m o r e  than 1200 individual coals  in the United States. 

The improved 

The Bureau of Mines has  determined the coking 
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(4)  The use  of l a rge r  coke ovens capable of producing 80 percent m o r e  
coke p e r  oven than the largest  ovens now in  u s e  in  the United States. 
New ovens a r e  20 fee t  high, 50 feet  long, and 18 inches wide; older 
ovens a r e  10 to 14 feet  high, 30 to 45 feet  long, and 17 to 18 inches 
wide. 

(5)  The development of new coking p rocesses .  
carbonization of coal a r e  under study and development. 
are continuous. To date, no continuous coking p rocess  has  been 
judged suitable by the U .  S. steel  industry. 

(6)  Development of equipment to control, especially, particulates emitted 
into the a i r .  
of really effective control, if applied to operations on U .  S .  coke 
ovens. 

Several new methods for  
Some of these 

New methods cur ren t ly  in use in Europe m a y  fall  short  

( 7 )  Nominal continued improvement in  the strength and composition of the 
coke (but no drast ic  improvement is  foreseen).  

All of the foregoing r e l a t e s  to coke made f r o m  coal. 
to warran t  m o r e  attention than i t  has received in  the past. 
carbon content and l e s s  ash, but these advantages have been m o r e  than offset to date by 
the higher sulfur content of petroleum coke. 
petroleum coke low in  sulfur have been too expensive for  high-tonnage use,  and no break-  
through on this problem appears  to be in sight. 

Petroleum-based coke seems  
It h a s  the advantage of higher 

Currently known p rocesses  for  producing 

The Ironmaking Blast Furnace  

The blast  furnace  will continue to  be the major  producer  of pig i ron  in  the United 
States, as i t  is  throughout the world. 
deal in the pas t  few y e a r s  and has  led to inc reased  productivity of existing and new 
furnaces.  
average s ize  of furnaces  to increase  f r o m  yea r  to year. 

Blast-furnace technology h a s  improved a great  

New furnaces  a r e  l a rge r  than those they replace,  thus causing the s ta t is t ical  

The mos t  important  single factor  that will influence the future of the blast  furnace 
is the continuing growth in  capacity of BOF steelmaking capacity in  the United States. 
The BOF p rocess  uses  a high percentage of hot me ta l  in  i t s  charge ( s a y  70 percent),  and 
the blast  furnace is the ma in  source of this hot metal. 

Size and Number of Blast  Furnaces.  A trend in the United States and elsewhere has  
been to enlarge the inner volume of existing blast  furnaces  during relining and rebuilding. 
Because of the large number of smal l  blast  furnaces  that have been maintained in  opera-  
tion, the average size of the blast  furnaces has  not increased  much during recent  years .  
The mean  diameter  has  increased  from about 2 3  fee t  i n  1960 to about 24 feet  in  1967. 
largest  blast  furnace i n  the United States has  a hear th  diameter  of 32 feet. 

The 

The total number  of blast  furnaces i n  the United States h a s  decreased f r o m  250 in  
1960 to 225 in  1967. 
and undergoing relining) in  1960 was 218 and on January 1, 1967, the number on blast  
was 158. 
was 87 million tons. 

The total number of furnaces  on blast  (excluding those on standby 

Production of pig i ron  in  1960 was 66. 5 million tons and in 1967 the production 
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The average production of pig i ron p e r  blast  furnace per day in  1960 and 1967 and 
The average rose  f r o m  about 1200 net tons projections to 1980 a r e  given in  Table IV-8. 

per furnace  day i n  1960 to a lmost  1600 i n  1967. 
pe r  blast  furnace pe r  day is expected to be about 2200 net tons. 

By 1980, average production of pig i ron 

TABLE 1'7-8. AVERAGE PRODUCTION OF PIG IRON PER U. S. 
BLAST FURNACE P E R  DAY FOR 1960 AND 1967 
AND PROJECTIONS TO 1980 

Average P e r  Blast  Furnace ,  
Year  Total Days in Blas t  net tons/ day 

1960 
1967 
1 975(a) 
1980(a) 

52, 266 
55,414 
55,625 
55,636 

1181 
1570 
1920 
2200 

(a) Projections by Battelle. 

The average production p e r  furnace day will continue to increase  because of the 
re t i rement  of some of the older and sma l l e r  furnaces ,  increases  i n  the s i z e s  of some 
existing furnaces  during relining, and the very l a r g e  s ize  of new furnaces that will  be 
built. Improvements in  controls and in  processing techniques will a l so  augment the 
productivity pe r  furnace, especially for  newer and l a r g e r  furnaces.  Probably little 
money (on a relative bas i s )  will be devoted to improvement  of older and sma l l e r  furnaces. 
Because of these factors ,  the total number of blast  furnaces  in operation i n  the United 
States is expected to decrease,  thus decreasing the number of potential sources  of air 
pollution. 

Changes in  Blast-Furnace Technology. The productivity of blast  furnaces  as a 
c l a s s  has  increased  because they have tended to become l a rge r  on the average, the raw 
ma te r i a l s  have been upgraded, and improved operating techniques have been developed. 
The ma jo r  f a c t o r s  that have affected the recent  pas t  and that a r e  expected to affect the 
future of blast  furnaces a r e  as follows: 

(1)  The increased  use of pellets and s inter  i n  the burden, which provides 
a r i che r  o r e  and less gangue and pe rmi t s  a lower coke rate .  

( 2 )  Emphasis  on burden preparation to upgrade the chemical  composition 
and the physical f o r m  of the burden. 
and limestone provides a more uniform m a t e r i a l  i n  the stack of the 
furnace.  

Sizing of the ore,  s inter ,  coke, 

( 3 )  There  has been some improvement in  the quality of coke used in  the 
blast  furnace. 
and to contain a lower ash  content, so l e s s  coke is  needed pe r  ton of 
i r o n  produced. 

Coke h a s  tended to become somewhat ha rde r  and denser  
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(4)  The use  of higher wind r a t e s  to inc rease  the driving r a t e  of blast  furnaces  
generally and, i n  turn, to r a i se  productivity. 

( 5 )  Increased  top p r e s s u r e  to aid in  controlling the furnace operation when 
higher wind r a t e s  a r e  used. 
been slow and is not expected to be real ly  substantial  i n  the next decade. 

(6)  The use  of increased  blast  t empera ture  to lower coke consumption 
p e r  ton of i ron  and thus to inc rease  productivity pe r  furnace.  
blast  temperature ,  however, is l imited by problems with r ega rd  to 
r e f r ac to r i e s ,  valving, and ducting. 

( 7 )  The injection of cheaper  hydrocarbons to replace some of the coke and 
pe rmi t  use  of higher blast  temperatures .  

(8) Increased use of instrumentation to aid in  controlling the m o r e  modern  
high-produc tion units. 

However, p r o g r e s s  along these l ines has  

The upper 

The productivity of U. S. blast  furnaces  is expected to continue to increase  in  the 
future.  
for  example, even higher wind r a t e s  and b las t  t empera tures  will be used in  the future  
a s  well as higher percentages of pellets and s in t e r  i n  the burden. 

The changes i n  technology jus t  tabulated a r e  expected to inc rease  in  degree;  

The development of new equipment is  expected to extend the prac t ica l  l imits  of the 
processing techniques now being employed. 

In  addition to the established methods of increasing the productivity of the blast  
furnace,  the use of metall ized or prereduced ma te r i a l  m a y  a l so  become an accepted 
practice in achieving additional improvements  in blast-furnace productivity. Limited 
investigations of use of such ma te r i a l  indicate an increase  in productivity of the furnace 
and a decrease  in  coke consumption. 

The improved prevailing technology and expected future changes in  technology of 
u. 
reasons: 

(1)  

S. blast-furnace operations will decrease  air-pollution problems f o r  the following 

The number of operating units is expected to decrease  because of the 
l a r g e r  average s ize  and increased  productivity pe r  unit. 

A decrease  is expected in  the amount of dust  produced pe r  ton of hot 
metal ,  because of constantly improving burdens and lower coke ra tes .  

Improved control, including improved collection and control  of 
emissions, and reduction i n  the number of "slips" that emi t  dust  
into the atmosphere is expected. 

( 2 )  

( 3 )  

Electr ic-Furnace Pig I ron  

Elec t r ic  smelting furnaces  a r e  used in  seve ra l  p a r t s  of the world to produce pig 
iron. 
furnace is well  suited to locations having ready access  to cheap e lec t r ic  power and/or  

Their  pig-iron capacity is about 4. 4 mill ion tons p e r  year .  The e lec t r ic  pig-iron 
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low-strength raw ma te r i a l s  that a r e  not suitable f o r  conventional blast  furnaces .  
c l e a r  distinction mus t  be recognized by the r e a d e r  between electr ic  smelting furnaces 
(now under discussion) and electr ic  melting o r  steelmaking furnaces.  
t ime,  e lectr ic  smelting furnaces a r e  not used for  the production of pig i ron  in the United 
States nor  a r e  they expected to be a m a j o r  factor  in  the production of pig i ron in  the 
United States in  the future .  

A 

At the present  

An electr ic  smelting furnace is being installed near  Mobile, Alabama, at the p r e s -  
ent t ime a s  p a r t  of an operation known a s  the D-LM process.  
o r e  and coal a r e  partially reduced on a traveling grate  and then hot charged into a 
smelting furnace  to complete the reduction of the o r e  to produce molten pig i ron.  
init ial  production capacity is announced at 2 0 0 ,  000 net tons p e r  year.  
of the D-LM process  with r e spec t  to air quality and water  quality control a r e  a s  follows: 

Pel le ts  containing i ron  

The 
Some of the claims 

(1)  Minimum combustion products a r e  generated because coking, agglom- 
erating, and prereduction a r e  all c a r r i e d  out coincidentially. 

Entrainment  of solids during pelletizing i s  minimized because the 
agglomerates  a r e  maintained in  a quiescent bed (nonagitating) and 
the draf t  is exhausted through a f i l t e r  bed of wet green  pellets. 

Di rec t  charge of preheated burden avoids air contamination f r o m  water  
and draf t  quenching of hot intermediate products. 

E lec t r i c  smelting provides endothermal  energy  without d i r ec t  combus- 
tion products. 

W e t  sys tems f o r  grinding, gas cleaning, and returns  t ranspor t  avoid 
secondary dust entrainment. 

Fu l l  water  recycle for mill and cooling sys tems involves extensive 
evaporation which does not requi re  continual discharge of liquid effluent. 

next two decades may s e e  s e v e r a l  m o r e  small electric-furnace pig-iron 
installed in the United States,  but there  a r e  s e v e r a l  reasons  ( in  addition to ra r i tv )  

lants 
1 .  

expect that, in  the aggregate,  they will not be important  contributors to air pollution. 
The components of the facility can be compactly a r r anged ,  and 'the economy of the method 
generally may be expected to  depend upon ful l  u s e  of a l l  by-products which m u s t  be col- 
lected before utilization. 

Direct-Reduction P r o c e s s e s  

Severa l  direct-reduction processes  have been developed to  produce sponge iron o r  
molten pig i ron without the use  of the blast  furnace.  

The D-LM installation mentioned in the discussion on electr ic  smelting is the f i r s t  
commerc ia l  venture of this nature in the United States .  A direct-reduction plant f o r  pro-  
ducing sponge i ron is under  construction nea r  Por t land ,  Oregon. 
capacity is  450,000 net tons a year .  
t r i c  steelmaking furnaces  nearby. 
s t ruc ted  in the United States in the future i f  the first two a r e  successful,  but proliferation 
of such plants in the United States during the next 20 yea r s  is  unlikely. 

Its rated sponge-iron 
The sponge i r o n  will be converted to s tee l  in e lec-  

Other small plants of this type a r e  likely to be con- 
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During the past  10 y e a r s  there  has  been considerable discussion about the eco-  
nomic potential for  la rge  sponge-iron plants in the United States.  
means an  annual capacity of 1 mill ion tons o r  m o r e  of metall ized product. 
Corporation is building such a plant in Venezuela. 
process  of this nature for  which the imminent construction of a plant in the United States 
frequently has  been rumored ,  
plans for  such construction in the United States:  and this means  that it is extremely un- 
likely that there  will be any la rge  U .  S.  plants of this type operational before 1975. 
Conditions 'for economical operation of such plants current ly  favor locations outside the 
United States because of proximity to suitable o r e  deposits, lower labor ra tes ,  lower 
costs f o r  natural  gas and electricity,  and other  fac tors  including political aspects .  
the event that such plants a r e  built i n  the United States, they probably would be located 
near  the sources  of o r e ,  which means  generally remote from present  steelmaking 
centers  and urban a r e a s .  
plants, plus the fact  that they involve new concepts, tends to maximize opportunities 
to build in  truly modern and effective air-quali ty control.  

"Large" i n  this sense 
U. S. Steel  

Standard Oil  of New Je r sey  has  a 

F o r  the m o s t  par t ,  however, there  a r e  no confirmed 

In 

Fur thermore ,  the sophisticated technology involved i n  such 

Basic - Oxygen- Furnace (B OF) Steelmaking 

The annual production of s tee l  in the United States by the BOF process  has 
increased f r o m  about 300,000 tons in 1955 to 41 .4  mill ion tons in 1967. 
that, by 1980, the BOF process  will produce 99 million tons of s tee l  annually in the 
United States.  
that a r e  ma jo r  producers  of steel .  

It is estimated 

Similar  growth in this p rocess  a l s o  is  taking place i n  mos t  other countries 

Of significance in the phenomenal growth of BOF steelmaking is that it is  displacing 
some relatively modern open-hearth shops. 
City Steel Company's new BOF shop that has  replaced production from seven la rge  open 
hearths constructed during and a f t e r  World War 11. 
shops in the United States have been placed on standby o r  have been demolished to make 
way f o r  new BOF capacity. 

One example of the new trend is Granite 

To date, about twelve open-hearth 

Some s tee l  companies a r e  now entering their  second phase of BOF construction 
and a r e  replacing small BOF vesse ls  with l a r g e r  vesse ls .  
Laughlin Steel Corporation a t  Aliquippa, Pennsylvania, has  constructed a new three-  
vessel  (160/190 tons each) shop and ret i red a two-vessel (80 tons each)  plant built i n  
1957: and McLouth Steel Corporation i s  replacing three 60-ton vesse ls  with two 110-ton 
units, with corresponding enlargement of the supporting meltshop facil i t ies.  
Steel Company a t  Midland, Pennsylvania, demolished three open-hearth furnaces  t o  pro-  
vide space f o r  a new BOF shop. 
has  under construction two 265-ton BOF vesse l s  in a shop scheduled for  completion in 
1970 to replace their  No. 1 open-hearth shop consisting of nine furnaces ,  which will be 
dismantled. 
equipment) will remain in use to make open-hearth grades  of s teel  and to  give the com- 
pany continued flexibility to me l t  s c rap  in quantities l a r g e r  than can be handled conven- 
tionally in the BOF vessels .  

F o r  example, Jones and 

Crucible 

Youngstown Sheet and Tube Company at Indiana Harbor  

The No. 2 open-hearth shop (already equipped with air-pollution control 

The first installation in the United States  of a new Japanese gas-collection process  
(OG Process )  will be located in Armco 's  new BOF plant a t  Middletown, Ohio. This 
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p rocess ,  which incorpora tes  a noncombustion technique for  collecting CO gas  and fumes 
f r o m  BOF furnaces  and cleans the gas  by high-energy scrubbing, is now operating over- 
s eas  on twelve BOF furnaces,  with seve ra l  m o r e  installations under construction. 
lehem Steel i s  equipping two 250-ton BOF vesse l s  cur ren t ly  under  construction with 
tubular -membrane  hoods f o r  s t eam production. 

Beth- 

Future  trends f o r  BOF steelmaking in the United States a r e  expected to include the 
following: 

(1) Increased  total capacity, es t imated at 99 million tons annually by 1980 

( 2 )  Replacement of s m a l l  BOF vesse ls  ra ted  a t  30 to 80 tons p e r  hea t  by 
larger vesse l s  with capacit ies of 100 t o  300 tons per  hea t  

(3) Increased use  of waste heat f r o m  fume-collection sys tems as a source 
of in-plant energy. 

These t rends  will reduce the number of open-hearth furnaces  in the United States 
by about 50 percent by 1980. 
problem, because the open hear th  has  been a m a j o r  source of a i r  pollution in the past ,  
especially when oxygen lancing has  been applied. 

This change-over will tend,to alleviate the air-pollution 

Elec t r ic -Furnace  Steelmaking 

The annual production of steel in  the e l ec t r i c - a rc  furnace h a s  increased  f r o m  about 
8 million tons in 1955 to  over 15 million tons in  1967. 
s o  promising that one fo recas t e r  has stated that, within 25 y e a r s ,  U. S. steelmaking 
capacity will be divided between electr ic  furnaces  (45 percent) and BOF furnaces 
(55 percent) - no surviving open-hearth furnaces  a r e  foreseen  by that forecaster .  

The electr ic  furnace 's  future is  

There  a r e  presently about 200 e lec t r i c - a rc  steelmaking furnaces  (over 12-foot 
shell  d iameter )  operational in the United States,  with about 14 in  Canada and another 
17 million tons of capacity under construction. 

As examples  of the trend, Armco Steel Corporat ion is  installing three 22-foot f u r -  
Bethlehem Steel Corporation naces  rated a t  about 150 tons p e r  heat a t  its Butler Works. 

has  announced the construction of an e lec t r ic - furnace  meltshop to replace ten open 
hea r ths  a t  Steelton, Pennsylvania. 
will be equipped with "the mos t  modern faci l i t ies  f o r  dust  collection and fume abate- 
ment". Republic Steel Cor -  
porat ion 's  plant a t  Canton, Ohio, has constructed a n d  placed into operation a new mel t -  
shop housing four 200-ton electr ic  steelmaking furnaces,  each about 26 feet  in d iameter .  
Several  other steel  companies have announced plans to install e l ec t r i c - a rc  furnaces ,  
Each of these undertakings is by a major  s tee l  company that is adding new capacity to 
its plants o r  replacing existing open-hearth capacity by e l ec t r i c - a rc  capacity. 

This Bethlehem complex of three 150-ton furnaces 

Completion of the Steelton shop is  scheduled f o r  late 1969. 

F r o m  the standpoint of the large integrated s tee l  companies, BOF furnaces and 
electr ic  steelmaking furnaces a r e  natural  complements to each  other.  
hea r th  p rocess  had considerable flexibility to accept various rat ios  of hot me ta l  and 
solid-steel  s c r a p .  
furnace each  have less flexibility along these l ines than the open hearth.  

The fading open- 

Considered independently of each  other, the BOF and the electr ic  
But the BOF 
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process  is essentially a hot-metal  p rocess ,  and the electr ic  furnace is  essentially a 
Scrap-based process .  Therefore,  combinations of BOF furnaces and electr ic  furnaces 
cannot only r e s t o r e  the flexibility of the f o r m e r  open-hearth situation but even can extend 
that flexibility. 
growth of the BOF process  will be a strong factor  encouraging paral le l  growth of 
electric-furnace steelmaking in large integrated plants that produce millions of tons of 
s teel  per yea r .  

This is a strong reason  for  the genera l  expectation that the continued 

A notable trend in e lec t r ic  steelmaking involves the use of "high-powered" and 
"ultra-high-powered'' furnaces.  New steelmaking furnaces now a r e  being designed and 
built to  operate f r o m  t r ans fo rmers  of much g r e a t e r  power input than was common only 
a few yea r s  ago. F o r  example, 80,000 kva on a 22-foot furnace (say,  150 tons pe r  heat)  
i s  a high-powered installation, and there  is some discussion that such a furnace may be 
capable of handling power input at a level of even 150, 000 kva. Such installations pe rmi t  
much f a s t e r  meltdown of the s c r a p  charged to  the furnace,  shorten heat t imes,  increase  
the productivity of the furnace,  and, hopefully, will lower steelmaking costs  (but such 
units do involve increased  capital investments and some experimentation that t ruly is  
"large scale"). 

To the extent that s tee l  i s  made in  e lectr ic  furnaces instead of in BOF o r  open 
hearths,  the potential for air pollution is lowered. 
c e s s e s  both have large volumes of effluent gases ,  because both involve la rge-sca le  com- 
bustion and oxidation. 
lower gas and particulate emiss ions  the problem of pollution control is  a difficult one,  
Top-charge furnace emiss ions  combined with those from electrode pa r t s ,  slagging 
spouts, and tapping spouts, make the entrapment  and containment of emissions difficult. 

The BOF and the open-hearth p ro -  

However, even though electr ic  furnace steelmaking produces 

Mini Steel Plants 

Although there  were  a few such plants p r i o r  to the 194Os, about 20 new small s tee l  
plants have been built in the United States since World W a r  11. 
the industry 's  vernacular as "mini s teel  plants". 
they do not smel t  ore ,  but generally mel t  i ron and s tee l  s c r a p  in  e lec t r ic  furnaces to 
produce their  steel .  Steelmaking capacity p e r  plant is  low when compared with large 
integrated plants and averages  about 100,000 tons p e r  year .  
s teel  plants a r e  in a r e a s  that a l s o  contain l a rge  integrated plants, mos t  a r e  in a r e a s  
remote f r o m  high-tonnage steelmaking and have been located p r imar i ly  s o  as to be close 
to  specific local marke t s .  
naces ,  the availability and pr ice  of s c r a p  and of e lec t r ic  energy become important  de t e r -  
minants in the location of such plants. While their  products a r e  sold on the open m a r k e t  
in competition with integrated s teel  plants, the i r  product line is l imited and usually con- 
sists of reinforcing b a r s ,  merchant  rounds, and light shapes. 

These a r e  descr ibed in 
They a r e  nonintegrated plants in  that 

Although a few of the mini  

Because they depend on s tee l  s c r a p  melted in e lectr ic  fu r -  

The total annual production of mini  s t e e l  plants a t  the present  t ime is  variously 
estimated at about 2 o r  3 million tons. 
of s teel  by mini  s teel  plants will r i s e  to about 4 to 5 million tons. 
plants is expected to  increase  to about 35 by 1980. 

By 1980, it is expected that the annual production 
The number of such 

This particular type of steelmaking may present  a problem with air pollution. 
plants a r e  usually located in remote a r e a s  and to date generally have not paid much atten- 
tion to pollution of the air. 
the processing that they use lend themselves  technologically to virtually complete control 

The 

However, the compact nature of the plants and the nature of 
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of emiss ions .  
of low capital investments p e r  ton of steelmaking capacity, and substantial investments 
f o r  a i r -cont ro l  equipment could change the en t i r e  picture of their  economic viability. 
The situation is not unlike that faced by the f e r r o u s  foundry industry in controlling emis -  
sions f r o m  cupolas. Although requirements  f o r  air quality a r e  expected to be a factor  
tending to slow the future growth of min i  s t e e l  plants, it is expected that this de te r ren t  
wil l  be offset  by other f ac to r s  and that such plants will i nc rease  substantially in  number 
during the next two decades.  

The m a i n  de t e r r en t  is that these  plants exist and profit mainly because 

Sponge Iron f o r  Steelmaking 

"Sponge iron" is a product  of the solid-state reduction of i ron  ore .  The reductant 
is  usually carbon, carbon monoxide, hydrogen, o r  some combination of these.  Because 
melt ing is not involved, the product contains the gangue (such  as sil ica) that was origi-  
nally p re sen t  in  the ore .  The terminology regarding this type of product i s  inconsistent. 
F o r  the present  purposes,  the t e r m  "sponge iron" i s  taken to  include "prereduced ore", 
"prereduced pellets", "metallized pellets", and the like. 

The use  of sponge i ron  for  producing carbon s tee l  in e lec t r ic  furnaces has  been 
practiced in Mexico f o r  m o r e  than 10 yea r s .  
in e lec t r ic  furnaces and in  open hear ths  for  producing alloy s teel  since 1941. 
Company of Canada has  conducted many commerc ia l - sca le  experiments  for  producing 
carbon s tee l  f r o m  sponge i ron  in  the e lec t r ic  steelmaking furnace,  with successfu l  
resu l t s .  

Swedish s tee lmakers  have used sponge iron 
The Steel 

When sponge i ron  o r  similar ma te r i a l s  are used in  steelmaking, they generally will 
be used in much the same way that s tee l  s c r a p  present ly  is used. 
some f o r m s  of sponge i ron (particularly metall ized pellets)  lend themselves  to continuous 
charging to  the melting furnace ,  in cont ras t  t o  the conventional batch-charging methods 
now used f o r  scrap.  
the s c r a p  i n  a steelmaking operation with sponge i ron  is unlikely to increase  problems 
of control of emiss ions  and offers an  opportunity (for example, through continuous charg- 
ing) f o r  lowering the amount of such emiss ions .  

An exception is  that 

F r o m  the standpoint of air pollution, replacement  of some o r  all of 

The Oregon Steel Division of the Gilmore Steel  Corporat ion is building an  electr ic-  
furnace shop nea r  Portland, Oregon, that will use  sponge i ron  f o r  producing carbon 
steel .  
450, 000 net tons and therefore  is  a l a r g e r  operation than the so-called mini  s tee l  plants. 
The success  of the Oregon Steel Company operation and other similar facil i t ies now under 
construction around the world will determine the amount of sponge i ron used in  the future 
f o r  e lec t r ic - furnace  steelmaking. Some l a rge  integrated s t e e l  companies ( such  as 
Armco)  a l s o  a r e  considering the use of sponge i r o n  in their  electric-furnace meltshops.  
It is reasonable to expect that about 2 million tons of sponge i ron may be consumed in 
steelmaking by 1975 in  North America.  

The associated sponge-iron facility will have a rated annual capacity of about 

Open-Hearth Steelmaking 

Steelmaking by the open-hearth p rocess  h a s  declined rapidly in the United States 
f r o m  its peak of 103 mill ion tons in 1956 to 70.7 mill ion tons in 1967. 
expected to continue, a s  h a s  been discussed previously in this section. 

This trend is 
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Continuous Casting of Steel 

In the traditional method of manufacture ,  molten s tee l  is teemed (poured) into 
l a rge  cas t - i ron  ingot molds,  in which it is  allowed to solidify. The solidified ingot of 
s teel  then is stripped out of the ingot mold and, af ter  suitable conditioning (surface prep- 
aration and reheating to the des i red  uniform tempera ture) ,  rolled down to sma l l e r  s izes .  
Because the ingots often a r e  very  large,  the rolling mill is  large,  mass ive ,  and, hence, 
expensive. This traditional procedure has  given r i s e  to the pract ice  of rating s teel  p ro-  
duction and capacity in  t e r m s  of "ingot tons". 

Most s tee l  still is  c a s t  by the conventional method just  descr ibed ,  but during the 
pas t  decade a different method called "continuous casting" has  emerged  commercial ly .  
This eliminates the ingot mold and the ingot. Molten s tee l  i s  poured into water-cooled 
copper molds,  f r o m  which the resulting quickly cooled shape is withdrawn continuously 
and cut to des i red  lengths. 
tonnage rating sys t em f r o m  "ingot tons" to " raw steel",  in which the la t te r  t e r m  includes 
ingots cast  in the conventional manner  plus bil lets and slabs cas t  continuously. 

The advent of this new method has  brought a change to the 

Most of the continuous casting units in production before 1968 in  the United States 
have been in  plants with l e s s  than 200,000 tons of annual capacity. 
U.  S. annual capacity for  continuous casting, as reported in  May, 1968, was about 
1. 3 million tons. 
mar i ly  to the production of billets (about 4 by 4 inches) f o r  subsequent rolling into r eba r  
and wire rod. By the end of 1968, the installed U. S.  continuous-casting annual capacity 
was  about 3 .5  million tons, and by the end of 1969 it probably will be about 13 million 
tons. 
s labs  and blooms in l a rge  integrated s tee l  plants.  
capacity is  expected to  be installed by the end of 1972. 

The total installed 

Continuous casting has  been l imited to  date in the United States p r i -  

Thc rapid increase  is a r e su l t  of l a r g e  installations for  the continuous casting of 
An additional 30 million tons of annual 

Even the mos t  optimistic proponents of continuous casting believe that only about 
50 percent of U. S. s tee l  production can eventually be cas t  continuously. However, any 
p rocess  that may be a factor in the production of up to half of all U. S. s teel  introduces 
a drast ic  change in p rocess  technology. 

F r o m  the standpoint of air pollution, continuous casting of fers  considerable poten- 
t ial  f o r  mitigation of air-quali ty problems. The casting operation is conducted a t  a fixed 
location r a the r  than being spread  out over the l a r g e r  a r e a  required by conventional ingot 
molds. 
be made m o r e  effective.  
tinuous casting appear  to  offer fewer  opportunities for  undesirable emiss ions  than do the 
coatings used on the conventional ingot molds. 

Thus, collection sys tems for fumes can be m o r e  localized and, hopefully, can 
Fur the rmore ,  the coatings used to protect  molds during con- 

P r e s s u r e  Pouring 

This process  (originally developed to produce cas t - s t ee l  railway car wheels in  
graphite molds)  is  now being applied to s labs ,  bil lets,  and p res su re -cas t  hollow tubes. 
The process  i s  expected to be used only for  special  alloys and f o r  special  products and 
not to be a major  p rocess  for tonnage s teel  production. 
a problem with p r e s s u r e  pouring. 

A i r  pollution is not likely to be 
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Vacuum Degassing 

Originally developed f o r  application to high-cost alloy and special  forging s teels ,  
vacuum degassing is  rapidly being extended to tonnage grades  of carbon s tee l .  
processing of s teel  lowers  the incidence of r e f r a c t o r y  nonmetallic inclusions in the steel  
and produces high-quality, clean steel  with high consistency. Vacuum degassing may 
provide an economical method f o r  producing continuously cas t  rimming-type steel ,  but 
because of other applications it will probably be used  a t  an increasing rate that will be 
m o r e  rapid than the growth of continuous casting of steel .  
expected to have any m a j o r  effect  on air-quali ty problems,  p r o  o r  con. 
ticulate ma t t e r  that is  generated in the p rocess  is  trapped by the s t eam ejectors  used to 
produce the vacuum. 
r e spec t .  
this gas  was not emitted at this fixed location, it would be emitted somewhere else  where 
collection would be m o r e  difficult. 
be burned o r  emitted f rom s t acks .  
degassing can be a s  high a s  90 cubic feet  p e r  ton (7 pounds), o r  675 cubic feet p e r  
minute,  for an average degassing time of 2 0  minutes .  

Vacuum 

Vacuum degassing is not 
Most of the pa r -  

The e j ec to r s  a c t  s imi la r ly  t o  high-energy scrubbers  in  this 
The g a s  f r o m  a vacuum-degassing unit will  contain carbon monoxide, but if 

Depending on the sys tem,  the carbon monoxide may 
The total amount of carbon monoxide emitted during 

Rolling 

Hot Str ip  Mills. Installation of new hot strip mills in  the United States presently 
i s  a t  low ebb, because a considerable number of new units of this type have been erec ted  
during the pas t  10 y e a r s .  In that period, new wide, powerful, sophisticated units were  
installed,  and many of these a r e  now in production, startup, o r  f inal  stages of construc- 
tion. 
EO-inch hot s t r i p  mill i n  August, 1967. This facil i ty is  powered by a total of 105, 000 hp 
and is computer controlled. 

As one example, the Granite City Steel Company rolled the f i r s t  coil  on its new 

The installation and modernization of hot s t r i p  mills invariably includes provision 
f o r  control of emissions.  
pollution problem. 
the immediate  vicinity of the mill. 

As with a l l  steel-roll ing mills, water  pollution is  the main  
Emiss ions  to the a i r  consist  largely of steam, and are confined to 

Future  trends in hot s t r i p  processing are expected to  include the following: 

(1) Increased  consumption of e lectr ical  energy  and f a s t e r  processing of 
hot s t r i p  

( 2 )  Closer  control of processing with the aid of computers  

( 3 )  Provisions f o r  better control of water  pollution. 

Plate Mills.  The tonnages of plate shipped by the s tee l  industry have been on the 
inc rease  during recent yea r s ,  and this trend is  expected to continue f o r  the next decade 
o r  two. A s  with hot s t r i p  installations, new plate mills will be m o r e  powerful, wil l  p ro-  
vide for  control of the mill by computer, and will include increased  attention to water -  
pollution problems.  The requirements  for  wider,  s t ronger ,  and bet ter  shaped plate have 
been m e t  by seve ra l  recent  installations of new facil i t ies.  
a t  Gadsden, Alabama, installed a new mil l  in  1967 that will produce plate up t a  
120  inches wide with good shape control. U. S.  Steel  Corporation has  begun construction 

F o r  example, Republic Steel 
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of a 160-inch plate mill at its Texas Works, and Armco will improve i t s  plate mill a t  
Houston. 
m o r e  than 13 million tons annually. 

When present  plans a r e  completed, plate capacity in the United States will be 

Plate mills involve practically no problem in the control of air quality. 

Pipe and Tube Mills.  The recent  t r ends  involving longer lengths, higher speeds, 
and f a s t e r  ro l l  changes a r e  expected to continue. F o r  example, the increasing market. 
f o r  longer lengths of heat-exchanger and condenser tubing has  influenced Cr.ucible Steel 
Company to build a new tube mill at its Tren t  Tube Mill a t  Midland, Pennsylvania. 
Initially, conventional-length tubing will be produced, but as anticipated requirements  
for  specialized tubing in power plants and desalinization plants become a reali ty,  the 
mill will be in  a position to supply a wider range of marke t  demands.  Tube d iameter  
will range f r o m  1/2 to 3 inches in various ma te r i a l s  including stainless steel, titanium, 
and other metals. Roll changes necessa ry  to  a l te r  the d iameter  of the tubing, which 
fo rmer ly  required 4 to 8 hours,  are expected to requi re  l e s s  than 1 hour  on the new unit. 
Designed speed for  production on this mill is up to 300 fpm. 

Pipe and tubing mills present  no problem as f a r  a s  air-quali ty control is  
concerned. 

I 
Merchant, Rod, and B a r  Mills. Ba r -mi l l  facil i t ies a r e  now undergoing a cycle of 

modernization and expansion. 
Atlantic Steel Company's new rod mill is  using a novel approach. 
finishing, the mill i s  designed for  continuous operation. 
furnace directly to a swing-forging stand f o r  reduction before rolling. 
the swing-forging machine is that it pe rmi t s  a 7 by 7-inch by 30-foot bloom to be pro-  
ces sed  into one 5000-pound coil of finished rod  up to 1/2 inch in d iameter .  
forging machine reduces the bloom in  a single pas s .  
vertically and two horizontally. 
a designed finishing speed of 10,000 fpm, and a high utilization rate .  

Much of this will take place over the next 2 o r  3 yea r s .  
F r o m  reheating to  

Billets proceed f rom a rehea t  
The advantage of 

The swing7 
Four  dies work the bloom, two 

Other features  include a high-speed roll-changing unit, 

U. S. Steel, Republic Steel, Inland Steel,  Allegheny Ludlum Steel, Latrobe Steel, 
and others a r e  among those planning modernization of merchant ,  rod, and b a r  mills. 

Future  t rends  involving this type of mill are expected to include the following: 

(1) Higher speeds of operation 

( 2 )  F a s t e r  ro l l  changes, with spa re  mill stands completely assembled and 
ready for  installation as needed 

( 3 )  Improvements in sur face  quality and in dimensional tolerances in the 
heavier rod s i zes  

(4) Improved control by means  of computers .  

Mills of this type a r e  not important  contributors to a i r  pollution. 
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Cold-Rolling Mills. Higher speed, computer  control, higher power, and thinner 
gages a r e  the future t rends  expected in cold mills. 

As an example of cu r ren t  developments, Armco  broke ground in 1968 a t  Middle- 
The 86-inch (wide) mill will be one of the town, Ohio, for  a new cold-rolling facility. 

widest in  the world. 
0 .  070 to  0 . 2 0 0  inch thick. The five-stand mill will be powered by 41,536 hp  and will 
deliver s t r i p  at a speed of 5200 fpm. 
the mil l  wil l  be equipped with automatic coil-handling equipment, gage-control equip- 
ment ,  and i t  will use  computers  to log operating data.  Completion is expected in 1970. 
As another example, Inland Steel Company at  Indiana Harbor  will add a five-stand tan- 
d e m  cold mill and a single-stand temper  mill to  inc rease  capacity by 1 million tons pe r  
year .  The unit will be capable of producing 100,000-pound coils in  widths up to 
76 inches.  
p rocess-cont ro l  computer  and equipped with automatic gage control. 

It will produce s t r i p  and shee t  stock 24 to 80 inches wide and 

To facil i tate production of 200, 000 tons p e r  month, 

Completion is expected in late 1970. The new mill will be operated by a 

Modern, well-ventilated cold-rolling mills a r e  relatively minor  contributors to 
air pollution. 

Finishine 

Coating P r o c e s s e s .  Various forms of sur face  protection, such as galvanizing, tin 
plating, cladding, o r  painting, have been applied to  s teel  sheet for  many y e a r s ,  but 
m o r e  time and attention recently have been focused on improving old methods and devel- 
oping new ones. A number of s teel  producers  
have facil i t ies f o r  applying alkyds, ac ry l i c s ,  vinyls, vinylalkyds, silicones, and organ- 
sols .  
annually over the pas t  5 y e a r s ,  and fast growth is expected to continue at  l eas t  f o r  
another decade. 

Precoa ted  s tee l  strip is a good example. 

Coil coating (painting o r  laminating) has  been growing a t  a ra te  of about 25 percent 

Electrocoating (electrophoretic deposition) is  a method whereby an  electr ic  charge 
is applied to a solution of paint in a water  medium, causing the r e s ins  to migra te  to 
any conductive surface immersed  in the solution. Paint par t ic les  adhere  s o  tightly that 
the water  is  squeezed out. P a r t s  a r e  then washed and the paint is  baked on the surface.  
The p rocess  has in l e s s  than 2 yea r s  changed f r o m  pilot-plant investigation to full  p ro-  
duction status and appea r s  to have technical and economic aspec ts  that make g r e a t e r  use 
of the method quite likely during the next decade. 
36 electrocoating l ines in operation in the United States,  and the total  is  expected to 
double by 1970. One f o r e c a s t  es t imates  that 50 percent  of all paint applied to me ta l  
eventually will involve the electropainting p rocess .  

As of January,  1968, there  were about 

Coating with lead phosphate (a new type of conversion coating) has  advantages over 
conventional zinc phosphate coating. 
weldability of the s teel .  
mill, s e rve  a s  a protective coating during storage and shipment, and facil i tate subse- 
quent forming, drawing, and coating operations. 

The ma jo r  advantage is  that it does not impai r  the 
The lead phosphate coating can be applied to the s tee l  at the 

The use of galvanized s teel  has increased because of i ts  ability to res i s t  c o r r o -  
sion and abrasion. 
stimulated production of  galvanized s t r ip  s teel .  

Increased use of galvanized ma te r i a l s  by the automobile industry 
In  e a r l y  1967, there  were  53 continuous 
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hot-dip galvanizing lines and nine continuous electrogalvanizing lines in the United 
States (all handling steel  s t r ip  over 24  inches wide). 

One ma jo r  producer  of cans h a s  stated that, within a few yea r s ,  tin-free s teel  will 
account for  m o r e  than 50 percent of its can production. The problem of closing the side 
seam (soldering) has  limited the acceptance of tin-free s tee l  in the can industry, but 
two recent developments (bonding and welding) make it pract ical  to use  this me ta l  exten- 
sively. Improved vers ions  of t in-free s t e e l  ( such  a s  chromium-plated sheet)  hold much 
promise f o r  the container industry because of their  better cor ros ion  resis tance and 
higher luster  finish. 

A chromium-coating p rocess  developed in  England looks promising. Steel  s t r i p  is  
coated with chromium chemicals  and then annealed in  a hydrogen a tmosphere  for  5 hours.  
The process  produces a layer  of chromium s tee l  0.002 inch thick with 38 percent chro- 
mium on the outer side. 
a ' s t r ip  with the cor ros ion  resis tance of s ta inless  steel  a t  the cost  of mild-carbon steel .  

The p rocess  is repor ted  (perhaps too optimistically) to produce 

All signs point to greatly increased  production of coated s teels  of many types by 
the integrated steel  companies. 
of chemicals  and solvents, there  appears  t o  be a substantial opportunity for  air pollution, 
unless each installation is  engineered to control emissions.  
a r e  most  likely to be mis t s  and organics ,  
in sufficient amount to constitute a problem. 
may not apply to every  type of coating p r o c e s s .  
a r e  very new, and each installation should be considered a s  a separa te  problem until 
there  emerges  m o r e  of a pattern of per formance  than exists today. 

Because m o s t  of the methods of coating involve the use  

The emissions of concern 
Solid particulates probably will not be evolved 

However, general  statements of this type 
The variety of processes  is wide, some 
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Pickling. The use  of hydrochloric acid for  pickling of s tee l  has increased  rapidly 
in  the past  few yea r s .  
a r e  pickled with hydrochloric acid,  which is  rapidly replacing sulfuric acid as the pick- 
ling agent. 
hydrochloric-acid type by 1970. 
that this is the c o r r e c t  approach. 
chloric acid and sulfuric acid a r e  still being evaluated. 
t e r s  of original cost ,  maintenance problems,  economics of operation, cus tomer  p re fe r -  
ences,  water  pollution, production capability, and equipment arrangement .  As an  
example of cu r ren t  thinking, the U. S. Steel Corporation's expansion at its Irvin Works 
includes a n  84-inch continuous pickling line that is  designed to operate on either sulfuric 
o r  hydrochloric acid. 

It is estimated that about 18 million tons of s tee l  p e r  yea r  now 

A recent  prediction is  that half the l ines in the U. s. will be of the 
However, not all s tee l  men are thoroughly convinced 

The relative advantages and disadvantages of hydro- 
The uncertainties involve mat- 

Heating Furnaces  and Controls 

The trend among U. S. s tee lmakers  to  bet ter  control of quality has  increased  the 
Automation of industry's  demands f o r  m o r e  complex heating and reheating equipment. 

furnace operations, specially designed material-handling sys tems,  and scale-free heat-  
ing is now being applied m o r e  frequently and m o r e  extensively. 
ing has apparently broken through an  e a r l i e r  economic b a r r i e r  and applications a r e  
increasing. 
heating large slabs to rolling tempera ture .  
rate up to 680 tons p e r  hour. 

The use  of e lec t r ic  heat- 

F o r  example, McLouth Steel will use  very  large electr ic  induction coils f o r  

Copperweld Steel h a s  installed an electr ic  induction hea ter  
The facility will heat 20 slabs p e r  hour  at a 
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t o  equalize bil let  t empera tu re  just pr ior  to entering the first roughing stand of an 18- 
inch continuous b a r  mill. 
ing pits a t  i ts  mi l l  in Dearborn, Michigan. 
combustion sys t em and a newly developed air seal  for s ca l e - f r ee  operation. Jones and 
Laughlin Steel Corporation this year  completed installation of a heat-treating facility a t  
the rod and wire  mi l l  a t  Aliquippa, Pennsylvania. 
insure positive control of temperature  and furnace atmosphere in each zone through 
which the coil t ravels  during heat treatment,  thereby providing ultimate decarbur iza-  
tion control and uniformity of micros t ruc ture .  
finished carburized bar was installed a t  Republic's Union Drawn Division at  Gary, 
Indiana. 
neal 1500 tons of carbon o r  alloy bars  p e r  month. 

F o r d  Motor Company is installing 24  recuperative-type soak- 
The new pits will incorporate a high-velocity 

The new furnaces a r e  instrumented to 

A continuous annealing facility for  cold- 

The new furnace is a continuous type that can carbur ize  up to 300  tons o r  an- 

The future t r ends  in  heating furnaces  in the integrated s teel  industry a r e  expected 
to  include the following: 

(1 )  An inc rease  i n  the number of e lec t r ic  heating units 

( 2 )  More emphasis  on scale-free reheating furnaces  to increase  yield and 
t o  improve surface quality 

(3) Improved instrumentation to control the t empera tu re  and the atmosphere 
in the furnaces 

(4) F a s t e r  heating cycles.  

Because of their  nature (tight enclosure and u s e  of clean fuels) ,  heating and reheat-  
ing furnaces  do not constitute a major  t h rea t  to c lean  air. 
a l r eady  a r e  only minor  contributors to air pollution (if at  all), and the trend in the 
design and use  of the new furnaces  is toward fu r the r  cleanliness.  In particular,  auto- 
mat ic  combustion controls a r e  being applied m o r e  generally and per form well in  pro-  
moting cleanliness of the waste gases f r o m  combustion sys tems.  Especially when com- 
bined with the use  of natural  gas as the fuel, combustion-control sys tems have the poten- 
t ia l  f o r  a lmost  eliminating even fuel-fired furnaces  a s  a source  of major  pollutants f rom 
reheating furnaces  in the s tee l  industry. 

Many furnaces  of this type 

Explosive Bonding 

Explosive bonding of fers  a relatively inexpensive method of forming high-strength 
meta l lurg ica l  bonds between d iss imi la r  and incompatible meta ls .  Severa l  of the avail-  
able conventional explosives a r e  not sensitive to shock o r  hea t  and can be handled with- 
out usua l  precaution. Suitable chambers  can be e rec t ed  to control the noise and blast  
and to help overcome the reluctance of some potential u s e r s  to work with explosives. 
This new p rocess  is  expected to receive widespread application in the specialty field, 
such as in cladding of carbon-steel  plates with s ta inless  s teel ,  tantalum, o r  titanium. 
The p rocess  is not a contributor to a i r  pollution and its use  may displace some of the 
conventional bonding p rocesses  that do tend to  pollute the air. 
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IV-25 and IV-26 

Elec t r ica l -Energy  Consumption 
and Generation 

The consumption of e lectr ical  energy h a s  been increasing in the s teel  industry a s  
the processing becomes more  sophisticated. 
the s teel  industry has  increased  f r o m  an  average of 305 kwhr p e r  ton of r a w  s tee l  in  
1965 to an  average of 334 kwhr in  1967. In 1967, the s tee l  industry consumed about 
42. 5 billion kilowatt hours  of e lectr ical  energy. 
within s teel  plants. 
trend is continuing. 

The consumption of e lectr ical  energy in  

About 28 percent of this was generated 
This was down f r o m  33 percent  generated in-plant in  1964, and the 

The future trend in the s tee l  industry will be toward an inc rease  in the consumption 
of e lectr ical  energy (both total and pe r  ton of s teel)  and a dec rease  in  the percentage of 
energy generated a t  the plant si te.  The increased  consumption of e lectr ical  energy will 
be caused by the following: 

(1) An increase  in production of s tee l  i n  e l ec t r i c - a rc  furnaces  

( 2 )  Increased use  of oxygen in ironmaking and steelmaking and the use  
of l a rge  blocks of e lectr ic i ty  to  produce this oxygen 

(3 )  An increase  in the total horsepower of mill equipment 

(4)  An increase  in  automation and labor-saving devices that a r e  consumers  
of e lectr ical  energy. 

In general ,  the expected increased  use of purchased electr ical  energy in the s tee l  
industry will help significantly to reduce this industry 's  contribution to air pollution. 
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SOURCES O F  AIR POLLUTION IN THE INTEGRATED 
IRON AND STEEL INDUSTRY 

The American i ron and s tee l  industry mus t  handle a vas t  tonnage of solid mate-  
r ia l s  (many of which a r e  of ve ry  fine s ize)  and mus t  c a r r y  out much of i t s  processing a t  
high tempera tures  (in some instances exceeding 3500 F), often with the use  of high vol- 
umes of gas.  This section presents  an  overview of some of the processing methods and 
the air-pollution problems that resul t .  

This section i s  divided into three p a r t s .  The f i rs t  descr ibes  p rocesses  and e m i s -  
The second p a r t  concentrates on the use  of fuels and energy sions in the s tee l  industry. 

in the s tee l  industry. 
carbon monoxide, f luorides,  and nitrogen oxides.  

The third is concerned with noxious emiss ions  - sulfur dioxide, 

P rocess  Segments as Sources  of Air Pollution 

The following discussion is oriented on the bas i s  of major  processing segments 
used in the manufacture of i ron and steel. 
types of steelmaking equipment, identification of emissions,  amounts of emissions,  and 
methods used for  their  control a r e  given in Appendixes A, B, and C of this report .  

More  detailed information concerning the 

Receipt, Storage, and Handling of Raw Mater ia l s  

Raw ma te r i a l s  a r r i v e  a t  s tee l  plants by boat, barge,  or ra i l road,  with some minor 
amounts of ma te r i a l s  arriving via truck. 
stockpiles, with the exception of a few m a t e r i a l s  such as l ime which is shipped in closed 
hoppers o r  container c a r s  and then t r ans fe r r ed  to enclosed hoppers without exposure to 
the atmosphere.  
the crushing and sizing having been done at the mine, quar ry ,  o r  pelletizing plant. 

The r a w  ma te r i a l s  are unloaded to open 

Most of the ma te r i a l s  rece ived  are  in a presized condition; mos t  of 

Transfer  of the ma te r i a l s  into and out of s torage  and to the processing centers  . 
creates  a somewhat pers is tent  dust problem because of the fine ma te r i a l  always a s soc i -  
ated with bulk handling of ore ,  coal, and limestone. Dusts f r o m  iron o r e s  a r e  oxides 
of iron, silicon, calcium, and magnesium. Dusts f r o m  limestone and dolomite a r e  
carbonates of calcium and magnesium, magnes ium oxide, and sil ica.  
spar  (which is used as a fluxing ma te r i a l )  consists of calcium fluoride,  calcium c a r -  
bonate, and oxides of iron, aluminum, and silicon. 

Dust f r o m  fluor- 

One of the m o r e  pers is tent  sources  of dusting is coal, which, because of its s m a l l  
size (one-half inch o r  less  as received f r o m  the mine) ,  o f fe rs  ample opportunity fo r  
dusting during handling and storage.  
100 feet and cover up to 10 a c r e s .  

Open stockpiles of coal may r each  a height of 
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Because stockpiles of r aw mater ia l s  a r e  exposed to the weather, and can be af- 

These methods have included simple wetting with water and spraying with special  
fected ser iously by d ry  conditions, various techniques have been tried to  suppress  dust-  
ing. 
plastic m a t e r i a l s ,  but none have been truly successful .  
methods of stockpiling and reclaiming make i t  economically impractical  to house o r  
shroud the stockpiles. 

The large scale  and available 

Transfers  f r o m  stockpiles usually a r e  by means  of overhead clam-bucket gantries 
to bottom-dump c a r s ,  or by endless conveyor bel ts  for  upward movement, and gravity 
chutes for downward movement. Outdoor belts 
conventionally a r e  covered but not enclosed, and dusting can occur during windy weather.  
Emiss ion  of particulates to  the atmosphere f r o m  mate r i a l s  once received in a particular 
building usually can be controlled. 
controlled by cyclone dust collectors.  
grinding plant, the dusting can be controlled by the use  of wetting agents combined with 
water sprays.  

Dust i s  created a t  each t ransfer  point. 

Emission control  a t  indoor t ransfer  points often is 
At t ransfer  points inside a coal crushing and 

Although dusting f r o m  raw-mater ia l  stockpiles is a problem of concern, there  is a 
shortage of reliable data on the amounts of dusts  that become airborne.  

Coking P r o c e s s  

Coke is the major  source  of fuel in the blast  furnace.  Over 98 percent of the total  
production of metal lurgical  coke is made by the by-product oven process .  
older beehive process ,  the valuable ingredients in the volatile mat te r  f r o m  heating coal 
in the absence of air a r e  recovered in the by-product oven r a t h e r  than exhausted to con- 
taminate the atmosphere.  After the extraction process ,  the gas is used for  underfiring 
the coke ovens, as well as for  heating in other p rocesses  in the s teel  plant. This gas is 
f r e e  of particulates,  but usually contains some hydrogen sulfide. 

Unlike the 

A modern by-product oven may  receive a charge of up to 40 tons of coal through 
four or five ports  aligned at the top. 
and 20 inches wide. As many a s  100 ovens m a y  be  se t  together in a battery.  
between adjoining ovens a r e  heated by hot combustion gases .  
located under the ba t te ry  preheats  the combustion air. 
c a r s  have separa te  hoppers for bottom discharging into each port  of the oven. 
is done with the oven walls a t  an incandescent tempera ture .  
about 1 /8  inch. 
both ends of the oven a r e  opened and a ram pushes the ent i re  load of coke onto special  
railway c a r s ,  
which the coke is crushed and screened to s ize .  

Each oven m a y  be  up to 60 feet  long, 18 fee t  high, 
Flues  

Regenerative checkerwork 

Charging 
Charging vehicles called l a r r y  

The coal has  a top s ize  of 
After a coking period of 16 to  20 hours  in the sealed ovens, doors a t  

At a quenching station the load is deluged with water to cool it, af ter  

Coke-Oven Charging 

Steam, flame, smoke, and fine par t ic les  of coal  r u s h  out of the oven por t s  during 
the charging cycle. 
sealing the charging ports  and a t  door sea ls .  
these specific sources  a r e  not available. 
in a coke plant appear to be about 40 percent f r o m  coke, 30 percent f r o m  coal, and 
30 percent  f rom other mine ra l  dusts normally found in a s tee l  plant. 

During the coking period, leakage of vapors may  occur a t  the lids 

The or igin of particulates for  all operations 
Charac te r i s t ics  of the emissions f r o m  
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Leakage of toxic, obnoxious vapors  at door and port s ea l s  during the ea r ly  coking 
stages (when the oven is under some positive p re s su re )  can be minimized by adequate 
attention to maintenance of the sea ls .  A sat isfactory solution to the problem of emis-  
sions during charging has  not been found. Some improvement r e su l t s  f r o m  the use  of 
s team jets  in the raw-gas ascension pipes to dec rease  the p r e s s u r e  in the open oven 
during charging. A method receiving attention in  Europe involves the use  of a l a r r y  
car that drops the coal through a sleeve that is lowered into the oven, and which collects 
the emissions in  a disintegrator a f te r  exercising controlled combustion. 
trolled combustion ahead of the collector,  a n  explosion could occur .  
space and s t ruc tu ra l  limitations of present  Amer ican  ovens may not pe rmi t  direct  adop- 
tion of this sys tem.  
States, but details  on i ts  development have not yet been released.  

Without con- 
Unfortunately, 

A pneumatic charging method is being worked on in  the United 

The emission during charging and during the ea r ly  stages of coking (when the 
ovens a r e  under positive p re s su re )  is  considered by Battelle and by s tee l  companies to 
be a ser ious problem that m a y  r equ i r e  a long t ime to reach  a sat isfactory solution. 

Coke-Oven Pushing 

When the incandescent coke is pushed out of the oven onto an open hopper car ,  a 
strong draf t  is induced in  the immediate  surroundings. Fine particulates and smoke 
a r e  blown high into the atmosphere.  
had settled in the a r e a  because of pr ior  coal handling.. Most of the particulates come 
f r o m  abrasion of the coke during pushing and f r o m  incompletely coked coal. 
amount of uncoked coal is great ,  then smoke may also be emitted for a shor t  t ime  dur -  
ing combustion of the green  coke. Good coking pract ice  r e su l t s  in reduced emission of 
particulates and smoke, but details  on the s i zes  and concentrations of the emissions 
a r e  not available. 

Some of the particulates come f rom coal dust that 

If the 

In Europe, a hood at one plant was used over  the hopper c a r  holding the coke. This 
experiment has  been abandoned. 
hood. 
t rol  of emiss ions  is  considered to be unencouraging. 

In a high wind, mos t  of the smoke does not r each  the 
The near - fu ture  prospects f o r  development of a pushing sys t em having good con- 

The need f o r  control is great .  

Coke Quenching 

The open hopper car  contains the incandescent coke on a sloping bottom with side 
gates made of grating. 
chimney that will accept the car  at its lower end. 
and cool the hot coke. 
coke into the atmosphere,  but the particulates tend to fall out in the vicinity of the 
tower. 
2-minute quenching time. 

The  car  is moved to the quench tower which is a large brick 

The cloud of s t eam r is ing in  the chimney lifts particulates of 
Water sp rays  in the chimney deluge 

. .  
About 87 percent of the particulate emiss ion  occurs in the f i r s t  minute of a 

Baffles installed in a t r i a l  quench tower reduced the emiss ion  of particulates into 
the atmosphere f r o m  6 pounds to about 1-1 /2  pounds per load of coke. 
to a capture of 900 pounds of particulates p e r  day for  one tower. A sti l l  m o r e  efficient 
control sys tem is desirable .  However, the localized fall-out of particulates r e su l t s  in 
coke quenching being rated as a relatively low contributor to air pollution. 

This can amount 

/ -  1 
’L 
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Coke Handling 

The  quen< P' :oke lped onto a sloping br ick  wharf f r o m  which conveyors 
t r anspor t  it to sizing and screening operations.  
f e r  points, a t  the c rushe r ,  and a t  the sc reens  minimize dust loss .  
points may  use  a cyclone t o  collect  the dust.  
is t r a n s f e r r e d  to stock or to  the blast  furnace.  
chutes into open hopper c a r s  fo r  t ransport  to the s inter  plant. 

S tee l  and rubber  shrouding at the t r ans -  
Indoor t ransfer  

F ines  a r e  removed before the sized coke 
The  f ines  a r e  usually dumped via 

Although data a r e  not available on the amounts of emission, dusting during coke 
handling is considered not t o  b e  a ser ious problem, except i n  windy weather.  

By-product  Process ing  

The  gases  and volatile products that come off the coal during coking a r e  drawn by 
downstream exhaust fans  into ascension pipes at both ends of each oven and into collector 
ma ins .  The gases  a r e  carbon monoxide, hydrogen, methane, hydrogen sulfide, ammo-  
nia, and nitrogen. 
benzene, toluene, xylene, naphthalene, phenols, and pitch. Recovery of these by- 
products by well-established chemical  techniques starts a s  the cooled r a w  gases  leave 
the mains .  

The volatile products a r e  anthracene and other t a r r y  compounds, 

Usually only minor  emissions can occur  a t  the  p r i m a r y  end of th,e system, be- 
cause it is under negative p r e s s u r e .  
l ec tors  and decanters  and at locations where the liquor runs i n  l ines  that a r e  not fully 
closed. Ammonia and organic  fumes a r e  par t icu lar ly  s t rong a t  sumps where decanted 
liquor and other flush liquor is recycled to the sp rays  fo r  cooling the collector mains .  
Emiss ion  of ammonia is minor  because leakage is  detected promptly and the leaks a r e  
r epa i r ed .  
precipitator tank can cause considerable fuming of the acid. 
pyridine bases  dissolved in  the ammonium sulfate  precipitator a r e  recovered in  sys -  
t e m s  that a r e  closed except for  tank vents which do not c r ea t e  a n  emission problem. 
In s m a l l  plants,  the weak liquor containing ammonia and phenols is  added to  the water  
that  is used to quench coke. 

Some odor of f r e e  vapor is present  a t  the tar col-  

In older plants,  the addition of s t rong sulfuric ac id  to  the ammonium sulfate 
In l a rge  plants,  phenol and 

T a r s  a r e  heavily loaded with polycyclic a romat i c  hydrocarbons that a r e  consid- 
Emiss ions  f rom vents on processing and s torage  tanks a r e  led e r e d  to b e  hazardous.  

through scrubbers  to absorb  o r  des t roy  the fumes .  
and foul the scrubbers ,  whereupon the scrubbers  discharge the r a w  vapors .  

However, the t a r s  tend to condense 

Vapors of the l ight  oils are toxic and f lammable.  Condensers and some  of the 

Forced  
p rocess  tanks a r e  vented. 
a r e a .  
ventilation in  the pumphouse is a necessity.  
the high hazard  level prompts  s t rong preventative m e a s u r e s .  

The sweet odor of the a romat ic  vapors  often pervade a la rge  
Some leakage and vapor loss  is inevitable in  the by-product system. 

Major leakage o r  f i r e s  a r e  r a r e  because 

The s t r ipped gas f rom the by-product plant en te r s  the plant fuel  system. 

The  tar used for fue l  is not cleaned. 

It has  a 

It contains about 0 . 6  p e r -  
hea t  content of 500 to 550 Btu per  cubic foot. 
open-hearth furnaces .  
cent sulfur ,  which becomes sulfur  oxide upon combustion. 

T a r  a l so  finds some use  as a fuel  for  
t - 
' i  
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High-volume petrochemical  processing h a s  dras t ica l ly  lowered the marke t  p r i ces  .. 
I of many organic chemicals.  By-product recovery  f rom coke-oven gas  is no longer a s  . .  

economically a t t ract ive a s  in the past .  
sys tems,  and these sys tems do provide c red i t s  to  the coking process .  

However, mos t  coke plants have by-product 

By-product processing of coke-oven gas  r e su l t s  i n  the escape of a re la t ively 
small amount of obnoxious vapors ,  chiefly f rom vents ,  sumps, and sea ls .  Data on the 
concentration of these vapors a r e  not available. 
they a r e  considered to be a se r ious  contributor to air pollution and a r e ,  therefore ,  
collected for  disposal  o r  f la red  to  the atmosphere.  

Because the vapors a r e  obnoxious, 

Preprocess ing  of Raw Mater ia ls  

Sintering 

Sintering plants convert  i ron-ore  f ines  and metal lurgical  dust, including mill 
scale ,  into an  agglomerated product that  is  s t rong enough and l a rge  enough for  charging 
into the b las t  furnace.  The iron-bearing ma te r i a l s  a r e  mixed with coke dust to  f o r m  
a bed on a slow-moving grate  in the f o r m  of an endless belt.  The bed is  r a i sed  to its 
kindling tempera ture  in  a gas- f i red  or  oil-fired ignition furnace; then a down draf t  of 
a i r  keeps the bed burning. A sc reen  catches the s intered ma te r i a l  when it i s  dumped 
f rom the t ravel ing grate .  Undersized ma te r i a l  is recycled. 
the sinter a s  it pas ses  through a n  enclosed cooler on a moving apron  o r  gra te .  
cooled s inter  is dumped direct ly  into c a r s  o r  conveyors for t ranspor t  t o  the blast  fur -  
nace. Plant  capacit ies range f r o m  2000 to  6000 tons of s inter  per  day. 

Cooling air is blown over 
The  

Sintering machines p rocess  a wide var ie ty  of feed ma te r i a l s  and produce a con- 
siderable amount of emissions.  
f r o m  plant t o  plant. a 

The quantity and nature  of the emiss ions  a r e  var iable  

Minor amounts of dust  a r e  created in the handling and grinding of raw ma te r i a l s .  
Emissions include dust sucked through the g ra t e  b a r s  into the windbox, combustion 
gases  f r o m  ignition and firing, and dust  generated in  the screening and cooling opera-  
tions. Complete combustion ex is t s  during s inter ing and makes  i t  unlikely that the 
exhaust gas  contains unburned hydrocarbons.  
ignition and the sulfur in  the s inter-mix coke contribute to  the presence of sulfur dioxide 
in the combustion products.  
i ron-calcium si l icates ,  and quartz .  
collector are probably similar in  composition but f iner  in s ize .  

However, the coke-oven gas  used f o r  

Sinter  dust  m a y  contain par t ic les  of i ron  oxides,  calcite,  
Dusts going into the atmosphere f r o m  the dust  

The concentration of par t iculates  i n  the  windbox under the g ra t e  during ignition 
appears  to be about 0 .  5 to  3 grains/scf*.  
dust per  ton of s inter  is produced in  225,000 scf of g a s  per ton of s in te r ;  this gives a 
concentration of 0.62 gra ins / scf  f rom the windbox and traveling grate .  
tribution was 3 . 7  percent  over 420 microns ,  22.6 percent  a t  178 to  420 microns ,  
36 .8  percent  a t  76 to 178 microns ,  and 36 .9  percent  under 76 microns.  
charge f r o m  the gra te ,  the s ize  distribution was about 50 percent  over 100 mic rons  and 

According to one repor t ,  about 20 pounds of 

The s ize  d is -  

At the dis-  

. .  

*ref = standard cubic foot. 
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10 percent  under 10 microns .  
volume of 2000 scfm* per ton of s in te r ) ,  the  par t iculate  concentration is 5 .8  to 6. 6 
grains  I scf. 

At the discharge f r o m  the enclosed cooler ( a t  an  exhaust 
.. . 

Multicyclones, e lectrostat ic  precipi ta tors ,  ventur i  sc rubbers ,  mechanical col-  
l ec tors ,  and baghouses have been used in  var ious combinations a t  the various points of 
emission. 
water - t rea tment  problems.  The 
abras ive  dust can a l so  c rea t e  a major  problem in maintaining operation of the fans in  
the s inter ing machines .  With s inter  that contains flux, the efficiency of e lectrostat ic  
precipi ta tors  dec reases  with inc rease  in the basici ty  of the s in te r .  
handling of s inter  and s inter  f ines ,  spraying with water containing wetting agents h a s  
been used effectively in  some  cases  to  reduce dusting at t ransfer  points. 

Wet scrubbers  have high maintenance cos t  f r o m  l ime buildup and add to  
Baghouses suffer  f r o m  the abras iveness  of the dust. 

In subsequent 

The s ta te  of the art fo r  effective,  efficient control  of emissions is considered to 
be a t  a low level. 
emissions to a level under 0 . 0 5  grainlscf  is possible,  but can  be s o  expensive that 
pellets might become a m o r e  economical burden ma te r i a l  than s inter .  

Operation and maintenance cos ts  a r e  high. Control of particulate 

Pelletizing 

Pel le ts  a r e  made  by roll ing fine concentrates  of i ron  o r e s  mixed with a clay 
binder (usually bentonite) to f o r m  damp bal ls  about 112 inch i n  d iameter .  
dr ied and f i r e d  (usually in  a shaf t  furnace)  to harden them. 
located a t  the mine s i t e s .  
because of mine ra l  charac te r i s t ics ,  a r e  shipped to s t ee l  plants fo r  processing into s in-  
t e r .  Although pellets are s t rong and at t r i t ion is low during loading for  shipment to and 
receiving at  the s t ee l  plant, the large volume of ma te r i a l  handled in a shipment can 
r e su l t  in  some a i rborne  dust .  

The bal ls  a r e  
Pel le ts  a r e  made  a t  plants 

In crushing the o r e s ,  f ines  that a r e  unsuitable f o r  pelletizing, 

Concentrates received a t  the  pelletizing plant a r e  usually in  a mois t  condition, so 
that dust  generation during receiving frequently is not a problem. Bentonite is  received 
i n  covered hopper c a r s  and is unloaded into spec ia l  bins that me te r  the bentonite into the 
pelletizing operation. Par t iculate  emissions a r e  magnetite,  hematite,  and bentonite. 
The minor amounts of dust  generated in  the plant a r e  handled usually by s imple cyclones 
or  baghouses. 
a i r  -flow r a t e s  so that formation of par t iculate  emissions usually is  not substantial .  

The concentration of a i rborne  dust generated by pellets a t  shipment- t ransfer  

The induration operation (heat  hardening) is  conducted a t  relatively low 

points is not available,  but the accumulative amount is  considered to  be  so grea t  that 
the  fall-out is a ser ious  problem. 

Ir onmaking 

The blast  furnace is  a refractory- l ined s t ruc tu re  about 100 feet  high and up to 
30 f ee t  or m o r e  in diameter  a t  the hear th .  
through a s e r i e s  of seals called bells.  
through por t s  called tuyeres  a r ranged  around and just  above the hear th .  

Raw ma te r i a l s  a r e  charged a t  the top 

The air 
Air ,  preheated in regenerat ive stoves,  is forced  

Scfm =standard cubic feet per minute. 
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(usually augmented with oil, gas ,  oxygen, o r  s team)  r i s e s  through the charge and r eac t s  - 
with the hot coke to generate hot reducing gases  which, in turn, r e a c t  with the oxygen. ._ 
in the o r e  to  s t a r t  the formation of metall ic iron. 
downward into the fusion zone, the i ron becomes molten and collects in the hear th .  
limestone in the burden r eac t s  with impurit ies in the o r e  and coke and f o r m s  a molten 
layer of slag on the pool of i ron.  Periodically, the hot me ta l  (molten iron) is c a s t  
(drawn off)  into special  enclosed railway tank c a r s  that deliver it to the steelmaking 
furnace. Slag is cast  into s teel  pots and t ranspor ted  to a dump a r e a ,  or is granulated 
with water.  The gas ascending in the blast  furnace is  removed at the top, stripped of 
dust, and then used to f i r e  the regenera t ive  a i r - b l a s t  stoves of the blast  furnace. The 
blast-furnace gas  a l so  is used as fuel in the powerhouse and as fuel for other opera-  
tions in the plant. 

- 

As the burden (the charge) moves 
The 

Charging 

The charging pract ice  for a blast  fu rnace  can va ry  widely. Modern burdens con- 
s i s t  of sc reened  ore, s inter ,  pellets, o r  a mixture  of these.  Some blast  furnaces  op- 
e ra t e  on 100 percent pellet burdens o r  100 percent sinter burdens. 

Raw ma te r i a l s  a r e  moved f r o m  the stockpiles to  surge  hoppers (called pockets) 
Coke is  usually t r ans fe r r ed  to  the pockets by conveyor belt; o r e  a t  the blast  furnace.  

and flux by bottom-dump c a r s .  Mater ia l s  drawn f rom the pockets a r e  weighed and 
t r ans fe r r ed  to  the top of the blast  furnace  by a skip hoist, o r ,  in some newer installa- 
tions, by a conveyor belt. Usually a scale-mounted car  is used f o r  the t r ans fe r  of o r e  
and f l u x  f r o m  the pockets, and a conveyor bel t  for the t r ans fe r  of coke. 

The r a w  ma te r i a l s  a r e  dumped into a receiving hopper at the top of the furnace,  

This sys tem minimizes  the escape  of furnace gas  as charges a r e  added and 
In step-wise fashion, the ma te r i a l s  a r e  dropped through a s e r i e s  of two o r  m o r e  sealed 
hoppers. 
pas s  successively f r o m  one sealed hopper to the next sealed hopper. 

The t ransfer  at the top of the furnace is highly exposed, but par t ia l  shrouding is  
possible. Leakage of gases ,  which a l s o  contain particulates,  can develop in  the bell  
system a s  a r e su l t  of abras ion  wear ,  creep,  and distortion. In h igh-pressure  blast  
furnaces,  three-bell  hoppers are used, and a s t e a m  sys tem maintains back-pressure  
between two closed bells during each  t r ans fe r .  
f r o m  ports  for rods  used to de te rmine  the height of the burden in the furnace,  is con- 
sidered to be minor .  

Leakage f r o m  instrumentation, such as 

The particulate emissions attributable to blast-furnace charging operations con- 
~ 

s i s t  of o r e  dust ( F e z 0 3  and Fe3O4), coke dus t  (chiefly carbon), and l imestone dust 
(CaC03 and MgC03).  
modera te  level. 

Shrouding at t r ans fe r  points aids in  keeping air  pollution to a 

Smelting 

The cleaned blast-furnace gas is used f o r  firing the regenerative stoves that p r e -  
heat the air blast .  If the gas is too lean, it is  enriched with coke-oven gas  o r  natural  
gas. Because the gas  is burned with excess  air, the chimney effluent is relatively f r e e  
of objectionable particulate or gaseous components, except for  the presence  of sulfur 
oxides if sulfur-bearing coke-oven gas  is used to r a i s e  the caloric value. 
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Auxiliary fuels added to the a i r  b las t  normally do not a l te r  the types of emissions.  
At s tar t -up,  however, injection of la rge  amounts of auxi l iary fuels may cause incom- 
plete combustion and c rea t e  soot. The soot usually will blow through the furnace and 
foul the dust-collecting sys tem.  
occurrences .  

Operating experience is expected to resolve such 

Slips a r e  sudden movements of the burden in  the furnace.  Slips generate  high 
p r e s s u r e s  that a r e  re l ieved by b leeders  ( safe ty  valves) i n  the uptakes (gas-collection 
ma ins )  a t  the  top of the furnace.  
of dus t  and gas  into the atmosphere.  Improved r a w  ma te r i a l s  lower the dust  loading in 
the furnace and minimize abnormal  operating conditions that cause sl ips.  
blast  furnaces  has  advanced to  the s tage where b leeders  on some furnaces  r a r e l y  open, 
o r  open infrequently and only f o r  short  time in te rva ls .  
del iberately use s l ips  (i. e .  , controlled s l ips )  to  faci l i ta te  operating practice.  
these controlled s l ips  r a re ly  cause the re lease  of emiss ions  to the atmosphere.  

Relief of the p r e s s u r e  is accompanied by the emission 

Control of 

Some blast  furnace opera tors  
However, 

.The blast-furnace gas  consis ts  chiefly of s team,  nitrogen, carbon monoxide, and 
carbdn dioxide. The hydrogen 
content i s  higher with higher mois ture  content i n  the blast ,  and ranges f r o m  1 to  4 p e r -  
cent. It is likely that at leas t  some  of the gas  d ischarges  continuously through leaks a t  
the bel ls  and in a r e a s  where the furnace shel l  is pierced f o r  instruments  and coolers .  

The carbon monoxide content is  about 25 to 30 percent.  

Dust entrained in  the blast-furnace gas  resu l t s  f r o m  abras ion  of the burden during 
charging and during the ea r ly  s tages  of its passage  down the blast  furnace.  
ment  i n  the burden by increasing the amounts of s inter  and pellets decreases  the amount 
of dust  generated.  
net ton of hot meta l  can dec rease  the dust f r o m  300 t o  30 pounds per  net ton of hot metal .  

Jmprove- 

For  example, the addition of 3000 pounds of sinter plus pellets per  

The amount of dust  in  the blast-furnace gas  generally var ies  f rom 30 to 90 pounds 
per net ton of hot meta l .  
cent r e d  i ron  oxide (hematite) that i s  usually f ine r  than 2 microns ,  40 percent  magnetic 
i ron  oxide (magnetite) that  is par t ia l ly  or  completely covered by r ed  i ron  oxide, and 
5 percent  l imestone that is a l so  usually covered with r e d  i ron  oxide. 

The dust typically contains 15 percent  metal l ic  iron, 40 p e r -  

The gas  is cleaned to a dust  concentration of l e s s  than 0 .  0 1  grain/scf  to a s s u r e  

About 30 percent  of t he  gas  i s  used to  heat the stoves;  
that clogging and slagging react ions do not occur  when the gas  i s  used as a fue l  to f i r e  
the regenerat ive blast  stoves.  
the r e s t  is used as fuel for other in-plant heating purposes .  

Systems fo r  emiss ion  control  depend upon the operating prac t ice  and the available 
space  around the b las t  furnace.  Commonly a sys t em will include a dust catcher and a 
p r i m a r y  washer .  
A sys t em consisting of a dust  catcher ,  two automatically adjustable venturi  sc rubbers ,  
and a gas-cooling tower has  been claimed to  c lean  the gas  to a dust concentration of 
0. 005 g r a i d s c f .  I t  is concluded that control of emissions during smelting in  the blast  
furnace  is quite good. 

. Additional equipment is  used as dictated by the in-plant u se  of the gas. 

Casting and Flushing 

The molten i ron  in  the blast  furnace is  sa tura ted  with carbon. As soon as the hot 
m e t a l  emerges  f r o m  the furnace,  graphite f lakes  (cal led kish)  a r e  re jected and r i s e  to 
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the surface where cu r ren t s  of heated air sweep the kish into the atmosphere.  
nese vapor is a l so  given off and oxidizes to f o r m  a fine dust, but the amount is quite 
small. The kish is a nuisance because it is  readily c a r r i e d  long distances by a light 
breeze,  and its oily tenacity makes  it difficult to remove af ter  it h a s  sett led.  
sions of k i sh  consist  of about 90 percent graphite, 5 percent Fe304 ,  5 percent FezO3, 
and t r aces  of quar tz  and calcite.  

Manga- 

The e m i s -  

K i s h  control consists of running the i ron  shor t  distances to minimize the amount 
that can f o r m  before the iron flows into closed, preheated "submarine" ladles .  
r ising to the opening of the submarine ladle can be raked out and disposed of before i t  
becomes airborne.  Older plants that use long runners  t o  open-top ladles re lease con- 
siderable amounts of k i sh  to the a i r .  
casting. 
ladles that a r e  used to charge steelmaking furnaces  r e l eases  a moderate  amount of 
kish. 
this latter t ransfer  point. 

Kish 

A need exis ts  f o r  control of k i sh  emiss ions  during 
Trans fe r  of hot me ta l  to a mixe r  ladle o r  f r o m  the submarine ladle to pouring 

Some s t e e l  plants a r e  start ing to give attention to control of k i sh  emiss ions  at 

The slag volume f r o m  the blast  furnace,  somewhat l e s s  than the volume of,hot 
metal ,  is flushed out of the furnace usually twice f o r  each  c a s t  of hot me ta l  unless fast 
operations require frequent cas t s .  The sulfur load on the s l a g  is  6 .  5 to  9 .  5 pounds pe r  
ton of hot meta l .  The content of sulfur i n  the slag ranges f r o m  1. 0 to 1 .  8 percent.  

During flushing, the sulfur in the s lag r e a c t s  with oxygen in the air to f o r m  sulfur 
In damp weather,  hydrogen sulfide may a l s o  be formed.  dioxide n e a r  the slag runners .  

Long runners at older furnaces  give g r e a t e r  surface exposure and increased  fouling of 
the air. Most slags a r e  transported in open ladles to dump a r e a s  where hydrogen sul- 
fide is  evolved as the s lag cools and weathers.  
short  distance and is granulated with h igh-pressure  water.  However, the formation of 
hydrogen sulfide may continue in the granulation pit a t  low tempera ture .  

In newer pract ices ,  the s lag runs  a 

D a t a  on the amounts of hydrogen sulfide formed upon granulation of the s lag o r  a t  
the slag dump a r e  not available, but even low concentrations have an  unpleasant odor. 
This emiss ion  is  considered to be a ser ious problem and r e s e a r c h  to control it is being 
conducted under the sponsorship of the Amer ican  I ron  and Steel Institute. 
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Pigging of I ron  

Only a sma l l  portion of the molten i ron f r o m  the blast  furnace is solidified into 
The kish problem discussed  e a r l i e r  occurs  "pigs" f o r  distribution in the solid state.  

during pigging. 
emissions during t r ans fe r  f r o m  the open ladles  to the pigging machines .  
in this a r e a  probably will be solved when an effective control is developed to control 
kish emissions in the t r ans fe r  of hot me ta l  to steelmaking fu rnaces .  

Hooding has  resulted in modest  effectiveness in the control of k i sh  
The problem 

Other Ironmaking P r o c e s s e s  

Two plants a r e  under construction in the United States for  production of iron by 
different direct-reduction p rocesses  that bypass  the blast  furnace.  
their  combined output will be about 0 .  3 percent  of the total metall ic iron produced in 
the United States. In the Dwight-Lloyd McWane (D-LM) p rocess  pellets of powdered 
ore and powdered coal a r e  partially reduced in a sintering machine.  Final reduction 
and melting a r e  then completed in an  e lec t r ic  smelting furnace to produce pig i ron .  

It is estimated that 
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The r a w  ma te r i a l s  a r e  ground wet. 
reduction a r e  small .  
emiss ions  a r e  not available. 
pollution. 

Particulates in  the products of combustion during 
Data on the amount and character is t ics  of particulate and gaseous 

The overall  p rocess  probably contributes little to air 

The other method is  known as the Midland-Ross "Midrex" p rocess .  
formed natural  g a s  a s  the main  source of hea t  and reductant in  shaft furnaces to 
produce metall ized pellets that  a r e  processed in a manner  s imi l a r  to s c r a p  in s teel-  
making furnace s .  

It u ses  r e -  

Because d i r ec t  reduction of iron o r e  on a high-tonnage basis  is still to be made 
operational in  the United States,  the problems of emiss ions  f r o m  such plants a r e  s t i l l  
to be determined. 
United States,  but for the next decade their  number and output likely will be s o  sma l l  
as to involve attention only on the local level. 
time that involves much attention to  control of the quality of air and water,  one hopes 
that the innovators at these new plants will incorporate the la tes t  in  control sys t ems .  
Battelle 's  expectations a r e  that plants of this type will be considerably cleaner than 
conventional plants based on blast  furnaces .  

The future likely will see  a modest  growth of such plants in the 

Because such plants a r e  being born in  a 

Steelmaking 

Open Hearth 

Wi th  the inc rease  in  new BOF (basic oxygen furnace)  steelmaking capacity, the 
percentage of Amer ican  s tee l  made in open-hearth furnaces  has decreased ,  and was at 
55 percent in  1967. Some fo recas t e r s  have predicted the virtual extinction of the open 
hea r th  furnace by 1990. 
the physical nature of the open-hearth shop and the large volumes of gas involved in  the 
p rocess  render  control of air quality difficult and expensive. Although the advent of the 
BOF p rocess  has  exer ted  s t rong  p r e s s u r e  favoring re t i rement  of even existing open 
hear th  furnaces ,  the cost  of controlling emis s ions  adequately probably has  applied the 
coup de grace  as f a r  as open hea r th  furnaces  a r e  concerned. 

This is fortunate f r o m  the standpoint of air quality, because 

Open-hearth furnaces differ  greatly in  capacity, with the median being between 
100 and 200 tons.  
shortened by lancing the bath with oxygen. 

Time to produce a hea t  ranges  f r o m  8 to 12 hours ,  which can be 

Special charging machines  dump the solid r a w  ma te r i a l s  through side -placed 
doors onto the hear th  of the furnace.  The or iginal  charge usually includes solid pig 
i ron? iron ore ,  limestone, s c r a p  iron, and s c r a p  steel .  The flame f r o m  combustion of 
oil, tar, coke-oven gas ,  natural  gas ,  o r  producer  gas t ravels  the length of the furnace 
and heats and me l t s  the charge.  The hot gases  a r e  led through regenerative chambers  
called checkers .  Upon r e v e r s a l  of the flow of the flame (once eve ry  15 to 20  minutes),  
the heated se t  of checkers  prehea ts  the combustion air. 
melted, either (1)  two batches of additional solid pig i ron  and/or  s t e e l  s c r a p  a r e  added 
:n a cold-metal  furnace,  o r  (2) molten hot me ta l  f r o m  a blast  furnace is added in a 
hot-metal furnace.  
t emporar i ly  in the furnace door.  

When the solid m a t e r i a l  has  

The hot me ta l  is  poured f r o m  a large ladle into a spout se t  
After these additions, r e l ease  of carbon monoxide 
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by oxidation of carbon in the molten bath c rea t e s  a gentle boiling action called the o r e  
boil. This is followed by a m o r e  violent turbulence, when carbon dioxide is  re leased  
by calcination of the limestone, called the l ime boil. 
desired composition with the slag conditioned for  partitioning of impurit ies into it, the 
molten s teel  i s  ready for  deoxidation and tapping. 
back wall and is located above a pit that contains a ladle.  
this ladle. 

After the heat is  refined to the 

The tap hole is at the base  of the 
Ingot molds a r e  filled f rom 

To shorten the time of a heat, oxygen is injected into the bath by water-cooled 
High-carbon heats a r e  usually not 

In the latter case ,  oxygen consumption may range 

lances extending through the roof of the furnace .  
lanced. When lancing is  used, it may occur  during the refining period, o r  it m a y  s t a r t  
a t  the t ime of hot-metal addition. 
f r o m  600 to 1000 cubic feet  pe r  ton (900 to 1667 scfm during injection), and production 
rates  of over 90 tons per hour a r e  possible in  a 300-ton furnace.  

Minor emiss ions  of particulates occur  during the charging of the furnace and du r -  
ing tapping of the heat.  
i ron oxide having jagged edges and generally, coated with r ed  i ron  oxide. 
r ed  i ron  oxide and is  rounded and usually smaller than 2 microns .  
particles or as simple agglomera tes .  

The dust consists of two kinds of par t ic les .  One is magnetic 
The other is 

They occur  a s  f ree  

Three components make up mos t  of the dus t  during the period of hot-metal  addi- 
tion to lime-up: 
usually sma l l e r  than 1 micron,  ( 2 )  rounded, t ransparent  grains of r e d  i ron  oxide, 
usually less than 1 micron ,  and ( 3 )  rounded, opaque spheres  of magnetic i ron oxide 
which may be coated with hydrated i ron  oxide o r  r e d  iron oxide. 
in the f o r m  of sulfates a r e  a l so  present  in  small quantities. 

(1) loose agglomerates of t ransparent  grains of hydrated i ron oxide, 

Lime dus t  and sulfur 

Dust f r o m  the period of tap to charge (during which r e p a i r s  a r e  made to the 
hear th)  is  s imilar  to the dust during charging of the furnace.  

Par t iculates  in  the combustion product usually consist of about 85 percent rounded, 
t ransparent  r e d  i ron  oxide sma l l e r  than 1 micron ,  and 15 percent opaque spheres  of 
magnetic iron oxide ranging in  size f r o m  3 to 5 mic rons .  
to be orange i n  top light and tend to f o r m  loose agglomerates .  

The sma l l e r  gra ins  appear 

Composition of the products of combustion was not available for open hear ths  in 
It is known that the gas usually contains sulfur compounds f r o m  the 

Firing with oil  is repor ted  to create  
the United States.  
use of fuels such as oil, tar, and coke-oven g a s .  
a lower average dust loading than firing with t a r .  

The amount of dust generated var ies  a t  different stages of the steelmaking p rocess  
and with the par t icular  practice.  One source  gives a dust loading of 0.78 gra in /scf  a t  
60 ,  000 s c f m  gas  flow a t  meltdown, 1. 9 g ra in / sc f  at 64, 000 scfm g a s  flow at hot-metal 
addition, 2 . 7 0  gra in /scf  at 66,000 sc fm g a s  flow at the lime boil, up to 5 gra in /scf  d u r -  
ing lancing, and 0.21 gra in /scf  a t  64, 000 s c f m  gas  flow during refining. Typical dust  
loadings for  oxygen-lanced furnaces a r e  es t imated  to be 20 to  22 pounds pe r  net ton of 
raw steel .  .. Without oxygen lancing, a value of about 8 pounds of dust  per net ton of 
s teel  was reported.  / 

The only data available on the size distribution of particulate emiss ions  compares  
a composite sample with a sample taken during the l ime boil. About 46 percent of the 
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par t ic les  in the composite sample were smaller than 5 microns ,  while 77 percent f rom 
the l ime boil were below this s ize .  

The s lag pockets, checker chambers ,  and flues to waste-heat boi lers  provide 
opportunities fo r  settling out of dus t  f r o m  the waste gases,  and, thus, se rved  as fairly 
efficient dust  collectors before the advent of oxygen lancing. 
i nc reases  the dust loading and generates large volumes of fume. 
the emiss ions  is obtained with electrostatic precipi ta tors .  
houses a r e  a l so  being used. 

The use  of oxygen lancing 
Effective control of 

Venturi sc rubbers  and bag 

Control technology is adequate for  handling the particulate emissions which other-  
wise constitute a s e r ious  a i r  -pollution problem. 

In the teeming area, ingot molds on a s t r ing  of c a r s  a r e  filled f rom the ladle con- 
J n  1967, about 94 percent of the r a w  taining the ent i re  batch of s t e e l  f r o m  the furnace.  

s tee l  produced in the United States was poured into ingot molds .  
bitumens as mold coatings h a s  been curtailed in the past  decade to  give a decrease  in  
the amount of visible emiss ion  during teeming. However, with some present teeming 
pract ices ,  visibility can become highly r e s t r i c t e d  a t  the teeming station. 
tion is  available on the character is t ics  of the emiss ions  at the teeming station o r  on 
methods of controlling the emiss ions .  
by emiss ions  during teeming may be classified a s  modera te ,  but deserving of m o r e  
attention than i t  r ece ives .  

The use of t a r  and 

No informa-  

Generally,  the degree of pollution contributed 

Bas ic  Oxygen Furnace 

About half of the s tee l  i n  the United States will be made by the bas ic  oxygen 
furnace  (BOF) p rocess  by the end of 1969. 
lined with r e f r ac to ry  brick,  charged through the top and tilted for  tapping. 
usually consists of hot me ta l  and s c r a p  in  the rat io  of about 7 0  to  30, plus burnt l ime.  
A water-cooled lance impinges oxygen at high velocity on the sur face  of the charge to 
cause violent agitation and intimate mixing of the oxygen with the molten i ron .  Rapid 
oxidation of carbon, silicon, manganese,  and some of the iron occurs .  These exo- 
the rmic  reactions supply heat to reach  the tapping tempera ture .  
charge enter  the s lag .  
35 minutes.  

The furnace is a pear-shaped s tee l  shell  
The charge 

lmpurit ies in the 
A typical 150-ton furnace can produce a batch of s teel  in  about 

Kish is r e l eased  when the hot me ta l  is charged and cooled by contact with the 
co ld-scrap  charge .  Only pa r t  of the kish is  contained in  the furnace.  Dark brown 
smoke evolves a t  the s t a r t  of the blow f r o m  oxidation of the i ron.  It pe r s i s t s  until the 
silicon, manganese,  and phosphorus begin to oxidize; these oxides en te r  the s l a g .  Some 
si l ica ,  l ime fume, and sma l l  amounts of manganese enter  the off g a s .  Then carbon is  
oxidized and evolved, chiefly as carbon monoxide. 
with the off gases to bu rn  the carbon monoxide as the off gases  a r e  collected. 
eliminates the possibility of a n  explosion f r o m  ignition within the exhaust sys t em.  Many 
furnaces  a r e  equipped with waste-heat boi lers  for  t he rma l  recovery f r o m  burning of the 
c a r b o n  monoxide. 
minimize the amount of air aspirated into the off gases to reduce the problems f rom 
overheating of the hood and duct work.and to reduce the volume of gas  that mus t  be 
cleaned. 
s to red  fo r  subsequent use  a s  fuel. 

An excess  of a i r  is usually mixed 
This 

Some newer pract ices ,  not yet in  use  in the United States,  deliberately .. 

The cleaned gas  is then flared safely into the atmosphere,  o r  is collected and 
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The kish formed during the charging of hot me ta l  consists of angular flakes of 
graphite having smooth su r faces .  
of opaque magnetic i ron oxide particles,  rounded particles of r e d  i ron oxide, and 
t races  of quartz and calcite.  

The emiss ion  of k i sh  may include coarse  f ragments  

The sil ica fume that occurs  in the e a r l y  pa r t  of the blow is collected as a gray  to 
off-white ma te r i a l .  It often contains small amounts of iron, manganese,  and carbon. 

During the BOF blow with oxygen the predominant particulate emiss ion  is  brown 
iron oxide. 
tend to agglomerate .  
covered with r e d  i ron oxide. 
the collected dus t  makes  the dust unsuitable for sintering for feed to the blast  furnace.  

The particulates a r e  rounded, transparent,  sma l l e r  than 1 micron ,  and 
Some fine,  black spheres  of magnetite a r e  present  and a r e  

Lf galvanized s c r a p  is pa r t  of the charge,  zinc oxide in 

The fineness of the BOF particulates makes  them difficult to m e a s u r e .  A s  a 
result, s ize  analyses have varied widely. 
1 micron,  with a median of 0.45 micron,  and ( 2 )  99 percent sma l l e r  than 0 . 2  micron ,  
with a median of 0 .065  micron .  
0.012 micron .  
65 percent is  between 0 . 5  and 1 . 0  micron,  and 15 percent is between 1 . 0  and 
1 . 5  microns .  

Reports  show (1) 95 percent  a r e  sma l l e r  than 

A more  recent  r epor t  gives a median diameter  of 
Another r epor t  s ta tes  that 20 percent i s  sma l l e r  than 0 . 5  micron ,  

Dust concentration (as  repor ted  by one source)  varied f r o m  2.02 to 4 .  96 grains/  
scf .  Another source  s ta tes  it is  up to 20 g ra ins / sc f .  The volume of exhaust gas (a t  
temperature  of combustion) i s  about 25 times g r e a t e r  than the volume of oxygen blown. 
The amount of dust p e r  net ton of r aw steel  was reported in 1959 to range f r o m  14.5 
to 27 .4  pounds. In 1968, an  average of 40 pounds pe r  ton was repor ted  by one plant. 
Others state it is 1 to 2 percent  of the weight of the metall ic charge.  

In the Stora-Kaldo Oxygen P rocess ,  a cylindrical  vesse l  is rotated in  a lmost  a 
horizontal position. 
vessels .  
Sharon Steel Corporation has  the only two Kaldo furnaces in the United States,  ra ted  
a t  150 tons per heat.  
particulate emiss ions  f r o m  the BOF; only 6 percent is  sma l l e r  than 1 micron ,  probably 
a s  a r e su l t  of agglomeration. 
ton of r aw steel .  

Operating principles a r e  s imilar  to those for  the upright BOF 
More s c r a p  can be charged than in  the BOF, but the heat t ime' is  longer.  The 

The size of particulate emiss ions  is repor ted  to be l a r g e r  than 

About 10 pounds of dust a r e  said to be generated pe r  net 

Teeming of BOF s t e e l  is conducted i n  the same manner  a s  was descr ibed  for open- 
hearth s teel .  

Electr ic  Furnace 

In 1967, e lec t r ic  furnaces  produced about 11 percent of the total  r aw carbon s t e e l  

These furnaces  are re f rac tory-  
made in the United States and 36 percent of the alloy and stainless steels. 
cent of the electric-furnace heats were carbon s tee ls .  
lined cylindrical basins having a capacity of up t o  250 tons.  
under 50 tons; 36 percent were between 50 and 90 tons, and 24 percent  were  over 90toriS- . 
in capacity. 

About 59 p e r l  

In 1968, 40 percent were 
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High-cur ren t  e l ec t r i ca l  energy is passed through large graphite electrodes extend- 
ing down through the roof of the furnace. 
cas t - i ron  sc rap ,  pig i ron,  alloying elements  to achieve the des i red  composition, and 
f l u x .  
charge.  

The charge consists of select  s tee l  s c rap ,  

Melting is accomplished by the hea t  of the a r c  between the electrodes and the 

Preheating of the s teel  s c r a p  is  not a common practice for shortening the heat 
time. 
Oxygen-fuel bu rne r s  a r e  used to a limited extent. 
1800 F. 
bustible ma te r i a l s  such as oil  o r  rubber a r e  in  the sc rap .  

If preheating is practiced, it is  done mos t  commonly with air - fuel  bu rne r s .  

Thus, preheating c rea t e s  no significant emiss ion  problems,  unless com- 
The s c r a p  is r a r e l y  heated to above 

Electr ic  induction furnaces mel t  special  alloys on a small sca le .  If the charge i s  
f ree  of t r a m p  combustibles, emiss ion  f rom these furnaces is minor  and i s  readily 
collected in simple equipment. 

Emiss ions  in  the e l e c t r i c - a r c  furnace can originate f rom light s c r a p  that oxidizes 
readily, f r o m  dir ty  s c r a p  (a major  source) ,  and f r o m  oxygen lancing. The emiss ions  
a r e  fume f r o m  s c r a p  preheating, dust f r o m  the melting operations, and furnace off gas.  
Information is not available on the nature of the dus t  from preheating sc rap .  The com- 
position of the dus t  will be influenced by the f reedom of the s c r a p  f r o m  volatile or com- 
bustible ma t t e r .  The dust f r o m  operation of the furnace consists of opaque, rounded 
grains that a r e  peach to reddish in  top light. 
composition of the s tee l  being melted and s tages  of making a heat.  

.- 

Its composition i s  dependent upon the 

The amount of dust per net ton of s tee l  is dependent upon the condition of the s c r a p  
and whether or not oxygen lancing i s  used. 
emiss ions  to a s  high as 30 pounds per net ton of s teel .  
oxygen lancing produces 2 0  percent of the total  emiss ions  in making a heat.  

Par t icu lar ly  dirty s c r a p  can r a i se  the dust 
It has been est imated that 

The composition of the off gas f r o m  the e lec t r ic  furnace var ies  with the slag 
pract ice ,  the stage of the heat,  and whether o r  not oxygen lancing i s  used .  The chief 
constituents a r e  carbon monoxide, carbon dioxide, nitrogen, and oxygen. Changes in  
the composition of the off g a s  during the course of a heat can vary  considerably. 
Typically the carbon monoxide content r i s e s  sharply during the boil and again during 
oxygen lancing, while the carbon dioxide content usually stays below 15 percent a t  a l l  
t imes .  

Emiss ions  leave the furnace through the electrode ports  in the furnace roof, out 
of the tapping spout and slagging door, and (in the case of top-charged furnaces)  through 
the open furnace top during charging. Three ma in  types of sys t ems  a r e  used to collect 
the emiss ions :  
extraction f r o m  the inter ior  of the furnace, and ( 3 )  shop-roof sys t ems .  

(1) hoods over and around the furnace at  points of emiss ion ,  ( 2 )  direct 

In the first sys tem,  hoods a r e  fi t ted a t  the points of emission, and ducts pass  the 
emiss ions  to the dust collector.  
furnaces .  
visibility f r o m  the c rane -ope ra to r ' s  cab. 
seldom la s t  1 y e a r .  

Hoods mus t  be movable when used with top-charging 
. They also add to operational hazards  because they tend to  obscure the 

Warpage of the hoods is a problem. They 

Direct extraction by means  of a duct entering the furnace roof causes air to  flow 
into the furnace,  and thus minimizes  the discharge of emiss ions  through the doors and 
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electrode ports .  
trode consumption by 8 percent.  
in the s tee l  bath, and c rea t e s  some difficulties with carbide s lags  that a r e  used in re- 
fining of special  s teels .  
(600 feet  is  requi red  in  some cases) ,  to cool the gases by radiation to a safe tempera-  
ture before they enter  a bag house. 

This sys t em inc reases  roof life by 16 percent and dec reases  e l ec -  
It causes lower recovery of some alloying elements 

Heat exchangers  m u s t  be used, o r  a minimum duct length 

In the shop-roof extraction sys tem,  the shop building se rves  as the collector hood. 
Ducts in the roof of the building exhaust the emiss ions  to the dust-collecting sys t em.  

Teeming practice is  the same  a s  for open-hearth and BOF steels. Some e l ec t r i c -  
furnace shops use  roof-extraction exhaust sys t ems  in the teeming building to collect 
the fumes and exhaust them to the main  bag house. 

Heats of leaded and resulfurized g rades  of s tee l  can be made in the open hearth,  
BOF, o r  e lec t r ic  furnace.  F o r  leaded s tee ls ,  a hood exhaust sys t em to a bag house 
collects the toxic fume during teeming. 
practiced to prevent reoxidation during continuous casting of vacuum-degassed hea t s )  
is  probably imprac t ica l  for  emiss ion  control when teeming into a s e r i e s  of ingot molds.  

High-energy sc rubbe r s  installed on one oxygen-lanced e l ec t r i c  furnace producing 

Shrouding of the s t r e a m  with argon (as is 

-~ - 
.- - a dust concentration of 3 . 2  to 6 . 4  g ra ins / sc f  have reduced the dust output to the range 

of 0.026 to 0.  0512 g r a i n s / s c f .  
0.0064 g ra ins / sc f .  Electrostat ic  precipi ta tors ,  not performing a s  well, reduced the 
dust loadings to a range of only 0.256 to 0. 512 grains/scf .  

Bag houses have reduced i t  to the range of 0 .004  to 

Electr ic  furnaces  do not evolve the high gas volumes generated by either open 
hear th  o r  BOF furnaces.  
furnaces  is  e a s i e r .  The majority of e lec t r ic  furnaces are top-charging furnaces,  which 
means that during the charging operation the furnace is open to the atmosphere and con- 
siderable amounts of emiss ions  can be released.  Other design character is t ics  of e l ec -  
t r i c  furnaces  contribute to the problem of effectively controlling electric-furnace e m i s -  
sions. These problems have resulted,  in some cases ,  of using complete building 
evacuation a s  a means  of pollution control. 
furnaces  a r e  now being installed and have been installed recently, m o s t  of these with 
emission-control  sys tems,  accura te  information on the amount, s ize ,  and composition 
of particulate and gaseous effluents were  remarkably  spa r se  and difficult to obtain during 
the present  study. 
because the next decade will see  continued growth of the electric-steelmaking p rocess .  

This is not to imply that the control of emiss ions  f r o m  electr ic  

In spite of the fac t  that many new electr ic  

This dea r th  of reliable and complete information should be remedied 

Vacuum Degassing of Molten Steel 

For  cer ta in  cr i t ical  applications, the s teel  mus t  be cleaner with respec t  to in-. 

These objectives a r e  attained by vacuum t rea tment  of the molten 
clusions and lower in  hydrogen content than is commonly achieved by conventional s teel-  
making pract ices .  
steel .  Three methods a r e  used: (1) s t r e a m  degassing, ( 2 )  circulation degassing, and 
(3) ladle degassing. .. ., 

In s t r e a m  degassing, a bottom-pour ladle is sealed to a vacuum chamber contain- 

If the s t r e a m  is collected in  a second ladle in  the vacuum chamber,  the p rocess  
ing a n  ingot mold.  
mold.  
is  called l ad le - s t r eam degassing. 
pouring the s t e e l  into ingot molds o r  into a continuous-casting machine. 

The s t r e a m  of s teel  f r o m  the ladle is  degassed a s  it falls into the 

The second ladle is removed f r o m  the chamber for 
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To achieve the highest degree of degassing, either the circulation-degassing or 
In circulation degassing, part  of the molten s t e e l  in  ladle-degassing method is used. 

the open ladle is lifted via a snorkel into a vacuum chamber.  
in the D-H process  in which the steel  is sucked up  and returned repeatedly until the 
hydrogen and oxygen contents in the s tee l  drop to the des i red  levels.  
Flow p rocess  and the R-H process ,  two snorkels a r e  used .  
iner t  gas  in one snorkel to cause the s tee l  to flow up that snorkel,  into the vacuum 
chamber ,  and down the other snorkel back to the ladle.  
circulation in the snorkels is enhanced by the directional s t i r r ing  force f r o m  electr ical  
induction coils surrounding the snorkels .  

Only one snorkel i s  used 

In the Thermo- 
Both processes  inject an 

In the Thermo-Flow process ,  

In ladle degassing, the filled ladle is set  in  a vacuum tank. Degassing t ime is de- 
c reased  by agitating the molten meta l  by bubbling argon through it o r  by s t i r r ing  it by 
means  of an  induction coil. 

The source of emiss ions  is the molten s t e e l  in the vacuum chamljer. The three 
principal gases  emitted a r e  carbon dioxide and carbon monoxide f r o m  the reaction of 
carbon and oxygen in  the s tee l  and the hydrogen f r o m  solution in  the s teel .  Violent 
agitation of the molten s teel  and vaporization of the metall ics (because of the low p r e s -  
s u r e )  both generate dust, much of which deposits on the walls in the vacuum chamber .  

The composition of the off gases  var ies  with the grade of s tee l  and the extent of 
d 

the vacuum t rea tment .  
tion is up to 80 percent carbon monoxide, up to 20  percent carbon dioxide, and up to 
15 percent hydrogen. 
can vary f r o m  18 to 50 percent carbon monoxide, 20  to 70  percent hydrogen, 15 to 
75 percent nitrogen, and 1 to 6 percent carbon dioxide. 
p resent  in the off gases  f r o m  air in the sys t em or f r o m  aspi ra ted  air. Water is always 
present  f r o m  the s t e a m  e jec tor .  

In the circulation-degassing D-H process ,  the average composi- 

The composition of the off gases  f r o m  vacuum-stream degassing 

Nitrogen and argon a r e  

The dust that is deposited on the walls of the vacuum chamber is finely divided - . often so fine that it is  pyrophoric and ignites when a i r  is admitted into the chamber .  
composition of the dust var ies  according to the composition of the s teel  being t reated.  
Data on the amount and size of the dust c a r r i e d  f r o m  the vacuum sys t em is s p a r s e  and 
difficult to obtain. 

The - 

The s t eam ejectors  that a r e  used to create  the vacuum also serve  a s  s c rubbe r s .  
Thus, little dust is re leased  to the atmosphere.  One source of information s ta tes  that 
about 10 pounds of dust  a r e  collected i n  degassing 100-ton hea t s .  

Depending on the amount of s teel  to be t r ea t ed  and on the level of vacuum required, 
a degassing installation may have f r o m  4 to 6 s t e a m  ejectors  with intercondensers.  
Usually the cleaned gases  a r e  emitted to the a tmosphere .  
through a water  hot well (to avoid a hazard  to personnel),  the gases  a r e  ignited and 
f l a r ed  to the a tmosphere .  
s tee l  and the amount of hydrogen that is to be removed.  

If the gases are passed 

The amount of gases  depends on the carbon content of the 

Control of particulate emiss ions  is  good and is accomplished economically by 
entrapment  in the hot wells of the s t e a m  ejector  sys t em.  The cleaned off gas contains 
considerable amounts of carbon monoxide and hydrogen which sometimes is f lared for  
d i spe r sa l  in  the atmosphere.  
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Although vacuum degassing of s t e e l  is increasing in commerc ia l  importance and 
use, its contribution both to particulate 'and gaseous emissions f r o m  a s tee l  plant is  
minuscule, and is expected to remain  so. 

Continuous Casting 

In continuous casting, molten s teel ,  poured into a water-cooled copper mold, 
quickly cools to the shape of the mold and is withdrawn continuously. 
capacity i n  the United States in  1968 i s  about 7 million net tons pe r  yea r ,  and is  ex-  
pected to be doubled in  1969. 
cent of the total s tee l  production. 

The es t imated  

The ultimate capacity is expected not to exceed 50  p e r -  

Emiss ions  during continuous casting a r e  markedly lower than for  teeming into 
ingot molds, because the rape seed mold coating c rea t e s  only a small amount of fume. 
Continuous casting is conducted in one location r a t h e r  than over a large a r e a  such as 
used for conventional teeming. This confinement permi ts  the use  of a m o r e  localized 
fume-collecting sys t em to enhance the efficiency of collection. The tundish i s  some-  
times blanketed with a reducing gas  to minimize oxidation of the s teel .  
reoxidation of vacuum-degassed heats,  the s t r e a m  of s teel  f r o m  the tundish to the mold 
sometimes is shrouded with argon.  
f r o m  this a r e a .  
exhaust sys tem.  

To prevent 

-- r -  This a l s o  s e r v e s  to inhibit escape of emiss ions  
Steam generated by the secondary cooling sp rays  is collected in  an  

Continuous casting contributes very  l i t t le to air pollution. As in the case of in- 
creasing replacement  of open-hearth furnaces by BOF and e lec t r ic  furnaces,  it is  
fortunate that the newer and growing technology (continuous casting) presents  much l e s s  
of an  air-pollution problem than the p rocess  that is  tending to be replaced (conventional 
teeming of ingot molds ) .  

P r e s s u r e  Casting 

In p r e s s u r e  casting, the ladle of molten s tee l  is placed in  a p r e s s u r e  tank. When 
a i r  p re s su re  is  increased  in  the tank, the molten me ta l  flows up through a ce ramic  tube 
leading f r o m  the bottom of the ladle, through the top of the tank, and into a graphite 
mold where solidification takes place. Total  U. S. production is est imated to be only 
about 1/2 million net tons in  1967, with an  inc rease  to  about 1 million i n  1969. 
this process  has been used mainly for casting s ta inless  s tee l  slabs and some billets and 
tubes, in  1969 a plant will be placed in  operation to cast  carbon s teels .  

Although 

Emiss ions  contributing to a i r  pollution are considered to be negligible in  the 
pressure-cas t ing  process .  
exothermic mixture  in  the hot top and f r o m  cutting off the r i s e r  and gate f r o m  the cast-  
ing with a torch. 

Minor amounts of i ron  oxide fumes a r e  generated by the 

P r e s s u r e  casting r ep resen t s  such a s m a l l  percentage of s t e e l  c a s t  that this 
method deserves  consideration f r o m  an  air-quali ty standpoint only on a local basis  
where the p rocess  is employed. 
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Steel Shaping 

Soaking Pits and P r i m a r y  Breakdown 

Soaking pits a r e  furnaces in which ingots a r e  brought to  the des i red  equalized 
tempera ture  for roll ing.  They a r e  f i red  with blast-furnace g a s ,  coke-oven gas ,  o r  a 
mixture .  Data a r e  not available on the emiss ions  that occur during charging and re- 
moving of ingots, o r  during fir ing,  but the amounts of particulate emiss ions  a r e  con- 
s idered  to be negligible. 
monoxide. 
hydrogen sulfide. 
sulfur dioxide in  the exhaust gases. 

Gaseous emiss ions  a r e  mixtures  of carbon dioxide and carbon 
Sulfur dioxide is  also present  if the coke-oven gas has not been f r eed  of 

No economical commerc ia l  method is  available for removal  of the 

During breakdown of the ingots by rolling into bil lets,  blooms, o r  slabs,  the major  
emiss ion  is s t e a m  which is  confined in  the building. Emiss ion  of dust  is minor .  

Conditioning, Reheating, and Hot Rolling 

After ingots a r e  rolled to billets, b looms,  o r  slabs,  they a r e  cooled and inspected, 
and surface defects a r e  removed by grinding, chipping, peeling, o r  scarfing with hand 
torches.  
gas,  blast-furnace gas ,  o r  natural  gas .  Some plants rehea t  slabs and bil lets with 
electr ical  induction coils.  
before they enter  the hot-s t r ip  mill. 

Then the s tee l  is reheated in  a once-through furnace f i red with coke-oven 

Reheated slabs are usually sca r f ed  with automatic machines 

The fine particulates generated during grinding a r e  a i rborne  only a short  distance, 
and probably only r a r e l y  escape  the building. 
ing station. Chipping and peeling create  insignificant emiss ions .  Billet scarfing 
causes  a me ta l  l o s s  ranging f r o m  3 to 6 percent;  but mos t  of the lo s s  is spat ter ,  not 
fume. 
sometimes if  the shop practice calls f o r  extensive hand scarfing. 
of s l abs  is up to 2 . 5  percent,  and up to 7 percent  for  blooms. 
concentration of 0 . 2  to 4 . 4  gra ins / scf  for scarfing s labs .  
3 gra ins / scf  when the gas flow ra te  is 75,000 to  135,000 cfm during the sho r t  period of 
operation of a scarfing machine.  
lected with electrostat ic  precipitators o r  high-energy sc rubbe r s .  
would r e su l t  in s e r ious  a i r  pollution i f  collection-control sys tems were not u sed .  

Sometimes they a r e  collected a t  the grind- 

c_ -- Usually no emiss ion  control is used in  hand scarfing, except that hoods a r e  used 
The lo s s  in scarfing -_ 

One reference  gives a 
Another places i t  a t  2 to 

The emiss ions  are chiefly i ron oxides and a r e  col-  
Machine scarf ing 

Emissions during reheating of s tee l  billets and slabs a r e  mixtures  of carbon mon- 
oxide, carbon dioxide, nitrogen, and mois ture  f r o m  the combustion of natural  gas .  
Emiss ions  a t  the rolling mills themselves  consist  most ly  of s t eam which is confined to 
the a r e a  of the mills. 
is  considered to be significant enough that some mi l l s  collect these emiss ions  with 
high-energy sc rubbe r s .  

The emiss ion  of submicron iron oxide at strip-finishing stands 

Except for  scarfing operations, no ser ious emiss ion  problem exis ts  in the ope ra -  
tions that involve conditioning, reheating, and hot rolling. This conclusion applies a lso 
to hot-forging and hot-forming operations. 
the emiss ions  f r o m  scarfing operations. 

Control sys tems a r e  available to contain 
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Acid Pickling 

Acid t rea tment  (called pickling) is used  to clean the oxidized surface of hot-rolled 
s teel  in preparation for  cold rolling. 
f r o m  sulfuric to hydrochloric acid, the overal l  economics and advantages of the use  of 
one over the other have not yet been resolved.  
during pickling. 
tower. 
per ton of steel .  
sidered to be too costly and the fumes may be ejected to  the atmosphere through a roof 
exhaust. 

Although some pickling l ines a r e  being converted 

Acid fumes are the chief emiss ions  
Hoods exhaust these fumes usually to a wet scrubber  and packed 

For  pickling low tonnages of steel ,  the cleaning sys tem may be con- 
One source states the collection rate is about 100 grains  of hydrochloric acid 

Pickling can contribute moderately to air pollution i f  sys t ems  a r e  not used to 
collect and capture the acid fumes. 

Cold Rolling and Cold Forming 

In high-speed cold rolling, a water -o i l  mist is generated f r o m  the emulsion 
lubricant applied to the ro l l s .  
el iminators o r  wet sc rubbers .  
tribute to air pollution. 

Collection of this emiss ion  is by mechanical m i s t  
Neither cold-rolling nor cold-forming operations con- 

Annealing 

Annealing of s teel  sheet o r  s t r i p  is done in a batch o r  continuous manner .  In the 
batch process ,  a removable shell  covers  the coiled s teel .  Combustion gases heat the 
shell, and a prepared  gas  o r  protective atmosphere inside the shell  prevents oxidation 
of the coil. 
strand through a furnace having a controlled atmosphere in the heating, holding, and 
cooling zones of the furnace.  Products  o ther  than shee t  and s t r i p  a r e  usually heated . , . 

In the continuous process ,  the coil is  annealed by passing i t  as a single 

_A 

directly by combustion gases .  ( -’ 
Air pollution f r o m  annealing operations is insignificant, except when sulfur - 

bearing coke-oven gas is used  as the fuel f o r  f ir ing the furnaces .  

Steel  Finishing 

Continuous-strip l ines lend themselves  to ready  control of emiss ions  during coat- 
ing operations.  Coatings a r e  zinc, tin, terne (lead alloy), aluminum, chromium, 
nickel, copper, phosphate, and a broad spec t rum of paints and other organic m a t e r i a l s .  
P r i o r  to coating, the s t r i p  is  heated to carbonize g rease  o r  oil  f i lms,  and the lightly 
oxidized surface is cleaned in an  acid tank o r  by the action of a reducing atmosphere in  
a furnace. A hot alkaline solution may be used  instead of heat to remove the g r e a s e  
fi lm before pickling. 

In dip coating (zinc, aluminum, and t e rne  coat) ,  the preheated s t r i p  is  t reated with 
a flu or  passed through a f lux  layer  on top of the me ta l  bath. In electrolytic processes  
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(zinc, chromium, nickel, and copper), the cleaned s t r i p  en te r s  directly into the plating 
bath. Recent p rocesses  for coating with chromium and nickel involve coating with 
chemicals  that a r e  reduced in a hydrogen a tmosphere  to produce the coating metal .  
Phosphate coatings a r e  produced by dipping s tee l  in  a dilute acid phosphate solution 
saturated with a me ta l  such a s  zinc, cadmium, aluminum, o r  lead. The me ta l  surface 
is converted to a n  insoluble crystall ine phosphate coating. 
cleaned s t r i p  by an electrophoretic process  by passing cleaned, w a r m  s t r i p  through a 
paint tank, o r  by rol ler  coating. In the electrophoretic process ,  an  e l ec t r i ca l  charge 
applied to a solution of paint in water causes  the r e s ins  to move to the oppositely 
charged s teel  s t r i p  immersed  in the solution. 
paint par t ic les  squeeze out the water.  
Painting operations emi t  solvent vapors which a r e  collected by an  exhaust sys t em that 
d i spe r ses  the vapors to the atmosphere outside the building. 
vapors  a r e  combusted in direct-f i red ovens o r  are exhausted to the a i r  in indirectly 
heated ovens. 

Paints a r e  applied to 

Upon contacting the s teel  s t r ip ,  the 
After washing, the paint is  baked on the surface.  

During baking, the evolved 

In these finishing operations, emiss ion  of particulates is negligible. Heating of 
the s t e e l  r e su l t s  in stack gases  having the no rma l  compositions f rom combustion of 
natural  gas .  
readily collected by hoods and removed in wet s c rubbe r s  and packed towers.  Some 
particulates and/or  vapors  a r e  emitted f r o m  dip-coating baths, but data a r e  meage r .  
Information f r o m  two job-shop dip-galvanizing plants indicate that the s ize  of the particu- 
la tes  i s  about 2 microns .  No information was available on the emission-control sys tems.  

Acid mists f r o m  pickling and vapors  f r o m  electroplating baths a r e  

In general ,  the amounts of particulate emiss ions  f r o m  steel-finishing operations 
Gaseous emissions a r e  relatively minor  and appear  to  be susceptible to good control. 

appear  to be a problem only (1) when fuels contain sulfur,  and ( 2 )  when the process  emits 
vapors  f r o m  organic ma te r i a l s  used in  coatings. The fo rmer  always is  a problem; 
the la t te r  is  amenable to good control by application of existing washing equipment. 
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FUEL AND ENERGY UTILIZATION 

During the pas t  10 years ,  the pat terns  of use  of fuel and energy in i ron  and s t ee l  
plants have been changing significantly. 
advent of oxygen steelmaking, ( 2 )  major  improvements in  blast-furnace technology, 
(3) increase in average i ron  content of ma te r i a l s  in the blast-furnace charge,  and (4 )  a 
16 percent  decline overal l  in the amount of fuel  energy used p e r  ton of i ron  and s tee l  
produced. 

The mos t  important changes include ( 1 )  the 

F r o m  the standpoint of the s teelmaker ,  the sulfur content of his  fuels would be an 
i tem of high concern,  even i f  air-polluting influences of high-sulfur fuels could be 
ignored. 
and sulfur is an  undesirable e lement  in  m o s t  i ron  and s tee l .  
energy is derived ult imately f rom coal ( in  p a r t  by coking i t  and then burning the coke, 
and in p a r t  by burning coal to produce electr ic i ty) ,  s tee lmakers  mus t  be vitally con- 
cerned with a var ie ty  of coal-based problems - (1)  particulate ma t t e r  f r o m  the com- 
bustion of coal o r  coke, ( 2 )  sulfur that en ters  the i ron  o r  s tee l  because of the use of 
coal and coke in the process ,  and (3) gaseous emissions f rom combustion of the coal 
o r  coke. 

Fue ls  a r e  the main source  of inputs of sulfur into the steelmaking process ,  
Because mos t  steelmaking 

This discussion was prepared  to analyze some of the principal t rends  and counter- 
trends of fuel  and energy use  in s tee l  plants .  
evaluating the possible effects  of changes in a i r -qual i ty  s tandards upon future pat terns  
of use of steelmaking energy. 

It will be useful a s  background f o r  

There  a r e  three  p a r t s  to the analysis:  

The f i r s t  par t  p resents  a s ta t is t ical  summary  of fuels used over the 

Although elec-  
10 y e a r s  f r o m  1958 to 1967 by type of fue l .  
mation on purchased electr ic i ty  and steelmaking oxygen. 
tr icity and oxygen a r e  not fuels ,  they have had a s t rong influence on overal l  
energy pat terns  in the s tee l  industry,  and their  manufacture requi res  heavy 
use  of fuels and/or  energy. 
meta l ,  and this u se  is growing. 
some components in the me ta l  to s e r v e  as fuels,  and thus indirectly sup- 
plants conventional fuels .  

The summary  includes infor- 

Electr ic i ty  can be used d i rec t ly  f o r  melting 
Oxygen used during steelmaking causes  

In the second par t ,  the application of energy sources  to key operations 
of ironmaking, steelmaking, and s t ee l  processing is examined. The known 
determinants  of fuel choice a r e  stated,  with attention to fuel economics,  
p rocess  technology, and other  influences.  F r o m  this pa r t  of the analysis ,  
it is possible to draw some prel iminary conclusions about fu ture  evolution 
in the absence of new constraints  such as tighter emission s tandards.  

The third pa r t  d raws  upon the f i r s t  two and i l lustrates  how considera-  
tions of pollution control  and process  economics may be expected to in te r -  
ac t .  
c leaner  fuels ,  the ra te  of change de termines  the effect on a i r  quality. 
the present  trend of emissions is unfavorable,  the magnitude of economic 
p r e s s u r e  behind the change is important .  
changes in air-quali ty s tandards will tend to acce lera te  some of the present  

In those situations in which p resen t  t rends a r e  in the direct ion of 
When 

It may well  be that anticipated 
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-. t rends and to r e v e r s e  o the r s .  Attention i s  called,  finally, to the long-term 
.- fu ture  situation regarding U .  S. fuel  suppl ies .  It is possible that shor t - te rm 

decisions to u s e  "clean" fuels ,  made now on the basis of pollution c r i t e r i a ,  
may not be sustainable in the long t e r m  i f  na tu ra l  gas and oil  become s c a r c e .  

-. 
-- . 

10-Year Summary of Fuel  Usage 

The American I ron  and Steel Institute publishes annual data  on the use  of fuels in 
i ron  and s tee l  plants .  
of use  ( e .  g . ,  s teelmaking furnaces) .  
t r ic i ty  in  s t ee l  plants a r e  a l so  given by the AISI. 
about 95 percent  of the productive capacity of the U. S. s tee l  industry.  

These data a r e  par t ly  subdivided according to broad categories  
Corresponding data fo r  u se  of oxygen and e lec-  

Typically, these s ta t is t ics  cover 

Table V-1 summar izes  the total use of steelmaking oxygen, purchased electricity,  
and each pr incipal  fuel  fo r  the 10 yea r s  f r o m  1958 to 1967. Although the weight of coal 
used to make coke is repor ted  by the AISI, coking coal has been deleted f r o m  this sum- 
m a r y  because the fuel use  of coking coal occurs  in  the f o r m s  of coke, coke-oven gas ,  
and t a r  o r  pitch.  Table V - 1  shows consumption of blast-furnace gas  for  1966 and 1967, 
but data a r e  miss ing  fo r  p r i o r  yea r s .  All blast- furnace gas  is ult imately derived a s  a 
recuperat ion f r o m  use  of other fuels in  the blast  furnace.  

The few t rends  i l lustrated in Table V- l  a r e  uncomplicated. There a r e  no definite 

The overal l  con- 
t rends in  total consumption industry-wide of coal, t a r  and pitch, o r  coke-oven gas,  but 
there  may  be a downward trend (since 1965) in total  use  of fuel oil .  
sumptions of coke, na tura l  gas, and LP gas' have clear ly  r i s en  with increased s t ee l  
and i ron  production. 
( l is ted fo r  purposes  of comparison)  have shown strong and sustained increases  over the 
pas t  decade. 

.& 

Total consumption of steelmaking oxygen and purchased electr ic i ty  

The information of Table V-1 is presented  in  a different context in Table V-2, in  
which the data a r e  adjusted to consumption p e r  ton of crude s t ee l  plus merchant  pig 
i ron .  In Table V - 2 ,  c l ea r  downtrends appear  in  the use  of coal, coke, oil, and t a r  p e r  
ton of s tee l .  No c lear  t rends may  be cited for  consumptions of LP gas, natural  g a s ,  
and coke-oven gas ;  but ( jus t  a s  for  total consumption in Table V - 1 )  both oxygen and 
purchased electr ic i ty  show strong growth p e r  ton of s t ee l .  The t rends toward use  of 
m o r e  electr ic i ty  and m o r e  oxygen pe r  ton of s t e e l  and of much l e s s  liquid and solid fuel 
a r e  principal findings of this p a r t  of the study. However, i t  is to be noted that not all 
of the changes a r e  continuing: unit consumption of coal and t a r  p e r  ton of s tee l  s eems  
to have stabil ized a s  of 1964, and coke consumption pe r  ton of s tee l  has  been s teady 
s ince 1963. 

Table V - 3  presen t s  a suggested basis  for  d i r ec t  energy comparisons among fuels ,  
The s ta ted energy contents (expressed in Br i t i sh  thermal  uni t s )  a r e  typical for the 
fuels  studied, but a given lot of any fuel  could differ substantially f r o m  the quoted 
energy rating. 
signify that the value includes heat f rom condensation of the water vapor produced during 
combustion. 

The t e r m s  "high" o r  "gross"  applied to energy ratings of fuels mere ly  

The assignment  of a specific energy  value to steelmaking oxygen is 

~~ 

tiqueried petroleum gas or bottled gas. usually propane. 
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TABLE V-3. CONVERSION FACTORS FOR FUELS, STEELMAKING OXYGEN, 
AND ELECTRICITY AS APPLIED I N  STEELMAKING 

Energy Fac tor ,  
approximate g ross  o r  high 

I tem Common Phys ica l  Unit Btu released o e r  unit used 

Fuels 

Coal Lb (bituminous, 7 percent  a sh )  14,030 

Coke Lb (by-product, 7 percent  a sh )  13,220 

Fuel  oi l  Gal ( res idual)  148,600 

Ta r  and pitch Gal (c rude)  145,200 

LP gas Gal (commerc ia l  p ropane)  91,500 

Natural gas Ft3 (s tandardized)  1 ,000 

Blast-furnace gas F t 3  (standardized) 9 5 ( 4  

Oxygen Ft3  (based on refining of hot 435(b) 

Coke -oven gas  Ft3 (standardized) 500 

meta l  to s tee l )  

Electr ic i ty  kwhr 3,413 

(a)  Memorandum only - duplicates heat ass iped to coke, fuel oil ,  and gas charged to blast furnace. 
(b) Conjectural: for use of 153.5 pounds of oxygen at 0.084 pound per cubic foot to refine 18 lb silicon, 84 Ib carbon. and 

14 l b  manganese from hot metal, incidentally consuming 60 l b  iron. Thermodynamic data taken from Tables 8D-1 
and 8D-2 of Elliott. Gleiser, and Ramakrishna, Thermochemistry for SreelmakinE, Vol. 11. Reading, Mass., 1963, 
Addison-Wesley. (This information is invalid for oxygen used in the electric furnace or for enriching combustion in 
endwall burners of open-hearth furnaces. ) 
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conjectural ,  approximate,  and invalid fo r  some instances,  but this does not bias the 
energy analysis significantly, because the g rea t e s t  p a r t  of steelmaking oxygen r eac t s  
a s  i l lustrated in the explanatory footnote. 

Table V-4 summar izes  the 10 yea r s  of fuel, oxygen, and electr ic i ty  data in  energy 
equivalents p e r  ton of i ron  and s tee l  produced. This final adjustment of the industry-  
wide consumptions of Table V-1 shows the relat ive amount of energy supplied p e r  ton 
of i ron  and s t ee l  produced and allows d i rec t  comparisons among the fue ls .  It i s .note-  
worthy that roughly half of all s teelworks '  energy  is supplied a s  coke and that coke-oven 
gas  and natural  g a s  dominate the remainder .  Electr ic i ty  and oxygen, despite their  
c ruc ia l  importance to modern  steelmaking, a r e  seen  to be of minor  significance a s  
contributors to  total  energy - oxygen mainly has  contributed savings in t ime, not in  
energy, to the business of converting i ron  to s t ee l .  

F igures  V-1 and V-2  po r t r ay  the 10-year energy pat terns  graphically. In 
Figure V-1, the decline in  u s e  of solid and liquid fuels p e r  ton of s t ee l  is shown clearly,  
a s  is the i r r egu la r  pa t te rn  in  use  of gases .  Despite the steady growth pat tern f o r  the 
nonfuels (oxygen and electr ic i ty) ,  energetically these sources  have not even offset  the 
decline in use  of oil, t a r ,  and pitch a s  fuels.  Also, in Figure V-1, the sharp  breaks  
in use  of solid fuels f r o m  1958 to 1959 and f r o m  1960 to 1961 a r e  shown to be i r r e g u -  
la r i t i es  in an otherwise regular  downtrending pa t te rn .  

F igure  V-2 divides the graphic por t raya l  of energy use  to distinguish among non- 
fuels ,  foss i l  fuels used d i rec t ly  in their  normal  form,  and coal-conversion fuels (coke, 
t a r ,  pitch, and coke-oven gas)  made f rom coal at the coke ovens. 
o rd inary  foss i l  fuels were  replacing coal-conversion fuels f rom 1958 to 1962. There - 
af te r ,  both declined fo r  2 yea r s .  Since 1964, u s e  of coal-conversion fuels pe r  unit of 
i ron  and s tee l  has been s teady o r  increasing, and d i rec t  use  of fos s i l  fuels has continued 
to drop. The 1966-67 average  consumption of coal,  oil, LP gas ,  and natural  gas  was 
a lmost  6 percent  below the 1964-65 average.  

This shows that 

I t  i s  appropriate he re  to res ta te  the pr incipal  t rends,  fuel by fuel, a s  a prelude 
to the next discussion, which analyzes fuel applications according to categories of use :  

(1 )  The use of coal (as  coal)  has been s teady in  total amount used by the 
industry but has  declined m o r e  than 34 percent  p e r  ton of i ron  and 
s t ee l  produced. 

( 2 )  The industry 's  consumption of coke h a s  r i s en  with s tee l  production 
but has  declined about 19 percent  p e r  ton of i ron  and s tee l  produced. 

The total consumption of fuel oil  was steady, except in  the pas t  2 
yea r s  when it  appeared to decline. 
sumption of fuel  oil has declined s teadi ly  to  a level 44 percent  below 
that of 1958. 

(4) The use of t a r  and pitch has been s table  in total amount but has 
dropped by 3 3  percent  in  t e r m s  of u se  p e r  ton of i ron  and s t ee l  
product.  

( 3 )  
P e r  ton of s tee l  produced, con-  
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FIGURE V - I .  TOTAL ENERGY CONSUMED P E R  TON O F  JRON AND STEEL, 
ACCORDING TO PHYSICAL FORM O F  THE FUELS USED 
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(5)  LP gas  contributes only tr ivially to  steelmaking-energy consump- 
tion. 
in  consumption p e r  ton of s tee l .  

There  has  been a r i s e  in total consumption but no c lear  trend 

( 6 )  The total use  of na tura l  gas  has  r i sen  sharply,  but i r regular ly ,  by 
about 91 percent  over 1958 levels .  
a lmost  a l l  of the 31 percent  r i s e  occurred  between 1958 and 1961.  

The total u se  of coke-oven gas has  been i r regular ,  with sharp  peaks 
in  1960 and 1966. 
yea r s  1965-67 averaged 15 percent  below unit consumption p e r  ton 
in  1958-59. 

(8) Incomplete data indicate that about 13 percent  of the energy 
originally paid for a s  coke is ul t imately used in the form of b las t -  
furnace gas (a by-product of i ronmaking) .  

The total  use  of steelmaking oxygen h a s  increased  a lmost  eleven- 
fold in 10 yea r s .  
increased  m o r e  than seven-fold in  the same period. 

The amount of e lectr ic i ty  purchased  f r o m  outside suppl iers  a lmost  
doubled in the 10 yea r s  f r o m  1958 to 1967. Consumption p e r  ton 
of i ron  and s tee l  ro se  by about 56 kilowatt-hours, o r  31 percent .  

(11) Solid and liquid fuels los t  ground during the past  decade to gases  
and nonfuels. 

(12)  Although both direct-used foss i l  fuels and fuels converted f rom 
coking coal lost  ground in the 10-year period, the conversion 
fuels have fa red  bet ter  s ince 1963. 

P e r  ton of i ron  and steel ,  

( 7 )  
Consumption p e r  ton of i ron  and s tee l  fo r  the 

( 9 )  
The use of oxygen p e r  ton of i ron  and s t ee l  has  

(10) 

Analysis by Applications 

There  a r e  seven principal uses  of fuels,  steelmaking oxygen, and e lec t r ica l  
energy within the i ron  and s t ee l  industry: 

F i r ing  of coke ovens f o r  conversion of coal to coke and by-products 

Sintering of dusts  and fine o r e s  to make  blast-furnace feed 

Smelting of i ron  o r e s  and agglomerates  in  the blast  furnace 

Steelmaking, including remelting of s c r a p  and conversion of hot meta l  
to s tee l  

S team rais ing for  compressing blast  and for generating electr ic i ty  
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( 6 )  Reheating, annealing, and heat t reat ing of s t ee l  during processing 

( 7 )  Driving of mills, forges ,  and p rocess  l ines to shape, coat, and 
finish s t ee l  products.  

Minor uses  (as  f o r  comfort  heating, cur ing of re f rac tor ies ,  welding and cutting, and 
operation of per iphera l  equipment) are numerous.  

Energy sources  compete with each  other  technically and economically in a l l  but 
the las t  of the l isted uses .  
driving of mill mechanical equipment used in the rolling of s t ee l s .  
used, a s  in some forges ,  i t  is commonly r a i sed  in the same boi lers  that power the 
plant 's  e lec t r ica l  generators .  
of energy to major  p rocesses .  

Electr ic i ty  long has  had a technical near-monopoly upon the 
When s team is  still 

Accordingly, U s e  ( 7 )  i s  not discussed a s  an  application 

Fir ing of Coke Ovens 

The slot-l ike ovens that convert  coal  to coke a r e  a r ranged  in  long bat ter ies ,  like 
books on a shelf. Between each  p a i r  of ovens there  a r e  flues heated by hot combustion 
gases .  The sys t em of flues, ovens, and bu rne r s  r e s t s  upon regenerat ive checkerwork 
prehea ters  fo r  the combustion air, and f i r ing is r eve r sed  on a p r e s e t  schedule so that 
waste heat f r o m  the flues is recuperated.  

The pr incipal  c r i t e r i a  for  fuels used in  underfiring coke ovens a r e  cleanliness, 
uniformity of heat re lease ,  and proper  (nonexplosive) behavior during r e v e r s a l  of the 
regenerative cycle. Risks  of explosive conditions, deposits in the flue system, and 
uneven heating mus t  be avoided, because a coking battery is expected to operate con- 
tinuously for 30 yea r s  o r  m o r e  without ma jo r  r e p a i r s .  

Coke-oven gas  and blast-furnace gas  furn ish  mos t  of the energy requirements  fo r  
underfiring American coke ovens. 
with by-product gases  to enr ich them. 
enr ich  blast-furnace g a s  in s t ee l  plants,  spec ia l  mixing of these gases  for  coke-oven 
underfiring is not in  ordinary prac t ice .  AIS1 s ta t i s t ics  indicate that some fuel oil  was 
used for underfiring during 1966, but the data  (which a r e  not explicit)  show that the 
amount used was very  smal l .  

Natural  gas  is used only to the extent that it is mixed 
Although coke-oven gas commonly is used to 

Table V-5 presents  the est imated breakdown of fuels used in underfiring coke 
ovens averaged for  the years  1966 and 1967. 
tained differentially f r o m  the es t imate  that, typically, 1000 Btu a r e  requi red  p e r  pound 
of coal coked. (It was inferred f r o m  oil-consumption figures for 1965 and 1967 that the 
use  of oil  for  underfiring in 1966 involved about 8 mill ion gallons. ) 

The est imated use  of na tura l  gas  is ob- 

The main determinant of fuel choice f o r  underfiring coke ovens is the plant gas 
Use of coke-oven gas and blast-furnace gas made in the plant is p r e f e r r e d  

Blast-furnace gas  is applicable 
balance. 
economically to any purchase of fuels  f r o m  outside. 
only to controlled-combustion sys t ems  with la rge  ducts;  thus, it is used,  f i r s t ,  in  the 
blast-furnace stoves,  second, in s t e a m  ra is ing  for  blast  compression, and, third,  to 
underf i re  coke ovens o r  to heat  p r o c e s s  fu rnaces  (mainly soaking pi ts  for reheating s t ee l  
ingots).  
r iched o r  par t ly  diverted away f r o m  s t eam rais ing to bring about balance. 

If there  is a net shortage of energy in  the gas  for  these uses ,  i t  m a y  be en-  
If the 
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TABLE V-5. ESTIMATED U S E  O F  VARIOUS FUELS FOR UNDERFIRING COKE OVENS 
(1966-1967 AVERAGES) 

Average coke produced, net tons/year  

Average coal consumed in  coking, net tons lyear  

58, 180,591 

84, 108, 905 

Average coal p e r  ton of coke, tons 1.446 

Est imated underf i r ing heat, p e r  ton of coal, Btu 2,000,000 

p e r  ton of coke, Btu 2, 892,000 

168,000,000 Average annual underfiring heat, million Btu 

Percentage  of total  industry energy used 5.39 

Average Annual Coke-Oven Gas Used In Underfiring: 

23 1,330 Millions of cubic feet  

Cubic feet  p e r  ton of coke 3, 976 

Millions of Btu 116,000,000 

Pe rcen t  of total  underfiring energy 68.74 

Average Annual Blas t -Furnace  Gas Used in  Underfiring: 

Millions of cubic f ee t  

Cubic feet p e r  ton of coke 

346, 178 

5,950 

Millions of Btu 33,000,000 

P e r c e n t  of total  underfiring energy 19.54 

Est imated  Average Annual Fue l  Oil Used In Underfiring:(a) 

Thousands of gallons -3,900 

Gallons p e r  ton of coke -0.07 

Millions of Btu -600,000 

P e r c e n t  of total underfiring energy -0.35 

Es t imated  Average Annual Natural  Gas Used In  Underfiring:(b) 

Millions of cubic feet  -19, 000 

Cubic f ee t  p e r  ton of coke -330 

Millions of Btu -19,000,000 

P e r c e n t  of total  underfiring energy -11.00 

(a )  Estimated by comparing 1966 rise in "other uses. blast-furnace area" over average for 1965 and 1961 
(b) By difference - contains cumularive error of all estimates. 
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shortage is great ,  b last - furnace gas  is not used to underf i re  the coke ovens, in which 
case any result ing surplus  may be assigned to s t e a m  raising o r  may  even be f la red .  

A second determinant i s  physical  plant layout. Blast-furnace gas  is under low 
p res su re  a f t e r  cleaning, and its low energy content does not justify use  of booster 
pumps to r a i se  the t ransmiss ion  p r e s s u r e .  
stantial  distance f r o m  the blast  furnaces  a r e  underfired with their  own coke-oven gas .  
This pract ice  consumes roughly half of the coke-oven gas  produced; the balance is 
compressed and sent  to the plant for  other u s e s .  

Accordingly, coke plants that a r e  any sub-  

Merchant-iron plants that have coke ovens usually have a grea t  surp lus  of both 
coke-oven gas and blast-furnace gas  owing to the absence of heating furnaces  and 
soaking pi ts .  
blast-furnace gas and to s e l l  mos t  of the coke-oven gas produced to an e lec t r ic  utility, 
another steelworks,  o r  to some other single u s e r .  

F o r  these plants,  i t  i s  often advantageous to underf i re  the ovens with 

Sintering of Dusts and Ores  

Dusts collected during the cleaning of blast-furnace gas ,  along with mill sca le  
and fine o re ,  a r e  commonly mixed with coke breeze and fluxes, then s in te red  in  an  
8 to 12-inch layer  on a traveling g ra t e .  Coal may  a l so  be used a s  a p a r t  of the mix. 
The sintering m i x  is ignited a s  the grate  p a s s e s  under an  intense gas f lame.  
sintering reactions a r e  sustained during and af te r  ignition by heat f r o m  the combustion 
of coke. This heat is forced by suction of air down through the ignited mix. 

The 

The American Iron and Steel Inst i tute 's  s ta t is t ics  on raw ma te r i a l s  show that an 
average of about 53 mill ion tons of s in te r  were  charged into blast  furnaces  annually 
between 1963 and 1967. This consumption was fair ly  stable, as shown in Figure V-3. 
Over the 10 yea r s  f rom 1958 to 1967, average  s in te r  consumption pe r  ton of hot meta l  
increased f rom 989 to 1178 pounds, o r  19 percent .  All of the increase  occurred  p r io r  
to 1965, with total annual consumption of s in t e r  near ly  doubling f rom 1958 through 1964. 

The average use  of coke breeze (coke too s m a l l  f o r  m o s t  other u s e s )  in  manufac-  
ture  of agglomerates  (including s inter ,  pel le ts ,  and br iquets)  was 2 .48  mill ion tons 
annually f r o m  1963 to 1967, o r  4 .69 percent  by weight of s inter  consumed. 
safely est imated that little o r  no coke b reeze  was used in  making pellets o r  other 
agglomerates .  

It may  be 

When supplies of coke breeze  a r e  insufficient, anthracite may  be used in  making 
s in te r .  
pe r  yea r ,  o r  1 .68  percent  of s inter  consumed. A s  with coke breeze ,  it is es t imated that 
near ly  a l l  coal used in  agglomeration is  mixed with s in te r  feed.  
coke is about 6 .37 percent of s in te r  consumed, o r  1. 8 mill ion Btu pe r  ton of s in t e r .  
This is a maximum, allowing f o r  no use  of coke breeze o r  coal f o r  other agglomeration. 

The 1963-67 average use  of coal  ( fo r  all agglomerates)  was  0.89 mill ion tons 

The total  of coal and 

At present ,  the determinant of solid fuel  f o r  the sintering mix is the availability 

As  the excel lent  smelt ing propert ies  of s in te r  became 
of coke breeze .  
cycling dust  and other was tes .  

When s inter ing was first used,  it se rved  mainly a s  a means  f o r  r e -  
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FIGURE V - 3 .  TREND IN USE O F  SINTER IN 
BLAST FURNACES IN THE 
UNITED STATES 
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known, s in te r  plants became l a rge r  and m o r e  numerous.  
plenty of coke breeze  for  sintering and f o r  boiler use,  more  and more  breeze was 
diverted to the s in te r  plants, until a breeze shortage occurred .  
coke breeze in the boi lers ,  i t  has  been used  to supplement breeze in sintering. 
is infer ior  to coke breeze fo r  this purpose,  but anthracite works passably.  

Whereas once there  was 

Jus t  as coal replaced 
Coal 

Unfortunately, the AIS1 o f fe r s  no s ta t i s t ics  on the use of ignition fuels in s inter ing.  
Coke-oven gas usually is p re fe r r ed ,  because i t  is cheaper than natural  gas, develops 
a s imi la r  f lame temperature ,  and is readi ly  used in  downward-pointing burners .  
Blast-furnace gas  does not develop adequate tempera tures ,  and fuel oil  would tend to 
coke the fuel  nozzles as i t  is burned in  the radiant  ignition hood. 

With the growing shortage of coke breeze ,  some plants make ex t ra  coke to be 
ground into s in t e r  fuel ,  
to use  ex t ra  ignition energy to offset  a p a r t  of the solid-fuel requirements .  

An alternative is to  extend the length of the ignition hood and 

Smelting of I ron Ores  and Agglomerates 

Because the pr incipal  fuel used in  smelt ing of i ron  o re  is coke, an  important con- 
cern of i ronmakers  is to minimize the amount of coke used. If fixed charges and ove r -  
heads a r e  included, the cost  of energy f r o m  coke is over 60 cents p e r  mill ion Btu, well 
above the cost  of energy f rom other fuels.  
the Chicago a r e a  se l l s  for  l e s s  than 35  cents p e r  mill ion Btu in la rge  amounts. 

F o r  example, interrupt ible” na tura l  gas  in 

The decade f r o m  1958 to 1967 was one of g r e a t  p rog res s  in  ironmaking, including 
a 2 1  percent  decline in  pounds of coke (or  energy  f r o m  coke) applied to smelting. F i g -  
u r e  V - 4  i l lust ra tes  this change, Some coke has  been eliminated by use  of hot ter  blast ,  
some by better sizing and beneficiation of o r e s  and other  burden mater ia l s ,  and some 
by injection of gas, oil, o r  t a r  into the blast  tuyeres .  In 1967, auxi l iary fuels supplied 
about 4.  1 percent  of all smelting energy.  

The use  of coke a s  the p r i m a r y  smelt ing fuel  is dictated by chemical  and physical 
considerations.  Chemically, coke has  p rope r  reactivity:  i t  burns efficiently a t  the 
tuyeres ,  yet i t  r eac t s  but slowly with carbon dioxide and other oxygen-bearing gases  in 
the blast-furnace s tack.  
so helps to maintain good overal l  permeabi l i ty  of the burden in  the shaf t  of the blast  
furnace.  Without coke, i ron  o r e s  would tend to pack tightly and to block the flow of 
reducing g a s .  
and by disintegrating physically) long before  i t  reached the zone of combustion. 

Physically,  coke re ta ins  i ts  s t rength a t  high tempera tures  and 

If coal were used, it would decrepi ta te  (by giving off mixed hydrocarbons 

The injection of fluid fuels (o r  powdered coal)  to replace some blast-furnace coke 
depends upon technical conditions. The hydrocarbons in oil, coal, and natural  gas m u s t  
be dissociated endothermically in the tuyere f lame,  and even coke-oven gas contains 
appreciable methane, the most  endothermic of hydrocarbons.  These endothermic ten-  
dencies and the lack of sensible heat  in  the injectants depress  the flame tempera ture  a t  
the tuyeres .  
temperature  heat,  which is vitally needed to offset  heat  losses  f rom the hearth,  to fuse  
meta l  and s lag  and to pe r fo rm cr i t ica l  chemical  tasks  such a s  the reduction of s i l ica  to 
si l icon. The amount of injected fuel,  therefore ,  mus t  not be so grea t  as to in te r fe re  

The depression in f lame tempera ture  lowers the availability of high- 

- 
‘Gas contract provides that the gas company can intermpt service during periods of peak demand. Actual interruption is 
usually confined to evenings i n  January and February. 
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with the heat balance in the hear th .  
apparatus is accompanied by effor ts  to decrease  the blast  mois ture  and/or  increase  the 
blast  t empera ture .  
pe r  ton of pig i ron  produced has been: 

Commonly, the installation of fuel-injection 

To date, the maximum efficient use  for fuels  injected a t  the tuyeres  

(1 )  About 12 gallons (100 pounds) of o i l  o r  t a r ,  o r  
(2) About 2000 cubic feet  of natural  gas  o r  coke-oven gas, o r  
( 3 )  About 120 pounds of bituminous coal .  

The definition of "efficient use"  depends upon local fuel economics.  

There  is a significant trend toward using ta r  as an  injected fuel. This trend is 
promoted by the decline of i ts  use in  open-hearth s tee l  furnaces .  Ta r  need not be sold 
a s  fuel; i t  a l so  is useful fo r  highway construction and maintenance. But the low p r i ce  
of asphalt in  recent  yea r s  has  tended to keep coal t a r  in  the s t ee l  plants as a fuel, and 
the blast-furnace is one logical outlet. 
into blast  furnaces  during 1967. In p r i o r  y e a r s ,  no separa te  listing was made.  

Almost  7 percent  of all fuel  t a r  was injected 

Steelmaking 

Steelmaking includes the remelt ing of s c r a p  s tee ls ,  the oxidation of carbon and 
other unwanted elements  f r o m  blast-furnace i ron,  and the careful  adjustment of final 
chemis t ry  and tempera ture  to specification. 
making furnace m u s t  offset heat losses ,  fuse  the solids that a r e  charged, and r a i s e  the 
tempera ture  of a l l  ma te r i a l s  to their  hottest  level (usually above 2800 F). 

The energy that is supplied to a s t ee l -  

Three  steelmaking p rocesses  compete vigorously - basic-oxygen, open-hearth,  
and e l ec t r i c - a rc  furnace .  They a r e  strikingly different f rom each  other ,  in  that each  
uses  a different source  of energy, a d i f fe ren t  mix of charges ,  and a different  physical  
configuration. 
bases for  competition, and shows the proport ion of s t ee l  made in  each  type in  1958 and 
in 1967. 

Table V - 6  outlines some of these major  differences,  indicates the 

AISI s ta t i s t ica l  summar ie s  distinguish among the steelmaking p rocesses  in their  
use of oxygen. 
furnaces  taken as a group, no breakdown by p r o c e s s  type i s  given. 
of fuels in steelmaking is to the endwall bu rne r s  of the present ly  dominant open-hearth 
process .  
linings for  furnaces ,  and in spi te  of var ious anci l lary uses  f o r  fuels in any me l t  shop, 
the analysis m u s t  assume that fuels ass igned to s teel-melt ing furnaces  by the AISI were 
used in the open hear th .  

Although there  is a separa te  listing of fuels  applied to steelmaking 
The main  application 

In spite of the use  of gases  (and perhaps  oi l )  for preheating ladles and new 

Similarly,  no breakdown of applications f o r  e lec t r ica l  energy is given in the 
s ta t is t ical  summar ie s .  
well known, however. 
and 800 kwhr p e r  ton of alloy and s ta in less  g rades .  
tions, the energy sources  fo r  steelmaking a r e  shown fo r  the 6 y e a r s  f r o m  1962 to 1967 
in Table V-7 .  
p rocess .  

The requirements  f o r  energy in  e l ec t r i c - a rc  melting a r e  f a i r ly  
A good working average  is 600 kwhr p e r  ton of carbon s tee ls  

Subject to these necessa ry  a s sump-  

P r i o r  to 1962, applications of steelmaking oxygen were  not separa ted  by 
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The s ta t i s t ics  of fuel consumption fo r  open-hearth steelmaking (as  approximated 
in  Table V-7)  i l lus t ra te  a decline in  energy r e q u i r e m e n p  p e r  ton of open-hearth s tee l .  
A m o r e  exact  ass ignment  of fuels  among the three  p rocesses  would tend to increase  
this trend, inasmuch a s  use  of both basic-oxygen and e l ec t r i c - a rc  steelmaking is 
growing. F o r  the open-hearth,  the lower consumption of energy pe r  ton of s t ee l  r e -  
f lects  replacement  of the m o r e  obsolete shops (by basic-oxygen furnaces) ,  offsetting 
of fuel  requirements  by t ime-saving injection of oxygen, and use  of oxygen in endwall 
burners  to augment f lame temperature  and save additional t ime.  

The use  of fuel  oi l  and of coke-oven g a s  in open-hearth furnaces  has declined 
significantly, but the use  of na tura l  gas  and t a r  has  been steady. 
t rends a r e  not obvious and deserve  m o r e  investigation. 

The reasons for  these 
Poss ib le  causes  include 

(1 )  Growing difficulties in  the sa le  of t a r  

( 2 )  Hazards  in the use of fuel oil  and t a r  with oxygen-augmented endwall 
burners  

( 3 )  Prob lems  with the high flame velocity of coke-oven gas  ( a  long and 
luminous flame is des i red)  

(4)  Natural  displacement of oil-  and coke-oven gas- f i red  open hear ths  
by basic-oxygen steelmaking 

(5) Concern over sulfur contamination f r o m  oil, tar ,  and coke-oven gas .  

Proponents of basic-oxygen steelmaking s e e m  cer ta in  that the open-hearth mus t  
go the way of the B e s s e m e r  converter,  and proponents of e l ec t r i c  steelmaking a r e  
equally s u r e  that huge e l ec t r i c  furnaces  will take a constantly increasing sha re  of total 
steelmaking production. 
The existence of large investments in the l a rge r ,  newer open hear ths  will slow the 
demise of the open-hearth p rocess  as  an  important  producer  of s tee l .  

These claims may  be overstated,  a t  l eas t  f o r  the next decade. 

Steam Rais ing 

An integrated steelworks usually has  substant ia l  boiler capacity, because s team 
power is very  useful and because it r ep resen t s  convenient recovery of the energy in  
cer ta in  plant by-products,  especial ly  waste heat  and blast-furnace gas .  
s t e a m  in the s t ee l  plant include 

The uses  of 

(1 )  Compression of air f o r  blast  furnaces  (v ia  turbine) 
( 2 )  Generation of e lec t r ic  energy 
( 3 )  Distillation of coking by-products 
(4) Pumping of coke-oven gas  
( 5 )  Powering of forges  and p r e s s e s  
(6) Warming of res idua l  oil and t a r  l ines  
( 7 )  Comfort  heating and housekeeping. 

Most integrated plants use  s t eam a s  the common denominator of power.  The 
boiler s ta t ion often is equipped to burn a lmost  any available fuel.  
ful l  operation, a minimum number of turbogenerators  will be operating a t  full e lec t r ica l  

When the plant is in 
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output, and purchased fuel (usually coal)  will be brought in to complete the balance. 
some instances,  the generating plant is competitive in cost  with outside power sources  
and will be operated a t  ra ted capacity mos t  of the t ime. 
the power station supplements inadequate outside sources  of e lectr ic i ty .  

In 

This is especially t rue when 

The management of steaming and generating capacity depends on company philos - 
If the cost  of the boi lers  is charged mainly to the blast-furnace blowing engines, 

Overall ,  the s t ee l  
If the in-plant genera tors  a r e  

ophy. 
there  will be a tendency to generate  considerable power internally.  
industry buys about 70 percent  of the e lec t r ic i ty  i t  u ses .  
envisioned a s  noncompetitive, the i r  u se  will be minimized. At any rate ,  the f i r s t  
pr ior i ty  r e s t s  with recovering the fuel value of blast-furnace gas and the second, with 
balancing out coke-oven g a s  and coke breeze  on a plant basis and utilizing the heat 
recovered in  waste-heat boilers.  

The pr incipal  fuel  used in the boiler plant (af ter  blast- furnace g a s )  is coal.  Use 
of other fuels (a t  l ea s t  in the E a s t )  is incidental. 
1967, s tee l  plants used f r o m  6. 1 to 6 . 7  mil l ion tons of coal p e r  year  (the average was 
6.44 million tons), and there  was no consistent trend f r o m  yea r  to yea r .  
90 percent  of a l l  noncoking coal used by s t ee lmaker s  was applied to s t e a m  rais ing.  

In the 10-year per iod f rom 1958 to 

Roughly 

Heating of Steel  in  P r o c e s s  

When new molten s t ee l  f i r s t  solidifies into an ingot, i t  has  a tempera ture  some-  
what above 2800 F. 
saleable shape, the s tee l  mus t  be maintained a t  (o r  reheated to)  red  heat.  
of tempera ture  for s tee l  in  p rocess  i s  a ma jo r  application of energy.  

F r o m  this t ime until i t  has  been a lmost  completely fo rmed  to 
Maintenance 

The kinds of furnaces  used fo r  i n -p rocess  heating include soaking pi ts  ( in which 
newly s t r ipped ingots a r e  allowed to  equalize in  temperature  for  a few hours  before 
rolling begins).  
oven gas, o r  a mixture)  a r e  intended to make  the tempera ture  of the s t ee l  uniform, not 
to add la rge  amounts of heat  to the s tee l .  

Soaking pits (which m a y  be f i red  with ei ther  blast-furnace g a s ,  coke- 

An ingot is conventionally removed f r o m  its soaking pit and rolled to a bloom or  

The prepared  
slab, then allowed to cool for  inspection. The cool s t ee l  is careful ly  examined, and 
defects a r e  removed with an  oxygen torch  in  a p rocess  called scarf ing.  
s tee l  is then reheated in  a once-through furnace,  with carefu l  attention to both accuracy  
and uniformity of the final t empera ture .  The reheated s lab o r  bloom is then finish 
rolled to plate,  s t r ip ,  merchant  shapes,  o r  wi re  rod. Thereaf ter ,  any reheating is 
usually intended to produce some meta l lurg ica l  change (such as an  improvement in  
strength o r  ducti l i ty).  
treating furnaces)  often a r e  operated with spec ia l  a tmospheres  to promote a c lean 
appearance on the product.  
heating and annealing furnaces .  
use of fuel  energy p e r  ton of s tee l  in  heating and annealing furnaces .  However, p r i o r  to 
1962, both oil and t a r  declined in  importance,  as did coke-oven gas .  The use  of na tura l  
gas  rose  during the s a m e  period, indicating a general  p reference  for  lower sulfur fuels .  
The r i s e  in  use  of LP gas may  be a correspondent  change for  a r e a s  in which na tura l  g a s  
is not available o r  in temporary  relighting of furnaces  built for fluid fuels.  

Furnaces  used to a l t e r  s t ee l  metallurgically (called heat-  

Table V - 8  p re sen t s  a 10-year analysis of fuels used in  
The tabulated data i l lustrate  no par t icu lar  t rend in the 
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- Principal  Findings 

The following s ta tements  summar ize  the existing applications of fuels to s t ee l -  
making activit ies and r e fe r  to  determinants that a r e  expected to dominate future  choices:  

Coking - Blast-furnace gas and coke-oven gas  a r e  now the p re fe r r ed  
fuels for  underfiring coke ovens; this preference  will not change. 
them, the main  factors  of choice include physical layout and the overal l  
plant gas  balance.  
gas  a s  a plant fuel s imi la r ly  tend to increase  the likelihood of underfiring 
with blast-furnace gas .  
insofar a s  i t  is used to enr ich  the o ther  gases .  

Sintering - Two kinds of fuels a r e  requi red .  
breeze is p r e f e r r e d ,  and the s in te r  plant preempts  breeze  requirements  
in other p a r t s  of the s teelworks.  Coal, especial ly  anthracite,  is usable 
a s  a poor  substi tute for coke breeze .  Longer ignition cycles can lessen  
solid-fuel requirements  for sintering. Most ignition is done with coke- 
oven g a s  o r  mixed coke-oven and blast-furnace g a s .  
a r e  p re fe r r ed  over natural  gas  for economic reasons .  
used, because the configuration of the ignition sys tem is technically 
unfavorable,  

Between 

All factors  tending to improve the value of coke-oven 

Natural  gas par t ic ipates  in underfiring only 

Among solid fuels,  coke 

These fuels usually 
Fue l  oil  i s  not 

Smelting - Ful l  development of hot-blast  operation with p repa red  burdens 
and auxi l iary injected fuels  could cut coke r a t e s  to well under 1000 pounds 
p e r  ton of hot me ta l  ( f r o m  present  levels averaging over  1250 pounds p e r  
ton). However, the suggested improvements  usually m u s t  wait upon a 
s t r a in  on ironmaking capacity - a t  present ,  Amer ica  has  blast  furnaces  
to spa re .  The vas t  improvements in ironmaking fuel economy which began 
in 1958 have near ly  stopped under p re sen t  conditions of s t ee l  demand. 
Among the auxi l iary fuels, regional economics will probably govern.  Coal 
injection, now in development, should dominate the inland Eas t ,  oil p rob-  
ably will be p r e f e r r e d  nea r  the coasts ,  and natural  gas  probably will be the 
p r e f e r r e d  injectant west of Cleveland. 

Steelmaking - Two of the three steelmaking p rocesses  (the basic-oxygen 
p rocess  and e lec t r ic  steelmaking) do not use  fuels in the usua l  sense ,  and 
there  is no reason  to suggest that they may  become fuel consumers  in the 
future .  The third (open-hearth s teelmaking)  is much maligned for  i ts  
obsolescence but will be with us  for a t  l ea s t  two decades.  There  is a 
c lear  t rend away f r o m  both oi l  and coke-oven gas a s  open-hearth fue ls ;  
yet, t a r ,  which is a l s o  sulfurous,  continues as an important  source  of 
melting energy. 
s iderat ion of an  oversold marke t  for  road and waterproofing t a r s .  
investigation of open-hearth fuel determinants  is advisable.  
use of oxygen in open hear ths  has  cut the overal l  energy requirement ,  but 
a t  a high cost  in dust-control  problems.  
heating of s c r a p  to increase  its use  in basic-oxygen steelmaking, but this 
remains  only marginal ly  economic, except as an expedient in special  
si tuations.  

The changes a r e  probably compound and include the con- 
More 

The increased  

Much has  been wri t ten about p r e -  
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Steam Raising - The management  of steam rais ing is founded on the 
pr inciple  that the boiler plant is to balance plant-energy sources  and 
needs f o r  optimal net-energy cost .  Surpluses  and shortages of gases  
a r e  balanced a t  the boi lers  on a day-to-day basis,  and variable amounts 
of e l ec t r i c  power a r e  generated.  This compound economic sys t em is a 
study in  itself and worthy of much m o r e  attention. At leas t  in  the E a s t  
and Midwest, purchased coal is the m o s t  probable fuel for  adjustment of 
boiler -energy requi rements .  

Steel  Heating - Various furnaces  (usually a t  l eas t  two) a r e  used to equalize 
and control  s t ee l  t empera ture  during process ing .  Others may be used nea r  
the end of p r i m a r y  manufacture to soften, harden,  or resur face  the product 
These furnaces  run mainly on coke-oven g a s  and natural  gas, with na tura l  
gas  p r e f e r r e d  when sulfur i n  the furnace atmosphere could cause me ta l -  
lurgical  trouble.  

N o  aspect  of the analysis  by uses  disclosed s t rong t rends toward the "clean" 
fue l s ,  
be to use  the homemade fuels completely before buying energy in the open marke t .  
However, the su l fur  content of fuels will continue to receive examination, because 
fuels a r e  the major  source  of undesirable amounts of sulfur  in i ron and s tee l .  

The p r i m a r y  economic determinant  of fuel  choice in  any steelworks is and will 

Some Face ts  of the Relationship Between Clean Air  
and the Fuel  and Energy Aspects  of the Steel Industry 

This p re sen t  study is concerned, of course,  with the broad relationship between 
the integrated s t ee l  industry and national concern with problems of polluted a i r .  
portion of that relationship can be examined by considering the nature of some of the 
avenues open to the s tee l  industry to r a i se  air quality by making adjustments in the 
industry 's  usage of fuels and energy ,  I t  will be a s sumed  for  the balance of this d i s -  
cussion that increasingly s t r ingent  s tandards fo r  a i r  quality a r e  established in s t ee l -  
producing a r e a s .  
gases  will be a spec i f ic  objective and that meet ing of this objective will requi re  t r e a t -  
ment  of combustion gases  result ing f r o m  the burning of coal, tar, and coke-oven gas .  
At present ,  some s t ee l  plants remove hydrogen sulfide f r o m  coke-oven g a s ,  but the 
hydrogen sulfide that is  recovered  is burned in  power boi le rs .  

One 

Another assumption is that decreased  emiss ion  of sulfur-bearing 

One genera l  response by the s tee l  industry (a l ready  foreseen  in existing technol- 
ogy) would be  the cleaning of coke-oven gas  to  remove hydrogen sulfide. 
that the relat ive cost  of na tura l  g a s  will r i s e  generally in  the future and that this eco- 
nomic readjustment  of the relat ive costs  of coke-oven gas  and na tura l  gas  might justify 
the cost  of cleaning the coke-oven gas.  However, p resent  operating prac t ices  make  the 
recovery  of sulfur  dioxide, in  mos t  s teel  plants, an  uneconomical process ,  

It is  anticipated 

Another general  response would be a s h a r p  decline in  use of fuel  oil,  even as an  
injectant to  b las t  furnaces .  
naces ,  fuel  oil would be ser ious ly  disadvantaged by sulfur-control  regulations.  I t  is to 
be expected that a new wave of conversions f r o m  open-hearth steelmaking to the basic-  
oxygen o r  e l ec t r i c - a rc  p rocess  would occur  and that  surviving open hear ths  would be 

As a fuel in open-hearth furnaces  and steel-heating fur -  
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fueled with t a r  o r  coke-oven gas .  
ke t  f o r  coal chemicals  and by-products.  
be economically desulfurized. ) 

The use of t a r  is being forced by a deter iorat ing mar- 
(These  conclusions a s sume  that fuel oil  cannot 

It should be noted that an increase  in  the relat ive pr ice  of na tura l  gas  could make 
fuel oil re la t ively m o r e  competitive a s  a blast-furnace injectant than i t  is now. 
oil causes no problems in  the blast  furnace because i ts  sulfur  content goes mainly into 
the slag (not direct ly  into the air) .  
melting furnaces  equally with oil, 'and then probably would preempt  oil  in blast-furnace 
injection. 

Fue l  

However, tar and pitch would be displaced f r o m  

Another genera l  response would be a n  al terat ion in  the economic ru les  f o r  opera-  
tion of in-plant boi lers .  
But the use  of coal as a balancing supplement would be much a l te red  by the obligation to 
process  the s tack  gases  f rom solid-fuel boi lers .  
age of e l ec t r i c  energy, it is possible that s t rong  efforts would be made to altogether 
eliminate s teelworks '  use of coal fo r  this purpose .  
ical  to trim s t e a m  rais ing to a minimum and to use  purchased natural  gas for  minor  
energy balancing. 

Blast-furnace g a s  is a clean fuel, and its use  would continue. 

Indeed, bar r ing  a la rge-sca le  sho r t -  

It would probably be m o r e  econom- 

Overall ,  i t  is anticipated that in the event of stringent s tack-emission s tandards,  
the s teel  industry would suf fer  ra ther  l e s s  p e r  unit of energy consumed than some 
other industries,  such a s  the electr ic-power industry. The blast  furnace,  with i ts  
ability to use  d i r ty  fuels,  ac t s  a s  a par t ia l  shield.  
coke-oven gas  exis ts ,  although there  is a handicap economically. Steelmaking p r a c -  
t ices  may be converted to fuel- less  techniques (like the basic-oxygen p r o c e s s  and the 
electr ic-furnace p rocess ) .  

The technology for  desulfurizing 

It is a general  conclusion of this portion of the study (concerned with fuels and 
energy) that requirements  for c leaner  air would not unreasonably in t e r f e re  with the 
technology of steelmaking and would not requi re  unreasonable responses  by the s tee l  
industry, providing that sufficient t ime is allowed for  the response.  
s teel  industry uses  well  over  23 mill ion Btu of total energy p e r  ton of product.  
average cost  of that energy is 75 cents p e r  mill ion Btu, the associated cost  to raw 
steel  is a t  l ea s t  $17 p e r  ton. 
$2,000 mill ion p e r  yea r  for  s teelworks '  energy.  
this large a l ready  will of course be ref lected in higher costs of manufacturing s t ee l  
and higher costs  to consumers  f o r  s tee l .  

Nonetheless, the 
If the 

This works out to an annual cost  of something over 
Upward changes in the cos ts  that a r e  

In October, 1968, the Energy Division of the Chase Manhattan Bank (New York) 
published the pamphlet "Outlook fo r  Energy  in the United States". 
forecas t  highlighted some elementary but important  considerations in planning long- 
range energy sources  and showed the following: 

This review and 

(1)  The demand fo r  high-grade energy  (gasoline, dist i l late oil, je t  fuel, 
and natural  gas )  is skyrocketing, with no end in sight.  
number of u s e r s  and the demand p e r  capita a r e  increasing sharply.  

(2 )  Ln those geographic a r e a s  that contain mos t  U .  S .  s t ee l  plants,  there  
is a l ready  a se r ious  net energy deficit  and substantial  t raff ic  in 
importation of energy f r o m  the Gulf Coast  and abroad. 

The anticipated expanded use  of nuclear  energy will not meet  ant ic i -  
pated requirements  for  additional energy.  

Both the 

( 3 )  
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(4) The expanded use  of coal relative to other fuels is inevitable in  
the far future  - it is our only cer ta in  r e s o u r c e  and the only one 
potentially convertible to fluid fuels replacing those now derived 
f r o m  gas and oil .  

These conclusions s e r v e  a s  a reminder  to  be cautious about taking action that I 
I 

lowers our national capability to use  coal.  
the s t ee l  industry s e e m s  to offer an  exFellent opportunity to use  coal under controlled 
conditions that minimize a i r  pollution. 

Compared with ordinary fuel-burning uses ,  

The use  of coal in coking and thence to the . 
blast  furnace s e e m s  to involve an excellent opportunity fo r  concentration of the 
technologies that suppress  emiss ion  of sulfur compounds. 
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SOURCES AND AMOUNTS OF NOXIOUS EMISSIONS 
I N  THE IRON AND STEEL INDUSTRY 

Raw mate r i a l s  and fuels consumed in the i ron and s teel  industry contain sulfur in 
varied amounts. 
bulk raw ma te r i a l s  used by the s teel  industry.  Large  quantities of liquid and gaseous 
fuels and electr ical  energy a r e  a l so  consumed in the many processing steps requiring 
heat. 

Coal, i ron o r e ,  s tee l  s c r a p ,  fluxes, and ferroal loys a r e  the major  

The presence of sulfur in the raw ma te r i a l s  and fuels gives the i ronmakers  and 

Much of the 
s tee lmakers  a problem of controlling the amount of sulfur that ends up in the final fin- 
ished product. Sulfur is a deleterious e lement  in mos t  i rons and s tee ls .  
refining of s teel  is conducted to lower i t s  sulfur  content. Steelmaking technology pe r -  
mi t s  low sulfur levels  to be attained in the metal, accompanied by correspondingly high 
sulfur levels in the s lags .  

During the combustion of fuels in i ron and s teel  processing, some of the reactions 
a r e  not complete, with the resul t  that CO is present  in some of the combustion gases.  
Coke-oven gas ,  blast-furnace gas,  and B O F  gas normally contain CO due to the pro-  
cessing techniques. 
fuel. 
it is burned within the collecting sys t em and then exhausted to the atmosphere.  
combustion processes  within the s teel  plant generally go to completion unless there is  a 
malfunction of equipment. 
be found in some exit gases .  

Gas f r o m  coke ovens and blast  furnaces  is collected and used as a 
Processes  have been developed to collect  and use BOF gas,  but m o r e  commonly 

Other 

However, s m a l l  amounts of CO ( l e s s  than 0. 5 percent) may 

Fluoride emiss ions  can be a problem in the making of i ron and s teel  if they a r e  
uncontrolled. 
tent that vegetation h a s  been affected by emiss ions  f r o m  steelworks.  
( in  the f o r m  of f luorspar)  is used in steelmaking to make s lags  m o r e  fluid, and e m i s -  
sions f rom this use  can be ejected into the a tmosphere  if uncontrolled. 

Some iron o r e s  in cer ta in  local a r e a s  contain fluorides of sufficient con- 
Calcium fluoride 

Seven oxides of nitrogen theoretically can exis t  in the a tmosphere .  However, for  
practical  purposes,  those of concern appea r  to be nitrous oxide (NzO), nitr ic oxide (NO), 
nitrogen dioxide (NOz), and possibly nitrogen pentoxide (N205)(1)*. 
these in relation to steelmaking activit ies.  

Little is known of 

Sulfur in I ron  and Steel Plant P r o c e s s e s  

The ma jo r  sources  of sulfur in the making of iron and s teel  exist in the fuels 
required to  c a r r y  out the various p rocesses .  
the coal used to make the coke that is  a vi ta l  requirement  for  making the blast-furnace 
hot metal .  
some of these a r e  used a s  fuels .  These are coke-oven gas,  tar, and pitch. Fuel oil 
a l s o  contains sulfur which is a contributor t o  sulfur-oxide emiss ions .  The total con- 
sumption of the various hydrocarbon fuels  in the manufacture of iron and s teel  is shown 
f o r  the period f r o m  1958 to 1967 in Figure V-5. 
natural  gas is quite evident. Consumption of hydrocarbon fuels p e r  net ton of raw s tee l  

By far mos t  of this sulfur originates in 

During the coking operation, various by-products a r e  recovered and in turn 

The rapid inc rease  in consumption of 

~~ 

'Numbers in  parentheses refer to reference list a t  end of this section. 
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FIGURE V-5.  CONSUMPTION O F  HYDROCARBON FUELS IN THE MAKING 
O F  IRON AND STEEL IN THE UNITED STATES 
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produced is shown in Figure V-6  f o r  the same period of t ime.  
F igure  v-6 a r e  somewhat biased in thathhe total  consumption of each hydrocarbon has 
been divided by the total production of raw steel. 
furnace steelmaking accounted for  about 3 percent  of all s teel  in 1958, which increased 
to 12. 5 percent in 1967. The decreasing use  of fuel  oil shown in both Figures V-5 and 
V - 6  is a reflection in  the decline of open-hearth production of steel ,  which was a large 
consumer of fuel oil.  
naces ,  a s  well a s  a slight increase in f i r ing power plant and s t eam boi lers ,  The la t te r  
applications have become m o r e  common a s  a means  f o r  lowering the generation of sulfur 
emiss ions  by replacing sulfur-containing coals with natural  gas that is practically 
sulfur-free.  
E a r l y  use  of tar and pitch was in the fir ing of open hear ths ,  but as this use declined 
because of the dec rease  in the number of open hear ths ,  tar and pitch began to be used a s  
auxiliary fuels in  the blast  furnace,  where the sulfur contained in the tars and pitch was 
controlled by the s lag action of the blast  furnace,  r a the r  than entering the atmosphere 
as a sulfur-bearing gas,  as was the case  when used as an  open-hearth fuel, 

The trends i l lustrated in  

During the period considered, electric 

Increased use of natural  g a s  occurred  mainly in reheating f u r -  

The r a t h e r  constant consumption of t a r  and pitch is a l so  quite interesting. 
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The ma jo r  source  of sulfur in the making of iron and s teel  is the sulfur content of 
the coal used f o r  making coke and the coal used f o r  the fir ing of power-plant boi lers  to  
generate e lectr ic i ty .  A relationship between the percent sulfur content of the coal and 
the percent sulfur content of the result ing coke is  shown in Figure V - 7  for  experimental  
cokes and for steel-plant blast-furnace 
in Figure V-8 between the percent sulfur content of the c o a l  and pounds of sulfur con- 
tained in the coke made f r o m  1 net ton of coal.  

3 ,  4~ 5). A s imi l a r  relationship is shown 
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FIGURE V-8. POUNDS O F  SULFUR IN COKE RESULTING FROM 
THE COKING O F  ONE NET TON O F  COAL 

The sulfur content of the resulting coke-oven gas ,  a l so  produced f r o m  the same coals, is 
shown by the relationship in Figure V-9 

Sulfur Content of Coal, percent 

FIGURE V-9. SULFUR IN COKE-OVEN GAS RESULTING FROM 
THE COKING O F  ONE NET TON O F  COAL 

The sulfur content of bituminous coals shipped to  American coke plants va ies 
between 0.  5 and 2 .  1 percent( ').  The sulfur content of blast-furnace cokes in the United 
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States var ies  between 0. 5 and 1. 10 perceht,!with the average a t  0. 80 percent: 
balance fo r  a coke-oven operation in  the United States  for  a coking coal containing 
0 .  8 percent  sulfur  is given in  Table V - 9 .  About 63 percent  of the sulfur  remains  with 
the coke and 37 percent  goes to the by-products and coke-oven gas .  Table V - 9  shows 
that the production of 1 ton of coke produces about 15,000 cubic fee t  of coke-oven g a s  
with a sulfur content of 1. 45 percent.  

A sulfur  

TABLE V-9.  SULFUR BALANCE FOR COKE OVEN OPERATION 

(Based  on Production of One Net Ton of Coke) 

Amount, Sulfur, Amount of 
I tem pounds percent  Sulfur,  pounds 

Coal  2950 0 .8  23.60 

Output 

Coke and b r e e z e  2121 0.700 . 14.85  

By-products 290 0 .344  1 .00  

Coke-oven gas(a)  534 1.45 7 .75  - 
Total  23.60 

(a )  Coke-oven gas produced is 15.000 ft3 

About 40 percent  of the coke-oven gas is  burnt  in  the oven to supply hea t  f o r  the coking 
process .  
dard  cubic feet  of combustion gases .  

The combustion of 1 s tandard cubic foot of coke-oven gas  produces 5 .  78 stan- 

The coke-oven gas  not consumed in the coke oven may be used a s  a fuel e lsewhere 
in  the plant, o r  exhausted to  the atmosphere.  
coke-oven gas  before use  o r  before venting to the atmosphere.  

Sulfur is generally not removed f r o m  the 

Sintering Machine 

Table V-10 gives a sulfur balance f o r  a sintering-machine operation. Sources of 
sulfur  a r e  the i ron-bearing mater ia l ,  coke b reeze ,  fuel oil,  and l imestone.  Sulfur i s  
c a r r i e d  out of the sys t em with the product s in te r  and a s  SO2 in the combustion gases .  It 
was est imated that about 36 percent  of the sulfur  entering the sys tem leaves in the com- 
bustion gases.  

B A T T E L L E  MEMORIAL I N S T I T U T E  - COLUMBUS L A B O R A T O R I E S  

1 
I 
I 
I 
1 
1 
1 
I 
I 
1' 
1 
1 
1 
I 
1 
1 
I 
I 
1 
1 
I 



I 
I 
1 
I 
r 
I 
I 
I 
I 
I 
I 
I 
I 
1 
0 
I 
1 
I' 
I 
I 

?v-53 
i 

TABLE V-10. SULFUR BALANCE kOR SINTERING MACHINE OPERATION 

(Based  on the Product ion of One Net Ton of Sinter)  

Amount, Sulfur Amount of 
Item pounds Content, percent  Sulfur, pounds 

Input 

Iron-bearing material 2200 0.041 

Coke 100 0. 70 

Oil 50 0.55 

0.90 

0.70 

0.27 
'. i 

0 .10 

Tota l  1.97 

- Limes tone 200 0.049 

Sinter 

Sinter f ines  

Output 

2000 0.055 

289 0.055 

1.10  

0. 16 

Sulfur in  combustion gases  0.71 

Tota l  1.97 

- 

Blast Furnaces  

Sulfur en te r s  the blast  furnace  f r o m  practically all of the r a w  ma te r i a l s  used for 
making i ron;  the major  source  being the sulfur in the coke. Because of the reducing 
conditions in the blast  furnace, it is not possible for  any of the sulfur present  in the 
charge ma te r i a l s  to be oxidized and leave the b l a s t  furnace  a s  sulfur dioxide. Sulfur 
balances, based on chemical  analyses of the i ron and s lag ,  have shown this to be the 
case ,  However, chemical  analyses of s lags  are subject to variations,  and such balances 
do hold a possibility f o r  e r r o r .  
of oil-injection in the Bureau of Mines experimental  blast  furnace verified that sulfur 
gases a r e  absent f r o m  the flue gas .  Quoting f r o m  the r epor t s ,  "It was suggested that 
some of the sulfur f r o m  the oi l  might leave the furnace in the top gas.  
analyses of the top gas throughout the tes t  p rog ram showed no t r a c e s  of sulfur 
compounds. 11(7) 

Analysis of blast-furnace gases  during full-scale tes t s  

However, careful 

A sulfur balance f o r  a blast  furnace operating with s inter  and screened o r e  (based 
on the m a t e r i a l  balance f o r  a blast  furnace shown in Figure C-24 in Appendix C) i s  given 
in Table V-  11. 
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TABLE V-11. SULFUR BALANCE FOR BLAST FURNACE FROM 
FIGURE C-24 I N  APPENDIX C 

(Based on Production of One Ne t  Ton of Pig I ron)  

Amount, Sulfur Amount of 
I tem pounds Content, percent  Sulfur,  pounds 

Input - 
Sinter 2300 0.055 1.26 

S c r e e n e d o r e  790 0.040 0 . 3 2  

Coke 1025 0.700 7 .18  

Limestone 125 0.049 0. 06 

Natural  gas  45 Nil(a) - -  - 
Tota l  8 .82  

Pig i ron  

Slag 

Output 

2000 

460 

0.030 

1.786 

0. 60 

8.22 

Tota l  8. 82 

- 

(a) Columbia Gas stated that the sulfur contenr of natural gas is less than 0.001 percent. 

When sulfur-bear ing s lag  is flushed f r o m  the blast  furnace,  the sulfur r eac t s  with 
oxygen to f o r m  sulfur  dioxide n e a r  the runner  of the blast  furnace.  In wet weather,  the 
sulfur in the solid s lag  may r eac t  with water  to  f o r m  hydrogen sulfide which is re leased 
to  the atmosphere.  
with water .  

The la t te r  reaction a l so  occur s  during the granulation of hot s lag  

Open Hearth Steelmaking 

Sulfur en te r s  the open hear th  steelmaking sys t em f r o m  the r a w  ma te r i a l s  and f r o m  
the fuels  used f o r  combustion. 
in  open hear ths  showed average source values l i s ted  in Table V-12(*). 
t o r s  have shown that the type of s c r a p  can influence sulfur  pickup by the s c r a p  f r o m  the 
fuel ,  with subsequent parti t ion of the sulfur  to the s lag  o r  meta l .  
that  heavy s c r a p  resul ted in a sulfur pickup of 0 .  015 percent,  while a light s c r a p  melted 
with the same fue l  resul ted in  a sulfur pickup of 0 .  044 percent (9) .  Natural-gas  f i r ing in 
open hear ths  i s  a l s o  reported to  remove sulfur f r o m  the charge ma te r i a l s  up to as much 

A comprehensive survey  conducted on sulfur  balances 
Other investiga- 

The resu l t s  showed 
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as 0 .  020 ~ e r c e n t ( 9 ) .  This means  that even though a sulfur-free fuel is used, sulfur  
I 

- 
emissions to the atmosphere may occur  because of pickup of sulfur f r o m  the open- 
hearth charge ma te r i a l s .  
used to f i r e  open hear ths  is retained in the me ta l  and slag,  and that this ent i re  amount 
is  absorbed by the s c r a p  during the meltdown period of the heat(''). 

It h a s  been repor ted  that 25 percent of the sulfur in fuel  oil I 
E A relationship 

I 
f 

I, 
I 

TABLE V-12. SOURCES OF SULFUR I N  OPEN HEARTH STEELMAKING 

Source Sulfur Concentration, percent  

Hot metal 38 

Fuel 

S c r a p  

Limes tone 

O r e  

22 

19 

14 

5 

Others  2 I' 
1: 
I 

between the sulfur content of the fuel oi l  and the effect of increasing sulfur content on 
the final sulfur in the s t e e l  is shown in F igure  V-10. 

I 
1 
1 
I 
1 
1 
I 
I 
I 

0.050 
c c 
al 
0 

a 
b 0.045 
- - 
a, 
a, 

0.040 
v- 
0 

c 
c 

0.035 
c 
0 
0 
L 

0.030 - 
a 
ul 

0.0 I .o 2.0 3.0 4 .O 
0.025 

Sulfur Content o f  O i l ,  percent 

FIGURE V-10. SULFUR CONTENT IN STEEL AS AFFECTED 
B Y  INCREASED SULFUR IN FUEL OIL 
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About 47 percent of the sulfur entering the open-hearth sys t em leaves in the meta l  
The remaining sulfur exits with the products of combustion in the f o r m  of and slag.  

sulfur dioxide. 
and 40 percent s teel  s c r a p  (as shown in the flow shee t  and ma te r i a l  balance in Fig- 
ure  C-41 in Appendix C) is given in Table V-13. 

A sulfur  balance for  an  open-hearth furnace  using 60  percent hot meta l  

TABLE V-13. SULFUR BALANCE FOR OPEN HEARTH FURNACE WITH 
60 PERCENT HOT METAL AND 40 PERCENT STEEL 
SCRAP OXYGEN PRACTICE (FROM FIGURE C-41 IN 
APPENDIX C) 

(Based  on Production of One Net Ton of Raw Steel)  

Amount, Sulfur Amount of 
It e m  pounds Content, percent Sulfur, pounds 

Input - 
Hot m e t a l  1361 0 .030  0 . 4 1  

Steel  s c r a p  907 0 . 0 2 0  0.  18 

Iron o r e  

Flux 

Fuel  o i l  

70 0.040 

150 0.049 

111 0 .55  

0.  03 

0 . 0 7  

0 .61  

Fe r roa l loys  14 0.07 0 . 0 1  - 
Tota l  1. 31 

output 

Steel  and s c r a p  2060 0 .02  0 .41  

Slag 200 0.10 0 . 2 0  

Combustion gases  0 .70  

Tota l  1 . 3 1  

- 

Basic  Oxygen Furnace Steelmaking 

The major  source  of sulfur  in the basic oxygen steelmaking process  is  the sulfur 
Externa l  fuels are not required to  supply heat in  the hot me ta l  f r o m  the blast  furnace.  

to bring about the des i r ed  chemical  reactions f o r  refining. High-purity gaseous oxygen 
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impinged on the surface of the molten iron causes  rapid oxidation of silicon carbon, and 
iron; which in  turn supplies the heat necessa ry  f o r  completion of refining. 

Slag chemis t ry  controls the removal of sulfur f r o m  the hot me ta l  during the 
refining operation, in a manner  s imilar  to that f o r  other steelmaking p rocesses .  The 
major  difference in the BOF process  is  that burn t  l ime (CaO) is used to provide the 
desired slag character is t ics ,  r a the r  than limestone (CaC03),  as in open-hearth steel-  
making. 
open hearth pract ice)  dictates this requirement.  There is not sufficient t ime to calcine 

limestone. The effects of slag basicity in  this ca se  the ratio of - ) on the sulfur 

content of the refined s tee l  is shown in F igure  V - l I ( ” ) .  
sulfur content in the hot me ta l  and sulfur content in the s teel  a s  affected by slag basicity 
is shown in Figure V-12. 
affected by s lag basicity is shown in  Figure V-13(11). 
has  little effect  on the final sulfur content of the steel ,  as shown in Figure V - l 4 ( l  l ) .  
The relationships shown in F igures  V-11 through V-14 can be considered as representa-  
tive of sulfur removal  in basic oxygen steelmaking practice.  
f r o m  plant to plant depending on the silicon content of the hot meta l ,  sulfur content of 
the scrap,  and specific slag pract ices .  

The rapidity of the refining p rocess  in BOF practice (again a s  compared t o  

( Si02 
A relationship between the 

The percentage of sulfur removed f r o m  the hot me ta l  as 
Sulfur content of the burnt l ime 

Specific r e su l t s  may vary  

A sulfur balance for  a BOF practice using 70 percent hot meta l  and 30 percent 
s teel  s c rap ,  and based on the ma te r i a l  balance shown in Figure C-55 in Appendix C,  is 
given in Table V-  14. 
with only about 4 percent of the sulfur leaving as sulfur dioxide in the off-gas. 
information on the sulfur content of BOF off-gases is not available in the published 
l i terature .  

Almost all of the sulfur leaves the sys t em in the me ta l  and slag, 
Detailed 

STEEL S C R A P  

[Baaed on Production of One Net Ton of Raw Steel.)  

Amount, S”lf“Z. Amount of 
Itern pounds content, percent Sulfur, pounds 

* 
H o t  metal 1581 0.030 0.47 

Steel scrap 678 0.020 0 .  14 

Burnt lime 142 0.060 0.08 

0.01  

Total 0.70 

- Fcrroalloys 14 0.070 

Steel and licrap 2077 0.020 0.41 

Slag 263 0.100 0.26 

0.03 

Total 0.70 

- sulfur in off-gas 
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Tap Slag B a s i c i t y ,  ( C a O / S i 0 2 )  

FIGURE V-11.  SULFUR CONTENT O F  B O F  STEEL AS AFFECTED 
BY BASICITY O F  THE T A P  SLAG 

Sulfur  C o n t e n t  of Hot M e t a l ,  percent 

FIGURE V-12.  RELATIONSHIP BETWEEN SULFUR CONTENT IN 
HOT METAL AND SULFUR CONTENT IN BOF 
STEEL AS AFFECTED BY SLAG BASICITY 
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FIGURE V - 1 3 .  E F F E C T  O F  SLAG BASICITY ON THE PERCENT O F  
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FIGURE V -  14. E F F E C T  O F  SULFUR CONTENT IN THE LIME AND SLAG 
BASICITY ON THE SULFUR CONTENT O F  BOF STEEL 
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E lec t r i c  Furnace Steelmaking 

Like the BOF process ,  the electr ic-furnace steelmaking p rocess  does not depend 
Electr ical  energy provides the on a sulfur-bearing fuel a s  the major  source  of energy. 

hea t  f o r  melting and refining s teel  s c r a p  to  produce molten metal .  Sulfur enters  the 
sys t em with the steelmaking r aw ma te r i a l s .  
provide carbon f o r  the carbon boil during the refining period. A s  in the other s teel-  
making processes ,  slag control plays a ma jo r  role in removal  of sulfur f r o m  the steel .  
Because many high-carbon s tee ls  a r e  made in e l ec t r i c  furnaces  ( a s  compared to the 
lower-carbon s teels  made in open hear ths  and BOFs) ,  the carbon content of the s tee l  
produced mus t  a l s o  be taken into consideration in the desulfurization s l a g  pract ice .  
relationship between the carbon content of the steel and the sulfur content for  severa l  
different kinds of s tee l  made in two different plants is shown in Figure V-15(12, l 3 ) .  
The relationship between slag basicity and the parti t ion of sulfur between the meta l  and 
s lag is shown in Figure V-16(14). 
sulfur  content of AIS1 52100 s tee l  is i l lustrated in Figure V-17(12). The percent reduc- 
tion in sulfur content for  s eve ra l  high-carbon s tee ls  made in e lectr ic  furnaces is shown 
in Figure V - l 8 ( l 3 ) .  

Small  amounts of coke breeze a r e  added to 

A 

The effect of the time under a reducing slag on the 

Ladle Carbon, percent 

FIGURE V -  15. RELATIONSHIP BETWEEN CARBON CONTENT IN 
THE STEEL AND SULFUR CONTENT IN THE STEEL 

A sulfur balance f o r  e lectr ic-furnace steelmaking (based on the m a t e r i a l  balance 
given in  Figure C-65 in Appendix C)  is given in Table V-15. Data on the sulfur content 
in  electric-furnace steelmaking off-gases a r e  not available in the published l i terature .  
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0.015 
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0.005 
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- 0.019 

0.014 - Avg 
0.013 Avg Avg 

- 0.011 0.011 - 

- 

43 heats 
23 heats 
0.007 0.000 77 heats 

0.006 

I 
1. 

1 
I 
1 

Mole Ratio 
CaO + MgO + MnO 

Si02 + A I ~ O ~  + +P,o, 

FIGURE V-16.  RELATIONSHIP BETWEEN SLAG BASICITY, IRON OXIDE 
CONTENT O F  THE SLAG, AND THE PARTITION O F  
SULFUR BETWEEN THE METAL AND THE SLAG 

c c 

al a 
@ 

01 
I :00-1:30 1:30-2:00 Over 2:OO 

Time Under Reducing Slag, hours 
\ 

FIGURE V-17 .  E F F E C T  O F  TIME UNDER A REDUCING SLAG ON THE 
SULFUR CONTENT O F  AIS1 52100 GRADE STEEL 
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i 

Melt Sulfur, percent 

FIGURE V -  18. SULFUR REDUCTION IN ELECTRIC FURNACE STEELMAKING 

TABLE V-15. SULFUR BALANCE FOR ELECTRIC FURNACE STEELMAKlNG 
USING A CHARGE OF COLD STEEL SCRAP AND OXYGEN 
PRACTICE (FROM FIGURE C-65 IN APPENDIX C) 

(Based on the Production of  One Net Ton of Raw Steel) 

Amount, Sulfur Amount of 
Item pounds Content, percent Sulfur, pounds 

S tee l  scrap 2136 0.020 0.43 

Coke breeze  6 0 .700  0.04 

Burnt l i m e  99 0.060 0.06 

0 . 0 1  Ferroal loys 14 0 . 0 7 0  

Total  0.54 
- 

output 
Stee l  and scrap 2060 0.020 0.42 

Slag 140 0.080 0 .  I 1  

Off-gas - 0.01 

Total  0.54 
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Summary Balance of Sulfur for  
Iron and Steel Industry 

The amounts of sulfur-bearing raw m a t e r i a l s  and fuels consumed in the U. S. i ron 
and s tee l  industry were tabulated f r o m  The Statist ical  Yearbook (1967) of the AISI. The 
average sulfur content of the ma te r i a l s  was es t imated  to compile a tentative sulfur 
balance f o r  the U. S .  s tee l  industry. The result ing tentative summary  balance f o r  sulfur 
is given in Table V-16.  The tentative and uncertain nature of this balance should be 
recognized. In par t icular ,  gaseous emis s ions  were  obtained by difference. This is a 
hazardous procedure, but the bes t  available f o r  estimation using the presently available 
data.  Some additional r e s e a r c h  on this subject undoubtedly could produce balances with 
a higher degree of authenticity. 

Nearly 76 percent of the sulfur input to the sys t em came f r o m  the coal used to 
produce coke and to generate e lec t r ic  power. 
sulfur input. 
of the sulfur .  Fuels f o r  the open hea r th  furnace  operation (oil ,  tar, and pitch) accounted 
f o r  about 3 . 3  percent of the sulfur input. 
sumed in the coke oven, blast  furnace stoves,  and soaking pits; a lmost  a l l  of the sulfur 
input would be in the i ron and steelmaking a r e a .  

I ron  o re  accounted f o r  9 . 8  percent of the 
Steel s c r a p ,  fluxes and ferroal loys resulted in a n  input of about 4 percent  

Providing that the coke-oven gas  was con- 

The output of sulfur  in the blast  furnace s lag is about 47 percent of the total sulfur 

According to  this calculation, 39 percent of the sulfur  would be in off-gas 
entering the system. 
sulfur output. 
o r  in products of combustion, and 8 percent unaccountable. 

The s tee l  and steelmaking s lag contain about 6 percent of the 

In the heating of s teel  for  rolling o r  forging, there  is no change in the sulfur con- 
tent of the steel .  
power, little o r  no sulfur would appear  in the products of combustion. 

When heating with na tu ra l  gas  with a low sulfur content o r  with electr ic  

If sulfur-bearing fuel oil o r  gas  is used for  heating o r  for  reheating furnaces,  the 
sulfur in the f o r m  of SO2 will be in the exhaust  gas .  
s teel  may absorb  sulfur in an  amount up to 1 percent when sulfur is  present  in the 
exhaust gas.  

During processing, the scale on 

CO Balances for  the I ron  and Steel Industry 

Three steelmaking p rocess  segments  normal ly  produce an  off-gas containing sub- 
stantial  amounts of CO: 
ing upon the coal used during the coking p rocess ;  ( 2 )  the blast-furnace top g a s  m a y  have 
a CO content f r o m  about 20 to 30 percent,  depending upon operating practice:  and (3) the 
BOF gas before combustion with asp i ra ted  air may contain f r o m  74 to 90. 5 percent GO, 
and after combustion with asp i ra ted  a i r  f r o m  0. 0 to 0. 3 percent.  

(1) coke-oven g a s  contains f r o m  4.5 to 6.  9 percent CO, depend- 

Off-gas from other steel-plant p r o c e s s e s  will not normally contain any appreciable 
amounts of CO a s  the combustion p rocess  is meant  t o  go to completion. 
gas  may contain f r o m  0 . 3  to 0. 5 percent CO. 

However, such 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  - COLUMBUS L A B O R A T O R I E S  



TABLE v-16. ESTIMATED SUMMARY OF SULFUR BALANCE FOR THE u. s .  IRON 
AND STEEL INDUSTRY (1967) 

EIIimafed 
Amount. Average Sulfur Total  
milllon C0"tC"C. Sulfur 

lrem NT percent Conrenr. NT 

Coal 
Coking 

Coke oven gar 
Coke 
Tar and pitch 
Other by-products 

82 .1  

196,000 NT 
455,000 NT 

21,000 NT 
114.000 NT 

~ 

Other 

Iron are 

Steel scrap 

Ferroalloyr 

Fluxes 

Fuel oil 
Blast furnace 
Other we (fuel)  

Tar  and pirch 
Blast furnace 
Other me 

Liquid petroleum gar 

Natural gar 

Blast furnace slag 
Coke 
lion ore 
Flux 
Fuel oil 
Tar and pitch 

Su l fu r  to hot merai 

Raw steel and scrap 

Steelmaking nlag 

Fuels 
Coke oven gar 
Fuel o i l  
Tar and pitch 
Coke breeze 
Coal 

133. 3 

65.4 

2 .5  

31.4 

0.3 
4.1 

0 . 2  
1.3 

0.1 

12.2 

Toral 

30.0 
431.000 NT 
93.000 NT 
15.000 NT 

5 ,000  NT 
3 NT 

545,000 NT 
NT 

518.000 NT 

131.7 

13. 6 

196.000 NT 
77.000 NT 

8.000 NT 
24,000 NT 
69,000 NT 

374.000 NT 

__ 

Poirible lois from slag (518.000-450.000)  

Unaccounred for 

0.95 

1.00 

0.07 

0.03 

0.07 

0.05-1.00 

1.80 
1.80 

0.60 
0.60 

Ni l  

Nil 

1 . 5 0  

0.03 

0 10 

(786.000) 

196.000 
455.000 

69,000 

93.000 

20,000 

2,000 

21,000 

5.000 
85,000 

1.000 
8.000 

_ _  
.. 

~ 

955.000 

450.000 

39.000 

14 ,000  

374.000 

68.000 

10.000 
~ 

Total 955.000 
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Coke-Oven Gas 

A conventional s ize  of s lot  oven in the United States carbonizes about 24 tons Of 

coal per day. 
f o r  each ton of coke. 
carbonized. 

Table V-9  shows that about 15,000 cubic feet  of coke-oven gas  is produced 
This is  about 10,000 cubic fee t  of g a s  for each  ton of coal that is 

A base of carbonizing 1 ton of coal p e r  hour was selected to i l lustrate  the flow of 
coke-oven gas and its CO component: 

I tem Volume Gas CO Content - 
Source 

Coke-oven g a s  10,000 ft3 550 ft3 
.___________.___________________________----------------- 

Use - 
Coke-oven gas  to  ovens 4,000 ft3 220 ft3 
Other plant use  6 ,000  f t3  330 ft3. 

________________________________________- - - - - - - - - - - - - - - - -  
End Product  

Products  of combustion 
f r o m  coke-oven gas  44, 800 ft3 Nil 

The CO component of coke-oven gas using the above basis  may vary f r o m  490 to 
690 cubic feet per hour. 
re leased  to the a i r .  
sulfur-bearing gas to the atmosphere.  

Under normal  conditions, raw coke-oven gas  wi l l  not be 
However, leaks in the collecting sys tem would r e l ease  both CO and 

Blast  Furnace Top Gas 

Based on Figure C-24 in Appendix C, the m a t e r i a l  balance shows the production 
of 6450 pounds of blast-furnace top g a s  p e r  net ton of hot meta l .  
cal  disposition of the top gas and its CO component is tabulated below: 

The approximate typ i -  

I tem 

Source - 
Blast furnace top gas  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - -  
Use - 

Soaking pits o r  other 
plant use  

Amount, pounds 

6450 

4850 

CO, pounds 

1212.5 

Blast  furnace stoves 1600 400.0 
________________________________________-- - - - - - - - - - - - - - - - - -  
End Product  

Combustion products 
f r o m  stoves 2460 Ni 1 
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The amount of CO produced per net ton of pig iron may va ry  from 1290 to 1935 
pounds. 
ditions is not exhausted to the atmosphere. 

The gas is collected and cleaned before u s e ,  and under normal  operating con- 

._ 
1. j 

BOF P r o c e s s  

Based on Figure  C-65 in  Appendix C, the BOF p rocess  produces about 168 pounds 
of off-gas pe r  ton of s teel .  
the CO component is tabulated below: 

The typical and approximate disposition of the top gas and 

I tem 

Source 

Off-gas 

Amount of 
Gas ,  pounds pe r  CO, pounds p e r  
net ton of s t e e l  net  ton of s teel  

168 124.3-152 

Aspirated air added 717-877 
( theoret ical)  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
End Product  

Total off-gas 885-1045 0-2 .6  

The off-gas f r o m  a BOF operation based on the example above will  produce about 
124 to 152 pounds of CO per ton of steel. 
the weight of gas will increase  to about 885 to 1045 pounds pe r  ton of s teel  and will con- 
tain f r o m  0 to  about 2 . 6  pounds of CO. 

After a sp i r a t ed  air is added to the off-gas, 

During the no rma l  operation of an  iron and s t e e l  plant, only s m a l l  amounts of CO 
would r each  the a tmosphere  f r o m  this source.  

Fluoride Emiss ions  

The de t r imenta l  effect of fluoride emiss ions  on vegetation has  been documented 
and will not be discussed fur ther  here .  
r ides  f r o m  some localized s tee l  plant operations have contributed to  this situation. 
Because f luo r spa r  (a calcium fluoride mine ra l )  is used extensively in the making of 
s teel ,  the industry has been suspect as a contributor to fluoride emiss ions .  
h a s  been fu r the r  advanced because no data a r e  available concerning the fluoride emis -  
sions generated in the different steelmaking p rocesses .  A recent  r epor t  on work done 
in Germany at August Thyssen-Hutte AG, Duisburg-Hamborn, has shown that fluoride 
emiss ions  generated during steelmaking in bas ic  oxygen furnaces  and electr ic  furnaces 
become bonded to the other particulates generated and a r e  removed during the cleaning 
operations of existing emiss ion  control equipment(l5).  Analyses for  fluoride emiss ions  

tent of the emiss ions  to  the atmosphere var ied  f r o m  0.000045 grain pe r  cubic foot (STP)  
to 0.0005 gra in  p e r  cubic foot (STP)  in the f irst  heat ;  and f r o m  0.000045 to 0.0009 grain 
p e r  cubic foot (STP)  in  the second heat. 

In y e a r s  past ,  uncontrolled emiss ions  of fluo- 

This doubt 

. /  were  made continually during the course of two, 90-ton BOF heats.  The fluoride con- 
, 

Similar tests c a r r i e d  out with 20-ton electr ic-  

.,: 
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V-67  

a r c  furnaces showed fluoride particulate contents of 0. 023 to 0.  250 gra in  pe r  cubic foot 
(STP) and gaseous fluoride contents of 0 .  003 to 0 .  025 grain per  cubic foot (STP)  in  the 
raw gas.  These values were  reduced to 0.004 to  0 .04 gra in  pe r  cubic foot for  p a r -  

efficiency for  the particulate fluorides was repor ted  to  be 90 percent,  while collection 
of gaseous fluorides was repor ted  to be only 65  percent .  The lcw collection efficiency 
for  the gaseous fluorides was suggested to be  due to moisture  in  the off-gases  which 
combined with the gaseous fluorides to  f o r m  hydrofluoric acid which in  turn  decomposed 
on the g a s  probes to  give high gaseous emiss ions  in the off-gas. 
s inter-plant  waste gases  were  determined to  va ry  f r o m  0. 0003 to  0. 002 gra in  per  cubic 
foot for par t iculates ,  and 0. 0009 to 0. 01 gra in  pe r  cubic foot fo r  gaseous fluorides.  

_- .;# 
ticulates and 0. 002 to  0. 02 grain per  cubic foot fo r  gaseous fluorides.  Collection - 

> /  

Fluoride contents of 

Nitrogen Oxide Emiss ions  

The amount of nitrogen oxide emiss ions  generated in the steelmaking and all ied 

Be-  
processes  i s  not available in  the published l i t e ra ture .  Based on r e su l t s  obtained in 
other industr ies ,  nitrogen oxide emissions probably occur in  the s tee l  industry.  
cause natural  gas  is used quite extensively in  the i ron  and s tee l  industry,  this alone 
would indicate a source  of nitrogen oxide emiss ions .  Gas a n a l y s e s  specifically fo r  
nitrogen gases ,  apparently have not been considered a s  a ma t t e r  fdr even sporadic  a t ten-  
tion by the s tee l  industry.  
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SECTION VI  

ANALYSIS O F  APPLIED CONTROL SYSTEMS 

An explicit analysis of the various air-pollution control sys tems a s  they a r e  applied 
in the integrated iron and s teel  industry would of necessity be based on complete, a c -  
curate,  f i rs t -hand information pertaining to the various sys tems a s  they pe r fo rm their 
function in various iron and steelmaking operations:  Unfortunately, information with 
these qualities has  not been readily available in Phase  I .  
applies to this study must  be based'to a considerable degree on (1) what the capabilities 
and limitations of various sys tems appear  to  be, ( 2 )  information available in the pub- 
lished l i terature ,  and ( 3 )  information obtained by visitations to selected plants during 
the study. 

Therefore ,  analysis a s  i t  

An analysis of s e v e r a l  comparable pieces of equipment, p rocesses ,  p rocess  com- 
ponents, o r  mater ia ls  usually is made with re ference  to some common standard o r  
boundary conditions. 
paring performance of equipment for  controlling metallurgical emissions to the a i r  is 
not yet available, 
systems is highly dependent on personal  evaluation. 
i l lustrated in Figure 1 ,  (l)"'  Development of the Ringelmann Chart  was done on an a r b i -  
t r a r y  basis by Maximilien Ringelmann (of F rance )  and was introduced to the technical 
community of the United States in 1897 via a technical news publication, The Techno- 
logic Branch of the U .  S. Geological Survey (predecessor  to the Bureau of Mines) used 
the chart  in studies of smokeless  combustion in 1904, and by 1910 the chart  was recog- 
nized officially in Boston smoke ordinances.  ( 2 )  Over the years ,  the Ringelmann Chart  
has become accepted in the United States as  a means of determining emission levels.  
It has been only recently that equipment has been developed to monitor emissions f rom 
a steelmaking process  - the basic oxygen furnace ,  ( 3 )  Monitoring of emissions by this 
new method is based on grain loading p e r  cubic foot of gas Equipment manufacturers  
a r e  reported to be unwilling to supply pollution-control equipment to any Ringelmann 
requirement for  metal lurgical  emissions,  but do supply equipment to mee t  the various 
grain-loading requirements .  (4 )  

A well-defined, generally accepted standard of reference for  com- 

One standard that is used a s  a means of rating some pollution-control 
This is the "Ringelmann Chart" 

- 
Equivulent to Equivalent to Equivalent to Equivalrnt 10 

20 per cent black. 40 per cent black. 60 per cent black. 80 per cent black, 

FIGURE VI-1. RINGELMANN SMOKE CHART 

*References for Section VI-1 are given a t  the end of the Section. 
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Comparison of repor ted  operating efficiences f o r  the var ious emission-control  
installations covered in  this study is done on the bas i s  of gra in  loadings p e r  cubic foot 
of exhaust gas .  This method of comparing operating efficiences is used because there  
appears  to be no bet ter  method of making comparisons.  

Even with the use  of specific operating data, comparisons based on theoretical  
calculations a r e  not considered to be sufficient fo r  good comparisons,  a s  shown by the 
following s ta tements  made  in 1963(5): 

"A rat ional  theoret ical  equation covering all mechanisms in fi l tration 
does not yet ex is t  nor is there  a n  exact  overa l l  equation fo r  e lec t ro-  
s ta t ic  charging and separation fo r  a l l  s i ze s  considering a l l  p roper t ies  
of par t ic les  in an  electrostat ical ly  charged field.  " 

"For  the m o r e  complex cases  we will still depend on 'pilot plant '  
evaluations because of the economic r i s k  in selecting a collector 
if only a l imited number of pa rame te r s  can be resolved by the best  
measur ing  techniques,  " 

According to technologists knowledgeable in  this a r e a  of a i r  -pollution control 
technology(b), these same  s ta tements  hold t rue in 1968. 

The selection of an  air-pollution control sys t em for  a par t icu lar  ironmaking o r  
steelmaking p rocess  o r  p rocess  segment i s  not a s t ra ightforward,  "off the shelf" type 
of select ion.  P r o c e s s  var iables ,  space availability, operating costs ,  inherent control-  
equipment advantages, and future allowable-emission regulations mus t  a l l  be considered 
in selecting emission-control  equipment, (7) 
levels is of major  concern because no one knows what these s tandards may be, and s tee l  
companies a r e  in a position of installing equipment without knowing what future requi re -  
ments  will be,  
graded inexpensively to mee t  a s t r i c t e r  level.  

The fac tor  of future  allowable-emission - 

Usually, equipment installed to m e e t  one level of control cannot be up-  

Many ordinances of a loca l  nature es tab l i sh  requi rements  for allowable emissions 
at the level of 0. 05 gra in  p e r  cubic foot of g a s .  However, this  is  not to say that this will 
continue to be the acceptable level  of allowable emiss ions .  Color of emiss ions  and other 
f ac to r s  a r e  rapidly becoming points of concern to  the s tee l  industry and regulatory 
agencies.  

The e f f ec t  of par t iculate  emiss ions  on weather pa t te rns  i s  cur ren t ly  under study by 
the National Center fo r  Atmospheric Research .  
s ta tements  with r e spec t  to the generation of ice  nuclei and their  possible effect  on in-  
c r eased  rainfall(8):  

A recent  r e p o r t  contains the following 

"A s e a r c h  was  made f o r  strong local sou rces  of ice  nuclei. 
dust  blown up by s t rong winds, s tee l  mills have proven to  be the only 
source.  I '  

Apart  f rom 

"The t e s t  on 15 August was  made to  locate the source of the nuclei-  
which was t raced  to two orange plumes emanating f r o m  two s tacks of 
a Gary s teel  mill. " 
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VI-3 

F r o m  the situations presented by these s ta tements ,  i t  is apparent  that the level of 
allowable emissions is not stabilized, and the definition of an a i r  pollutant has not been 
completely resolved.  

A fac tor  affecting the economics of air-pollution control in  the i ron  and s teel  in-  
dustry i s  the amount of allowable emiss ions  based on the weight of ma te r i a l s  processed .  
The Los Angeles County, California,  Air Pollution Control Dis t r ic t  pe rmi t s  a maximum 
discharge weight of 40 pounds pe r  hour fo r  a p r o c e s s  weight of 30 o r  more  tons pe r  
hour(9).  
furnaces ,  each  making 30 tons pe r  hour of s tee l ,  a r e  operated simultaneously and the 
emissions collected by a manifolding sys t em for collection, the allowable discharge to 
the atmosphere is still only 40 pounds pe r  hour .  This means  tha t  the collection sys tem 
would have to be designed and constructed to a higher level of efficiency a t  an increased  
cost .  

This i s  based  on the discharge f r o m  a single stack. If two or  more  steelmaking 

This analysis of the various types of emission-control  equipment used in the inte- 
grated i ron  and s t ee l  industry deals p r imar i ly  with the types of equipment a s  they apply 
to the various p rocess  segments;  additional analytical  consideration is given to p rocess  
segments that have problems associated with the p rocess  itself, r a the r  than with the 
collection equipment (such a s  coke making).  As a point of information, a prel iminary 
tabulation of the types of equipment used in the var ious p rocesses  is given in Table VI-1 
This tabulation is not complete, and is based mainly on information in the published 
l i t e ra ture .  The tabulation shows, however, that e lectrostat ic  precipi ta tors  have found 
the grea tes t  application in the i ron and s t ee l  industry;  followed by scrubbers ,  mechan-  
ical  collectors (which a r e  p r imar i ly  cyclones), and fabric  f i l t e rs  (bag houses) .  

TABLE VI-1. REPRESENTATIVE EMISSION-CONTROL APPLICATIONS IN THE 
INTEGRATED IRON AND STEEL INDUSTRY 
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Iron or  Steelmaking Type of 'Emission-Control  Equipment 
Segment Me c hanica 1 Scrubbers  Prec ip i ta tors  Fabr i c s  

Sinter plant 17 2 9 3 
Blast  furnace(a) 13(b) 51 108 0 
Open-hearth furnace 0 6 93 0 
Basic  oxygen furnace 0 23 0 
Elec t r ic  furnace 0 5 1 2 9  
Scarfing 4 4 3 2 

- 15 .' - 

(a) Final control equipmenr. 
( b )  Dust collectors followed by other equipment are nor considered. 

E lec t ros ta t ic  Prec ip i ta tors  

The removal  of dust  par t ic les  (pr imar i ly  i ron  oxide) f rom exhaust gases  of i ron-  
making and steelmaking p rocesses  is accomplished by passing the dust-laden gas be-  
tween a pa i r  of e lec t rodes ;  one being a discharge electrode a t  a high potential and the 
other an electr ical ly  grounded electrode (which is the collecting electrode) .  
t ial  difference mus t  be grea t  enough to es tab l i sh  a corona discharge around the discharge 
electrode.  
under the action of the e lec t r ica l  field, and t ransfer  their  charge to the dust par t ic les  by 
collision with them. 
causes  the par t ic les  to d r i f t  toward the collecting electrode and to be deposited on the 
collecting electrode.  ( l o )  

The poten- 

Gas ions formed in the corona move rapidly toward the collecting electrode 

The e lec t r ica l  field interacting with the charge on the par t ic les  
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Electrostat ic  precipi ta tors  a r e  of two types, (1)  wire-in-tube and ( 2 )  wire-and- 
The wire-and-plate type i s  generally plate ( see  F igu res  B-5 and B-6, in Appendix B). 

used  f o r  the control of emiss ions  in the integrated i ron  and steel  industry. 

The e l ec t r i ca l  theory used to design electrostat ic  precipitators is well developed, 
and will not be d iscussed  he re .  Interested r eade r s  can r e f e r  to some of the texts on the 
subject. ( l o ,  
other f ac to r s  that a f fec t  the performance of e l ec t r i ca l  precipitators include (1) r e s i s -  
tivity of the dust, (2)  its mois ture  content, (3) the gas-f low r a t e ,  and (4) the distribution 
of gas  flow within the precipitator.  

. ', 12) In addition to the electr ical  environment within the precipitator,  

Resistivity mus t  be taken into account in the initial design phases of the precipi ta-  
This information mus t  e i ther  be obtained by experimental  methods o r  be available tor .  

f r o m  studies on s imi l a r  operations.  The variabil i ty of resist ivity for p rocesses  produc- 
ing i ron  oxide dusts is i l lustrated in Figure VI-2 .  ( l  1, 13) The wide range of resist ivit ies 
that can be encountered makes  i t  p referab le  to de te rmine  resis t ivi t ies  for the specif ic  
p rocess  than to r e ly  on speculation. 
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FIGURE VI-2. APPARENT RESISTIVITIES OF METALLURGICAL DUSTS 

Dusts can be conditioned to lower the resis t ivi t ies  and to make dust collection 
e a s i e r  in the electrostat ic  precipitator.  
e lectr ical  power is required to affect collection. 
collection is done in the iron and s teel  industry by the addition of water, which s e r v e s  
the purpose of cooling the gases  in addition to conditioning them. 
variation in res is t ivi ty  a s  i t  is affected by tempera ture  and moisture  content. (14) Here  

The lower the resist ivity of the dust, the l e s s  
Conditioning of metallurgical dusts for  

Figure VI-3 shows the 
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again, the difference in res is t ivi t ies  f o r  the fume fo r  two different open hear ths  is 
apparent, and i l lustrates  the necessity fo r  knowledge about the charac te r i s t ics  of 
specific fumes ,  
open-hearth dust  points up a fac tor  that can cause operating problems in the operation 
of e lectrostat ic  precipi ta tors  f o r  collecting open-hearth and BOF fume.  
f rom the use  of l imestone (CaC0-j) a s  a fluxing agent in open hear ths  can cause l e s s  than-  
optimum per formance  of the electrostat ic  precipi ta tor  because of this large difference 
in res is t ivi t ies .  
agent in BOF p rac t i ce ,  

The grea t  difference in  res is t ivi t ies  between limestone dust and the 

Dust result ing 

Similar  problems a r e  associated with the use  of l ime (CaO) a s  a fluxing 

2.7.10: 

Tompsrolun. F 

Limestone Dust 

Tcmpcrolure. F 

Open Hearth Dust 

T~mperalun.  F 

Open Hearth Dust 

FIGURE VI-3. APPARENT RESISTIVITIES AS AFFECTED B Y  MOISTURE 

High gas-flow ra t e s  that exceed the designed flow rate  for the installation adversely 
affect  the performance of e lectrostat ic  prec ip i ta tors .  Gas-flow ra t e s  have a d i rec t  in- 
fluence on the operating efficiency of precipi ta tors ,  and this effect  can be shown by using 
an  expression developed f o r  precipi ta tor  eff ic iency(l0,  l 5 ) :  

where 

E = efficiency 
A = collecting-surface a r e a  in  square f ee t  
V = gas-volume flow in cubic fee t  p e r  second 
w = dr i f t  velocity in feet  p e r  second. 

Values of "w" determined by using data obtained f r o m  commerc ia l  installations do not 
agree  with values determined on the basis  of theoret ical  calculations.  (15)  Because ex- 
per imental ly  determined values a r e  generally one-half the theoret ical  values,  the drift  
velocity fo r  commerc ia l  installations should be determined experimentally.  The r e l a -  
tionships among the various efficiency fac tors  is i l lustrated in  Figure VI-4. 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  - COLUMBUS LABORATORIES 



VI-6 

0 I 2 3 4 9 6 
I I I I 0 

I' 
I 
1 
I 
I 
I 
b 
1 

1 
I 

A (Collecting Surface Area) ,  f t 2  
V (Gasvolume Flow), feet per second 

FIGURE VI-4. PRECIPITATOR EFFICIENCY AS RELATED TO 
COLLECTING-SURFACE AREA, GAS-FLOW 
RATE, AND DRLFT VELOCITY 

The effect  of variations in gas-volume flow on precipitator efficiency is illustrated 
in Figure VI-5 .  
exceeded i s  quite evident. 

The decrease  in efficiency a s  the rated volume of the precipi ta tors  i s  

I O 0  

r 
C 
Q 
2 ; 90 
A 
V 
C 
m 
u 
._ 
._  
r 
r 

80 

0 0.50 I .o I .5 2.0 
R a t e d  Volume 

FIGURE V I - 5 ,  E F F E C T  OF GAS VOLUME ON PRECIPITATOR EFFICIENCY 

Electrostat ic  precipi ta tors  a r e  used for  a var ie ty  of p rocesses  in the i ron and 
s tee l  industry, ranging f r o m  their  use in s inter  plants to their  application in scarfing 
operations.  
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Sinter-Plant Applications of 
Electrostatic Precipi ta tors  

The very nature of a s inter  plant (with i t s  multitude of t ransfer  points for  mater ia l s ,  
and discharge points for  receiving, cooling, and screening the s in te r )  c rea tes  a severe  - .- 
emission problem. Various types of pollution-control equipment a r e  used for  a single 

\ -. 
plant; o r  i f  the operation can be sufficiently enclosed, a central  pollution-control instal-  
lation may suffice. Electrostat ic  precipi ta tors  a r e  used a s  secondary air-cleaning units 
in sinter-plant operations for the t reatment  of dust-laden gases  coming f rom sintering- 
strand windboxes. The only reported information located on dust loadings for  e lec t ro-  
static precipi ta tors  on sintering machines is that for the Inland Steel Company sintering 
machine in E a s t  Chicago, Indiana. 
loading of 2.  5 grains/  scf of gas at 457, 000 cfm, and yield an output dust loading of 
0 .  038 grain/scf gas;(16)  an efficiency of 98. 5 percent.  
control sys tem was  installed,  the mater ia l s  charged to the sintering machine have 
changed f r o m  straight o r e  f ines  to  o r e ,  f lue dust, and l ime.  The charac te r i s t ics  of the 
o r e  used has  a l so  changed. These changes i n  mater ia l s  have resul ted i n  an increase  of 
output dust loading to 0. 25 grains  p e r  cubic foot, and a decrease i n  collection efficiency 
to  90 percent.  

This installation was  reported to  handle an input dust  

However, since the pollution- 

Installation of mos t  sintering machines in the United States was done a t  a time 
when the advantages of self-fluxing s inter  as blast-furnace burden had not been well 
established. However, with the advancement of s inter  technology, the use and produc- 
tion of self-fluxing s in te rs  became the rule r a t h e r  than the exception. Lime additions 
required in the production of self-fluxing s in te rs  created increased dust problems for  
the dust-collecting systems,  with the resu l t  that additional e lectrostat ic  precipitator 
capacity was required(l7) ,  o r  use was made of other types of equipment that were not 
a s  vulnerable to such changes in operating procedures .  

Blast-Furnace Applications of 
Electrostatic Precipi ta tors  

The use of c lcctrostat ic  precipi ta tors  for cleaning blast-furnace gas has come 
about because of the requirements for c leaner  gas for  the hot-blast  s toves.  
ward the use of higher blast temperatures  required the use of checker bricks with 
smal le r  holes, which in turn dictated the requirement  for  cleaner blast-furnace gas to 
prevent plugging of the holes.  
ation of thc blast s tovcs.  
been addcd to the existing emission-control sys tems on blast furnaces.  

Trends to- 

Plugging would present  major  problems in  efficient opcr -  
In all recorded installations, electrostatic precipitators have 

Operating problems havc not been a point of major  conccrn for application of 
electrostatic precipi ta tors  to blast-furnace emissions.  
for  this t rouble-free operation. F i r s t ,  the blast  furnace is an almost  continuous p r o -  
ducer of gas,  except for the comparatively s h o r t  intervals when the blowing ra te  of the 
blast furnace is lowered during the t ime s lag i s  flushed o r  iron is cast .  
high percentage of thc particulate emissions a r e  removed b y  the wet-scrubbing systems 
that had previously been used to clean the gases .  In addition to performing a significant 
cleaning opcration, the wet sc rubbers  se rve  to condition the gases  pr ior  to their  entry 
into the electrostat ic  precipi ta tor .  

There a r e  two possiblc reasons 

Sccond, a 
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Open-Hearth Applications of 
E lec t ros ta t ic  Prec ip i ta tors  

Use of oxygen lancing i n  the refining of s teel  in  open-hearth furnaces  made the use  
of some type of pollution-control equipment mandatory.  

_. used  first in  the t rea tment  of this emission problem. They were  a r a the r  logical choice 
because some existing open hear ths  made use  of waste-heat  boi lers  to recover  heat and 
t o  generate  s t eam f r o m  the exhaust gases ,  so no additional conditioning equipment was 
requi red .  

Electrostat ic  precipi ta tors  were .- c 

Elec t ros ta t ic  prec ip i ta tors  can be applied to open hear ths  in various ways. The 
f i r s t  installations in 1953 were  essent ia l ly  a prec ip i ta tor  f o r  each  open hear th .  Kaiser  
Steel  Cor oration, Fontana, California, installed one precipi ta tor  for each  of nine open 
h e a r t h s ( l s ) ,  and in the same  year  the U .  S. Steel Corporation (a t  i ts  Fa i r l e s s  P lan t )  
installed twin, para l le l  precipi ta tors  for  each  of nine open hea r ths ( l9 ) .  
Steel installed four  e lectrostat ic  precipi ta tors  to t r e a t  emissions f r o m  11 open 
hear ths(20) ,  followed by Bethlehem Steel 's  (Sparrows Point)  installation of six p r e  - 
cipitators fo r  seven furnaces(21  ), and Weirton's 1965 installation of one precipi ta tor  for 
two open hea r ths (22 ) .  
the p a r t  of the var ious companies a s  to what type of precipi ta tor  installation best  suited 
their  par t icu lar  open-hearth shops.  This however, was not necessar i ly  the case .  
Availability of space was a major  factor in many cases  in  determining whether to use  
one precipi ta tor  p e r  furnace or  not. Most of the e a r l i e r  installations did have sufficient 
space available, and there  were technological uncertaint ies  about the suitability of the 
prec ip i ta tors ,  These fac tors  encouraged the use  of one precipi ta tor  pe r  furnace.  U .  S. 
S tee l ' s  installation of four precipi ta tors  to s e r v e  11 furnaces was the f i r s t  at tempt a t  
manifolding the gas  off takes  f r o m  the furnaces  into a common collecting main that in 
turn channeled the gases  into four precipi ta tors .  

In 1959, U .  S .  

This sampling of installations appears  to suggest indecision on 

Manifolding of the exhaust gases  f rom 11 open hear ths  served  two purposes:  
(1)  i t  provided a mixing of the waste gases  so  that the temperature  would not exceed 
600 F, even though two waste-heat boilers could be by-passed with the discharge of 
waste gases  a t  1200 F into the collecting main,  and ( 2 )  a diluting of the fume and dust  
took place with the resu l t  that  the gas entering the precipi ta tor  had a more  uniform dust 
loading, (20) Diluting and mixing of the dust was a par t icular  advantage because the 
Open-hearth furnaces  in the shop were a t  different  s tages  of processing the heats a t  any 
given t ime, and at any instant the generation of emiss ions  was different f r o m  each f u r -  
nace.  
manifolded gas collection. 
Indiana Harbor ,  E a s t  Chicago, Indiana, has  one l a rge  precipi ta tor .  rz3) The new instal-  
lation at  Youngstown Sheet and Tube Company's, Campbell  Works will make use  of 
essent ia l ly  a one-to-one installation with six precipi ta tors  fo r  seven furnaces .  (24)  The 
first  unit was placed into operation in October,  1968. 

One of the most - recent  precipi ta tor  installations (1968) fo r  open hear ths  uses  
Inland Steel Company's seven-furnace o en hea r th  shop at 

Two major  problems that have faced s t ee l  companies and equipment manufac turers  
in the installation of e lec t ros ta t ic  precipi ta tors  f o r  open hear ths  have been (1 )  the design 
of the ducts used to c a r r y  the gases  f r o m  the open hear ths  to the precipi ta tors ,  and 
( 2 )  the design of the gas-distribution sys t ems  a t  the entrance to the prec ip i ta tors ,  Even 
though a g rea t  deal  of theoret ical  knowledge is available on the design of ducts, the use 
of t ransparent  models  is considered to be a lmost  a necessi ty  in the prac t ica l  design of 
ducting. This approach was used in the design of the precipi ta tor  sys tem a t  Kaiser  in 
1953(l8),  a t  Bethlehem - Sparrows Point  in  1961(21), and a t  Weirton in 1965(22).  
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VI-9  

The major  problem with respec t  to actual efficiency of electrostatic precipi ta tors  
The problem s t ems  f r o m  the var ia-  on open hea r ths  i s  the open-hearth p r o c e s s  i tself .  

tions in fuel u sed  during the open-hearth refining of s teel ,  which in  turn affects the 
moisture  content of the gases.  (25926) A d ry -gas  condition occurs  shortly after the hot- 
meta l  addition, and las t s  for about 15 to 20 minutes. The low mois ture  content is  caused 
by a low fuel-firing ra te ,  low use  of atomizing s team,  and a low initial oxygen-lancing 
rate.  ( 2 6 )  
poor efficiency, because low mois ture  levels  r e su l t  in  higher resist ivit ied with accom- 
panying higher power requirements  to achieve collection of the fume. 
the situation may be cor rec ted  in  two ways: 
increased ,  o r  (2 )  a steam-injection sys t em can be installed to supply the des i red  mois -  
tu re .  
ionization. 

C 

The moisture  content drops a s  low as 2 percent,  which i s  a bas ic  cause of 

In some c a s e s ,  
(1)  power input to the precipitator can be 

Increased  power may be ineffective,  as in the case  of lime which causes  back 

Basic-Oxygen-Furnace Applications of 
Electrostatic Prec ip i ta tors  

Electrostat ic  precipi ta tors  were not the f i r s t  type of pollution-control equipment 
The f i r s t  sys t em was a wet sys t em that was com- installed on basic oxygen furnaces.  

bined with a distintegrator a t  McLouth Steel Corporation in 1955. ( 2 5 )  The f i r s t  e l ec t ro -  
static precipi ta tors  were  placed into service in 1957 by Jones  and Laughlin at their  
Aliquippa plant, followed in  1958 by the Ka i se r  Steel Corporation a t  Fontana, 
California. (26)  A list of the basic oxygen steelmaking shops in the United States,  with 
their  respective pollution-control equipment i s  given in  Table VI-2. 
based on the la tes t  available information pertaining to cu r ren t  installations,  plus r e -  
ported plans for  new installations. 

The compilation i s  

Problems associated with applications of e lectrostat ic  precipi ta tors  to basic oxy- 
gen furnaces  a r e  basically those of variabil i ty in  gas  flow and the moisture  content and 
tempera ture  of the entering gases ,  (which a r e  functions of the p rocess )  and of mainten- 
ance. Gas-flow ra t e s  fo r  the p rocess  mus t  be determined on the bas i s  of theoretical  
c a l ~ u l a t i o n s ( ~ 7 ) ,  o r  on data obtained f r o m  similar operations. 
gas volumes is  quite straight-forward and can even be developed as a nomograph, a s  
shown in  F igure  VI-6 ,  that was  developed as p a r t  of this study. As i l lustrated by the 
dashed line in  F igure  VI-6, the off-gas volume for a 220-ton BOF hea t  using 70 percent  
hot metal  at 4. 0 percent carbon, an  excess  air factor of 100 percent,  and a blowing time 
of 20 minutes would be 53, 000 cfm. However,  elimination of carbon f r o m  the hot me ta l  
i s  not the only source of carbon monoxide, and it appears  that  reactions in the hot meta l  
and slag contribute additional gases .  This i s  i l lustrated in F igure  VI-7, which shows 
gas  evolution f r o m  three different plants a s  they compare to the theoretical  maximum 

Calculation of theoretical  

value s . (28) 

A significant design problem that is encountered in the design of electrostatic p r e -  

The existing s ta te  of technology m a y  predic t  a cer ta in  ra te  of production, and 
cipitators for  new basic oxygen furnace installations is the potential production ra te  of 
the BOF. 
the electrostat ic  pollution-control sys t em m a y  be designed for a nominal increase in 
capacity; but should the BOF technology develop (as  is quite likely) s o  a s  to r e su l t  in a 
l a rge r  increase  in production, the electrostat ic  pollution-control equipment may soon be 
inadequate. Production increases  a s  high as 20 percent  can be realized, as shown by 
a 150-ton BOF plant in the Chicago a r e a  that is now producing 205 net tons pe r  heat. (29 )  
Some of the increased  productivity is undoubtedly due to increased  oxygen-blowing r a t e s .  
What effect  such increases  may have on the amounts of particulates is not known, but it 
can be assumed that there will be a t  l eas t  a proportionate increase  in iron-oxide fume.  
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FIGURE VI-6. THEORETICAL TOTAL OFF-GAS VOLUME FROM BOF FURNACES 
AS INFLUENCED BY HEAT SIZE, PERCENT HOT METAL, AND 
EXCESS COMBUSTION AIR FOR A 4 . 0  PERCENT CARBON HOT 
METAL AND 20-MINUTE BLOWING TIME 

Notes: (a)  F o r  other  carbon contents in hot metal ,  multiply off- 

(b) F o r  other  blowing t imes,  multiply off-gas volume by 
gas  volume by the ratio:  new carbon contentl4. 0. 

the ratio:  20 minutes/new blowing t ime.  

Shop A Shop .CO. -maximum stop  B 

1 
Blowing Time Blowing Time Blowing Time 

FIGURE VI-7. THEORETICAL AND ACTUAL, GAS RATES DURING BLOWING 
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Maintenance problems with electrostat ic  prec ip i ta tors  a r e  generally associated 
with the precipi ta tor  proper  which includes r appe r s ,  v ibra tors ,  and insulators .  The 
hoods over the BOF a r e  a necessa ry  p a r t  of the collection sys tem,  and can resu l t  i n  
operating problems.  
anticipated operating conditions and the anticipated buildup of a skull on the mouth of the 
furnace .  Excess  buildup can r e s t r i c t  the flow of a i r  required for  combustion of the c a r -  
bon monoxide, with the resu l t  that a significant amount of carbon monoxide may reach  
the e lec t ros ta t ic  precipi ta tor  with possible d isas te rous  r e su l t s .  The explosion hazard  
with an e lec t ros ta t ic  precipi ta tor  is  a real i ty ,  and not  jus t  an  anticipated possibil i ty,  a s  
a t tes ted by an explosion in 1968 a t  the Monessen, Pa . ,  plant of the Wheeling-Pittsburgh 
Steel Corp. ( 3 0 )  All i ron  and s teel  production was stopped f o r  1 week, and only par t ia l ly  
r e sumed  for  the second week while r e p a i r s  were  completed.  

The gap between the BOF and the hood is usually dictated by the 

E lec t r i c  -Furnace  Applications of 
Eicctrostat lc  Prec ip i ta tors  

Only one known installation of an e lec t ros ta t ic  percipi ta tor  with an e lec t r ic -  
€urnace plant i s  in  operation. 
and Laughlin Steel Corporation, Cleveland, Ohio. The electrostat ic  prec ip i ta tors  a r e  
considered to be operating satisfactorily.  Bethlehem Steel Corporation installed e l ec -  
t ros ta t ic  precipi ta tors  on the e lec t r ic  furnace plant at Los Angeles, Cal i fornia  in  1955. 
They were  replaced by bag houses in  1967. 

This installation is the electr ic-furnace shop of the Jones 

Wet Scrubbers  

Wet sc rubbe r s  of var ious types have been used  in the integrated i ron and s t ee l  

However, a s  c leaner  gas  became a requirement  fo r  f i r ing 
industry for many yea r s .  
c lean blast-furnace gas .  
blast- furnace stoves to higher temperatures ,  other types of wet scrubbing were  used.  
The introduction of fixed-orifice,  then var iable-or i f ice ,  and finally venturi  s c rubbe r s  
was a na tura l  for  blast-furnace operation. Advances in blast-furnace technology and 
improvements  in burden ma te r i a l s  s ta r ted  to r each  a point where improvements in the 
flow of reducing gases  up through the burden became a necessi ty .  One method of ob- 
taining such improvement was the use of blast-furnace top p r e s s u r e s  that were above 
atmospheric  p re s su re .  
sys t em.  The installation of or i f ice ,  var iable-or i f ice ,  o r  ventur i  sc rubbers  in the gas  
s y s t e m  was a pract ical  way of obtaining c leaner  g a s .  The p r e s s u r e  required to achieve 
the necessa ry  cleaning action was already in the b las t  furnace,  and little additional 
auxi l iary equipment was required.  

The f i r s t  wet s c rubbe r s  were  s imple sp ray  towers used to 

In essence ,  the blast  furnace  sys t em became a p re s su r i zed  

High-energy scrubbers  (i. e . ,  those capable of p re s su re .  drops of 30 inches of 
water  o r  higher)  a r e  used in steel-plant applications.  
fo r  controlling emiss ions  f r o m  sinter  plants, open hear ths ,  BOF's ,  a s  well as f rom 
blast  furnaces .  In some operations where par t iculates  in blast-furnace gas  mus t  be 
lowered to 0 .005 gra in  p e r  cubic foot, e lec t ros ta t ic  precipi ta tors  have been installed 
in s e r i e s  with wet sc rubbers  to obtain final cleaning. 

High-energy scrubbers  a r e  used 

One of the principal advantages of high-energy wet sc rubbers  is their  ability to  
handle variations in gas  volumes, while s t i l l  maintaining the required operating e f f i -  
ciency. This charac te r i s t ic  of venturi s c rubbe r s  is i l lustrated in Figure VI-8(31), 
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FIGURE VI-8. OPERATING CONDITIONS FOR A VENTURI SCRUBBER 

The effect of water  r a t e  a t  a constant th roa t  velocity on the output dust  loading of 
a venturi sc rubber  handling blast-furnace gas  is shown in Figure VI -9 .  (32) 

0 2 4  6 8 IO  12 
W a t e r  LeveI ,gaI lans/ lOOO c u - f t  

1 

FIGURE VI-9. EFFECT OF WATER RATE ON OUTPUT DUST LOADING 
FOR A VENTURI SCRUBBER 

Theories  that can explain the various mechanisms of collection involved in  the p e r -  
formance of wet s c rubbe r s  and can se rve  as a basis  for  comparison a r e  not completely 
developed, a s  indicated f r o m  the following s ta tement  f r o m  a recent ly  published manual 
on the subject.  (33) 
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where it can be seen  that f o r  a given throat  velocity of the gases ,  the efficiency is in-  
creased by increasing the wa te r lgas  ra t io ,  o r  simply by pumping water  at an increased  
rate.  ever, the maximum and minimum values  of water and /o r  gas  r a t e s  for high- 

sc rubbers  used  in  the i ron  and s teel  industry a r e  unknown. 

"The theories  of the var ious mechanisms involved in wet collection have 
not been completely developed; some,  such as the electrostat ic  effect  and 
humidification a r e  more  presumed than understood, and the a i r  cleaning 
tasks  to which wet col lectors  a r e  applied r a r e l y  involve a simple,  un i form,  
nonreactive par t iculate  d i spersed  in  a s imple c a r r i e r  gas .  The wet co l -  
lectors  themselves a r e  typically not single mechanism units but usually 
function on the basis  of s eve ra l  collection mechanisms,  
c lear  -cut c lass i f icat ion of equipment impossible and imposes difficulties 
in selecting a collector for  a given task without knowledge of their  p r e -  
vious application. " 

An empir ica l  method has  been developed to cor re la te  sc rubber  eff ic iencies .  

This makes  

This 
method is called "The Contacting-Power Concept", and is defined a s  follows(34):  

"In the gas-liquid contacting p rocess ,  power is dissipated in  fluid turbulence 
(in g a s  and liquid phases)  and, ultimately, as heat; i t  is this power, expressed 
a s  power p e r  unit of volumetric gas  flow rate, that is the c r i te r ion  of sc rubber  
efficiency, and i t  has been designated 'contacting power ' .  " 

It should be noted that the power r e f e r r e d  to excludes power consumed by motors ,  f r i c -  
tion, and mechanical l o s ses .  
development of the contacting-power concept is as follows(35): 

A conclusion of the init ial  investigators which led to the 

"When compared a t  the s a m e  gas power consumption, a l l  sc rubbers  give 
substantially the s a m e  degree of collection of a given d ispersed  dust, 
regard less  of the mechanism involved and r ega rd le s s  of whether the 
p re s su re  drop is obtained by high gas  flow r a t e s  o r  high water  flow 
ra t e s .  The collection efficiency increases  as the p re s su re  drop in-  
c r eases ,  the increase  being especially rapid f o r  p r e s s u r e  drops over  
10-in. water .  " 

Mathematically the contacting-power concept can be expressed  a s  follows: 

Nt = aPT Y , 

where 

N t  = the number of t r ans fe r  units 
I N t  = 2 . 3  log- 1 -E 

E = collection efficiency 

PT = total contacting power.  

While the calculation of Nt  i s  quite simple,  s i m i l a r  calculations for PT require  data on 
the gas-flow ra te ,  water-flow ra te ,  and water  feed p r e s s u r e .  
is plotted on log-log coordinates,  a s t ra ight  line correlat ion is evident a s  shown in 
F igures  VI-10 and VI-11(34). 

When the required data 

The coefficient a is the value of the intercept  where PT is  
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VENTURI SCRUBBER ON OPEN-HEARTH 

one, and y is the slope of the line. 
and/or  fume,  and a r e  not influenced by the way the contacting power i s  applied to the 
scrubber.  Some industrial  data were  used i n  analyzing the contacting power concept: 
however, ful l -scale  industrial  tests in  s teel  plants were  not made.  

The coefficients are essentially functions of the dust 

A character is t ic  of wet sc rubbers  over  other types of emission-control  equipment 
is  that gases such  a s  carbon dioxide and sulfur  dioxide will dissolve in the water .  (36) 
This can be par t icular ly  advantageous where sulfur dioxide is  in concentrations that 
would exceed the concentrations permi t ted  by regulations. 
formance is  offset by the severe  cor ros ion  problems result ing f r o m  the formation of the 
respective acids,  and by the effects  the acidified water  has  on the operation of the wa te r -  
t rea tment  facil i t ies.  If the maintenance problems involved a r e  d is regarded ,  the wet 
scrubber may be an effective means  of reducing the emiss ion  of sulfur dioxide to the 
atmosphere.  
wet scrubbers(37) ,  but a lso that there  a r e  no data on the input and output of sulfur dioxide 
for  wet scrubbers(38) .  

However, this plus i n  p e r -  

It h a s  been stated that there i s  a significant removal  of sulfur dioxide by 

Application of Wet Scrubbers  in 
Sinter Plants 

Of about 40 s inter  plants a t  various s t e e l  plants, only two a r e  known to have wet- 
sc rubber  installations. One uses  a venturi s c rubbe r  to t rea t  emissions f r o m  the wind- 
box of the machine(39), and the other u ses  flooded-disk scrubbers  a t  the discharge end 
of the sintering machine(40). 
edly 0 .01  gra in  p e r  cubic foot. 

_.. -. 
- - 

The output loading of the flooded-disk sc rubbe r s  is r e p o r t -  

E a r l y  application of wet s c rubbe r s  to s in te r  plants resulted in operating problems 
which were t raced  to e ros ion  and imbalance of the fan blades on the exhaust-system 
blowers. These a r e  the blowers that provide the d ra f t  through the s in te r  bed required 
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to  ignite the fuel.  Eros ion  of the blades has been a problem even with dry  pollution- 
control sys tems.  However, the imbalance occurr ing  in  the fan  blades is  aggravated i n  
s inter  plants having wet pollution-control sys t ems  because the dust that i s  c a r r i e d  over 
to  the fan  is  mois t ,  and h a s  a grea te r  tendency to  accumulate on the blades.  
balance problem h a s  been repor ted  to be caused by  uneven buildup of the dust and a l so  by 
the breaking off of la rge  amounts of built-up dust  which places  severe  unbalanced loads 
on the blades.  
breakdowns in  the blowers .  
tenance to remove the dust  buildup. 

The im- 

Both situations have caused seve re  vibrations and sometimes major  
This situation is  minimized by constant preventive main-  

Application of Wet Scrubbers  to 
Blast  Furnaces  

During 1967, about 170 blast  furnaces were  producing hot metal ,  and of this num- 
be r  about 51 were using wet sc rubbers  as the pr inc ipa l  method of cleaning blast-furnace 
gas .  Of these,  about 33 were  high-energy sc rubbe r s .  In addition, about 35 blast  f u r -  
naces  were equipped with high-energy sc rubbe r s  a s  cleaning units preceeding e l ec t ro -  
s ta t ic  precipi ta tors  which se rve  as final cleaning uni ts .  

The f i r s t  high-energy scrubbers  were installed in 1955. They were simple,  fixed- 
or i f ice  plates installed in  the gas l ines,  with water  introduced into the main a t  some d is -  
tance ups t r eam f rom the orifice plate. These sc rubbe r s  operated a t  p re s su re  drops of 
30 to 50 inches of water  with result ing output loadings varying f rom 0 .01  to 0 .03  grain 
p e r  cubic foot. (41, 42, 4j) The orifice scrubber ,  however, had the major  disadvantage 
that i t  could not handle the variations in gas flow, and consequently could not m e e t  the 
requi red  emiss ion  l imits  during cer ta in  phases  of blast-furnace operation when the 
velocity of the gases  coming f r o m  the blast  furnace  was lowered. 

The need fo r  high-energy wet s c rubbe r s  that could handle variations in g a s  flow 
f r o m  a blast  furnace led to the development of var iable-or i f ice  scrubbers  that attempted 
to cope with the variabil i ty of gas  flow by adjusting the s ize  of the or i f ice  opening, 
per formances  of a var iable-or i f ice  scrubber  and a fixed-orifice scrubber  a r e  i l lustrated 
in  Figure VI-12. (44) The ef fec t  of a reduction in  wind ra te  on the two types of equip- 
ment  is quite evident. 

The 

During the same  per iod that the or i f ice  and var iable-or i f ice  scrubbers  were  r e -  
ceiving attention f r o m  blast-furnace technologists, the venturi  sc rubber  was a l so  under 
investigation a s  a possible  means  of cleaning blast-furnace gases .  
of venturi  s c rubbe r s  to blast-furnace a s  was repor ted  in  1955(45), with other installa- 
tions reported in 1956(46) and 1960(47f. Technical data relating the output dust  loading 
to the water ra te  and p r e s s u r e  drop of a blast-furnace venturi  scrubber  a r e  shown in 
F igure  VI-13(45). The relationship between clean-gas dust loading and p r e s s u r e  drop 
is shown in F igure  VI-14(47), that i l lustrates  the low output dust  loadings that can be 
achieved with this equipment. This high per formance ,  however, can be achieved only 
if  the blast  furnace  is operating a t  a high-enough top p res su re  to provide the required 
p r e s s u r e  drop.  
by the large number of blast  furnaces operating with electrostat ic  precipi ta tors  a s  the 
f inal  gas-cleaning unit .  (See Table VI-1 that shows 108 blast  furnaces  operating with 
e lec t ros ta t ic  prec ip i ta tors .  ) 

The f i r s t  application 

l -  

This level of high top p r e s s u r e  h a s  not been achieved, a s  evidenced 
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FIGURE VI-14. CALIBRATION CURVE FOR A BLAST-FURNACE 
VENTURI SCRUBBER 

Application of Wet Scrubbers  to 
Open-Hearth Furnaces  

Wet washing of open-hearth gases was f i r s t  considered to be economically ex- 
pedient for shops that were  to be operated only during high peak demands for s teel ,  
under which conditions the low capital cost  f o r  the wet sys tem was considered an ad- 
vantage. (48) However, some open-hearth shops that were  considered to be fair ly  new 
found that wet sc rubbers  were  economically a t t ract ive when the shop either had no waste 
hea t  boi lers  or the existing bo i l e r s  could not lower the gas  tempera tures  enough to war -  
r a n t  the installation of e lectrostat ic  The first open 

o thers  subsequently followed. Output gas  loadings of 0. 01 to 0. 05 grain p e r  cubic foot 
have been repor ted  for the installations,  again with the cleaning efficiency relating di- 
rect ly  to  the p r e s s u r e  drop of the scrubber.  The relationship between c lean-gas  dust 
loadings and p r e s s u r e  drop f o r  an  operating open hea r th  installation is  i l lustrated in 
F igure  ~ 1 - 1 5 ( 4 8 ) .  The figure is  
representa t ive  of open-hearth practice with low oxygen-blowing r a t e s  and is  not neces- 
sa r i ly  representative of present -day  practice using higher oxygen-blowing ra tes .  

recipi ta tors  o r  bag houses.  (49, 50) 
hea r th  installation was  made in 1959 748) a t  U .  S. Steel 's  Edgar  Thomson Works,  and 

Oxygen lancing was used  during the refining period. 

Application of Wet Scrubbers  to 
Basic Oxygen Furnaces  

Wet scrubbers  were  f irst  installed in 1954 on a bas ic  oxygen furnace at the 
Hamilton Plant ,  Dominion Foundries  and Steel Ltd. ,  Ontario, Canada. The f irst  in-  
stallations in the United States was  made a t  the Duquesne P lan t  of the U.  s. Steel Cor-  
poration in  1963. 
compared to the number of e lectrostat ic  precipi ta tors  i s  shown in  F igure  VI-16. 
the principal reasons  f o r  selecting electrostatic precipi ta tors  over high-energy wet 
s c rubbe r s  i s  the existence of a water - t rea tment  problem in  a plant. 
clude inadequate water - t rea tment  facil i t ies,  o r  the lack of sufficient water .  
there  a r e  15 BOF plants in the United States with high-energy scrubbers  as the p r imary  
pollution-control equipment, there  is a notable lack of published information concerning 
their  operation. It appears  that problems assoc ia ted  with wet sc rubbers  in other appli- 
cations apply a l so  to BOF installations. 

The number of high-energy wet  sc rubbers  installed over the yea r s  a s  
One of 

P rob lems  can in-  
Even though 
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P rob lems  associated with improper performance of wet scrubbers  can be a t t r ib -  
uted to a lack of mater ia l s  to withstand the abrasive and corrosive nature of the dust-  
laden water,  o r  a misapplication of construction m a t e r i a l s .  Design of wet scrubbers  
does not appear  to be a contributing factor  to deficiencies in scrubber  performance.  

Application of Wet Scrubbers  to 
Elec t r ic  Furnaces 

High-energy scrubbers  for  e lec t r ic  steelmaking furnaces a r e  known to be used in 
The f i r s t  installation was only two shops; both owned by the Armco Steel Corporation. 

made a t  the Butler,  P a . ,  plant on a 70-ton furnace in 1958(51), and the second the 
Armco plant in Houston, Texas.  
s ion)  will soon include three 150-ton furnaces(S2)  that probably will be serviced with 
high-energy wet sc rubbers .  
plant will be equipped with high-energy wet s c rubbe r s  operating a t  a p re s su re  drop of 
60 inches,  (53)  N o  other e lec t r ic  furnace shops a r e  known to be using high-energy wet 
sc rubbers .  

The Butler plant (current ly  in the process  of expan- 

When expansion plans a r e  completed in 1969, the Houston 

Fabr i c  F i l t e r s  

Fabr ic - f i l t e r  installations ( o r  baghouses a s  they a r e  m o r e  commonly called) have 
their biggest s teel- industry application in the control  of emissions f r o m  e lec t r ic  
furnaces  - -  a total of 2 9  installations. 
plants, and two applications on scarf ing machines .  
in Europe(54), but no installations of this type have been made in the United States .  

There also a r e  three known applications a t  s inter  
Fabr ic  f i l ters  are used on BOF's  

The performance of fabr ic  f i l ters  has been well  developed on the basis of the- 
ore t ica l  principles,  and numerous descriptions a r e  available in the published l i t e ra ture .  
A reduction of the theoretical  concepts to a simplified mathematical  f o r m  resul ts  in  the 
following equation(''): 

where 

H '  = fi l ter  res is tance increase in inches of water  
r = specific res is tance of the dust (determined experimentally) in inches of 

water gage p e r  pound of dust p e r  square  foot of f i l ter  cloth a r e a  p e r  foot 
p e r  minute of fi l tering velocity J 

L = input dust  loading to the f i l t e r  in grains  p e r  cubic foot of a i r  
t '  = operational t ime in minutes 
v = fi l tration velocity in feet  p e r  minute. 

This equation leads to the conclusion that res i s tance  of the fi l ter  to flow i s  direct ly  p r o -  
portional to ( 1 )  the square  of the superficial  face velocity, ( 2 )  the weight of the dust 
collected on the fabric ,  and (3)  the time of operation since the las t  cleaning.(54) 
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A m o r e  recent  method of evaluating fabric-f i l ter  performance is based on '!filter- 
The development of the method is based on s imi la r i ty  to e lec t r ica l  c i rcu i t ry  and drag".  

to heat t r ans fe r .  The equation for  f i l t e r -drag  evaluation is as follows: 

AP E 
or  in  e l ec t r i ca l  analogy I = - S '  R V = - 

where 

V = velocity in feet  p e r  minute 

S = f i l ter  d rag  in  inches of water  p e r  foot p e r  minute. 
A P  = p r e s s u r e  drop in  inches of water  

The factor  V is s imi l a r  to the air - to-cloth ra t io  of m o r e  common usage.  
independent of the s i ze  of the unit, the f i l t e r  ra t io ,  the type of dust, the style of fabric,  
and a l l  other  specif ics  of application. (56) 
formance of fabr ic  ma te r i a l s  p r io r  to ful l -scale  installation in  a bag house.  

F i l te r  drag  is 

The method has been used to evaluate the p e r  
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Application of Fabr i c  F i l t e r s  
to Sinter P lan ts  

Typical of the use  of fabr ic  f i l t e r s  in  s inter ing plants is the collection of dust  
generated at  the discharge and screening locations a t  the Bethlehem Steel Corporat ion 's  
plant a t  Bethlehem, P e n n ~ y l v a n i a ( ~ ' ) ,  and the U. S.  Steel Corporation's plant a t  Gary, 
Indiana(l7).  
down sections f o r  maintenance without affecting the cleaning efficiency of the units.  
Per t inent  s ta t i s t ics  for  the two units a r e  given in  Table VI-3. 

Both units a r e  sectionalized, with sufficient capacity to pe rmi t  shutting 

Application of Fabr i c  F i l t e r s  to 
Open-Hearth Furnaces  

An experimental  baghouse was installed a t  the Lackawanna plant of the Bethlehem 
Steel Corporation in February ,  1960. (58) The development work was done with an 
oxygen-lanced open-hearth furnace,  and resu l t s  were  sat isfactory.  A production bag- 
house was placed into operation by Bethlehem Steel a t  the No .  2 Open-Hearth Shop a t  
Sparrows Point in  1963. (59 )  The only change that had to be made  in melting prac t ice  
was the elimination of f luorspar  a s  a flux. 
each. The bags were 11 .5  inches in d iameter  and 34 feet  long. Design capacity was 
145,000 cfm a t  500 F. With an input dus t  loading of 1 . 4  grains  p e r  cubic foot, the out- 
put loading was 0.0007 gra in  pe r  cubic foot, for  an  efficiency of 99.95 percent .  The 
open-hearth furnace and baghouse were operational in  January,  1966, but the resul ts  of 
subsequent operations a r e  unknown. 

The baghouse had 10 hoppers of 80 bags 

. 
.- 

Application of Fabr i c  F i l t e r s  to 
Elec t r ic  Furnaces  

Fabr ic  f i l t e rs  have been successful ly  applied to the control of emissions f r o m  
e lec t r ic  furnaces  ranging up to 100 and 150-net-tons capacity, and for multiple-furnace 
shops a s  well as  one-furnace shops.  (60,  61, 6 2 ~  63, 64) However, because e lec t r ic  
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TABLE VI-3. DESIGN AND OPERATING DATA FOR SINTER-PLANT 
FABRIC FILTERS ON SINTER STRAND DISCHARGE 

U. S. Steel  Corp . ,  Bethlehem Steel Corp. ,  
Design o r  Operating Variable Gary,  Indiana Bethlehem, Pa. 

Volume of A i r ,  cubic fee t  per  minute: 

Suction, inches of water :  12 n. a .  

172, 000 at  255 F 240, 000 a t  350 F 

P r e s s u r e  Drop Across  Bags,  
inches of water 4 n. a .  

Hoppers i n  Unit, number 10 16 

Bags p e r  Hopper, number 88 7 2  

Total Bags, number 880 1152 

Bag s ize:  
Diameter,  inches 
Length, fee t  

1 1 . 5  
32. 2 

12 
28 

Bag Type Fiberg lass  Fiberglass  

Bag Life,  months 17 36 

Bag Permeabili ty,  c f m  per  foot2 of cloth 12 -20  n. a 

Air-to-Cloth Ratio (Normal),  c fm per  
ft2 of cloth 2. 17 

Air-to-Cloth Ratio 
(One Compartment Cleaning), 
c fm per  ft2 of cloth 

.. . 
Air  Temperature ,  F 

2 . 4 1  

175 to  300 

2. 29 

2 . 4 4  

200 to 500 

Theoretical  Design Efficiency, percent 9 9 t  99+ 

n. a. - not available. 
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furnaces have design and operating cha rac t e r i s t i c s  that can vary f r o m  furnace to 
furnace and shop to shop, the development of pollution-control facil i t ies is not a s  
straight-forward a s  for other steelmaking operations.  One of the major  problems in 
the design of electric-furnace pollution-control sys t ems  i s  the design of methods that 
6 1 1  completely capture the fumes. 
charged, which means  the roof is  removed during charging. As a resu l t ,  the emiss ions  
generated during the charging operation a r e  difficult to capture and contain. Capture of 
fumes  by hoods :and by direct-extraction techniques during melting and refining have not 
completely solved the problems of collection and containment, and extraction of fumes  
through the plant roof h a s  been developed to control emiss ions  through the ent i re  
plant. (64 ,64 )  

The major i ty  of e l ec t r i c - a rc  furnaces are top 

Cyclone Dust Collectors 

One other type of dust cleaning equipment that has  found extensive use in  the con- 

The cyclone sepa ra t e s  par t ic les  f r o m  the gas  by means  of a centrifugal 
t ro l  of emiss ions  f r o m  ironrnaking and steelmaking operations is  the cyclone dust 
collector. 
force exer ted  on the par t ic les  in a vortex flow that dr ives  the par t ic les  toward the wal l  
of the body of the collector.  The par t ic les  at the wall move toward the discharge open- 
ing of the cyclone a s  a r e su l t  of an  axial component of the vortex flow, aided in  the 
case of cyclones used in the i ron and s tee l  industry by the force of gravity.  The magni-  
tude of the r ad ia l  fo rces  acting on the par t ic les  depends on the nature of the vortex flow 
in  the different sections of the cyclone. 
acting forces ,  and tend to offset the separating fo rces  generated in  the cyclone. 

Cyclones are suitable for collecting medium and coarse  dusts,  but a r e  not suited 
for very fine dusts or metallurgical fumes .  
moving par t s ,  there  is  a wide choice of construction mater ia l s ,  and maintenance costs 
a r e  low. 

Radial gas  velocities tend to act  a s  counter- 

Their advantages a r e  that there  a r e  no 

Power costs  can be quite high because a high degree of efficiency is  required.  

Cyclones find their  principal application a s  prec leaners  for  other types of 
emission-control equipment. Some of the applications apparently are deliberate,  while 
others occur red  in a transit ion f r o m  lower to higher collection efficiencies.  

Cyclones find application in  pelletizing plants and in limestone plants for the col-  
lection of the large-s ize  dust generated in  cer ta in  of the operations.  
they a r e  used in  s e r i e s  with dust catchers ,  wet s c rubbe r s ,  and electrostat ic  p r e -  
cipitators for  cleaning blast-furnace gas;  as prec leaners  for  e lectrostat ic  precipitators 
handling the dust and gas f r o m  a s inter-plant  wind box; and as p a r t  of the s e r i e s  of 
equipment used in  open-hearth-furnace -emiss ion  control. 
located in the l i terature  or during this study concerning the efficiencies of cyclones in 
the various i ron  and s tee l  plant operations,  or concerning any par t icular  problems t h a  - 
have arisen with their  use.  

As prec leaners ,  

No information has been 
- -  

Cost of Applied Control Equipment 

As pa r t  of the companion study for  the Division of Economic Effects Research  of 
NAPCA, es t imates  were  made of the capital  costs  and operating costs of the principal 
types of emission-control  equipment used in the integrated i ron and s tee l  industry.  
types of equipment considered were electrostat ic  precipitators,  high-energy wet 

The 
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sc rubbe r s ,  and fabric  f i l t e rs .  
estimating techniques, with cost  information supplied by cer ta in  s teel  companies and 
equipment manufac turers .  

Cost es t imates  were  based on established industrial  

F o r  the purposes  of the es t imates  made,  a control sys t em was considered to be 
made up of a l l  the i t ems  of equipment and their  auxiliaries which a r e  used solely for 
the genera l  abatement  of a tmospheric  pollution i n  the neighborhood of the s tee l  works. 
Typically this will include a collecting hood o r  gas-collecting pipe at the furnace,  
ductwork, sp ray  cooler,  dust  collector,  fan and moto r ,  and stack. Included a l so  will 
be s t ruc tu ra l  s teel ,  foundations, control ins t ruments ,  insulation, piping, water t r e a t -  
ment ,  and e l ec t r i c  power supply facilities for the en t i r e  gas-cleaning sys tem.  
a r e  those equipment i t ems  which, while they may contribute to the functioning of 
pollution-control equipment, would be used for  p rocess  o r  economic reasons  even if 
there  were no pollution-control requi rements .  F o r  example, a n  open hearth furnace is 
usually connected to a stack whose p r imary  task  is  to  supply draft  for causing gas  flow 
through the hea t  regenerative stoves. In this study, the cost  of the original stack i s  at- 
tr ibuted to the steelmaking p rocess  because the furnace cannot operate without it. 
e v e r ,  any inc rease  in  stack height, o r  other modifications necessa ry  when a i r  pollution 
equipment i s  installed,  i s  charged a s  a cost  of pollution equipment. 

Excluded 

How- 

The cost  of land occupied by pollution-control equipment has not been included. It 
i s  recognized that such land has a r e a l  value, but a sat isfactory method for  estimating 
it has  not been established. 
operations,  and working capital a lso a r e  not included. Certain portions of a control sys-  
t e m  occupy o r  utilize pa r t s  of s tee l  plant buildings and, therefore,  might be charged 
with a sha re  of genera l  building costs.  This i t em h a s  not been est imated he re .  In cal-  
culating operating costs ,  no attempt was made to allocate a portion of general  overhead 
to  control sys t ems .  

Costs associated with preparation of the s i te ,  s tar t -up 

Capital and operating costs in  the es t imates  a r e  based upon collectors whose 
efficiency can be rel ied upon to produce an  outlet dus t  loading of 0. 05 grain/scf of gas .  

The es t imates  of capital costs include faci l i t ies  for  loading the collected dust o r  
sludge into trucks f o r  transportation e l sewhere .  
assigned. Central  engineering costs, overheads, and f e e s  were  based upon a standard 
sliding scale generally used by contract engineers .  
nominal value of $5.  OO/man hour, including all welfare and fringe costs .  

No by-product values have been 

Labor cost was calculated a t  the 

It is  believed that the genera l  precision of the capital cost es t imates  is  such that 
m o s t  specific plant situations will fall  within *15 percent  of the es t imated  values.  
m o r e  s ta t is t ical  terminology, i t  might be suggested that the standard deviation is about 
+10 to 12 percent .  
unusual cost problems associated with layout, s t ruc tu re ,  power supply, e tc .  might fall 
outside these l imi t s .  Jn such cases ,  a detailed plant design and es t imate  mus t  be p r e -  
pared if accura te  capital cost data a r e  required.  
values is  influenced by many factors  which may va ry  considerably f r o m  one company 
to  another.  
ences in es t imates  of operating cost. 

In 

It is  to be expected that any specific plant location which presents  

The accuracy  of operating cost  

The selection of control equipment should not be based upon small differ-  

Operating cost es t imates  include costs  for the following i t ems :  

( 1 )  Electr ic  Power 

( 2 )  Maintenance 
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( 3 )  Depreciation 

(4) Capital Charges 

(5 )  Operating Labor .  

Electr ic  energy is  calculated at a standardized rate  of 1C pe r  kilowatt hour.  
Maintenance is taken a t  a nominal cost of 4 percent of the total  investment. Deprecia- 
tion is calculated on a straight-line method using total investment with an  expected life 
of ten yea r s .  
but these a r e  considered to be g rea t e r  than average plant experience will confirm. 
Advancing technology and rising standards give importance to the factor of technical 
obsolescence. 

Other studies of depreciation have suggested longer service life t imes,  

Capital charges  a r e  taken at  10 percent  p e r  annum. It is  believed that this will 
be reasonable in  the light of r ising in t e re s t  r a t e s  and local taxes. 

Annual calculations a r e  based on 330 operating days per yea r ,  24  hours per day. 
This gives a total of 7,  920  operating hours  pe r  y e a r .  

The es t imated  capital and operating costs are summar ized  in the f o r m  of graphs  
in  F igures  VI -17  through VI-24 .  
should be made to the companion r epor t  (A Cos t  Analyses of Ai r  Pollution Controls in 
the Integrated I ron  and Steel Industry);  especially to Appendix C of that report .  

F o r  fu r the r  details  on these es t imates ,  re fe rence  

Cost-Effectiveness of Applied Systems 

The three  principal types of equipment used t o  control i ron  oxide fumes f r o m  the 

This holds i f  the equipment has been cor rec t ly  designed and 
various p rocess  segments  in the integrated i r o n  and steel  industry can m e e t  cu r ren t  
air-quality requi rements .  
constructed and is properly maintained. 
fo rm its designed function at  a cost  that will not create  an excessive increase  in the 
cost of the finished s tee l  products. Many f ac to r s  a r e  involved in determining the 
actual cost  of air-pollution control to any given s tee l  plant. 
level of allowable emiss ions ,  power costs ,  availability of water ,  ea se  of dust  disposal,  
and possible reclamation o r  marketing of the recovered  i ron oxide dust enter  into the 
final determination of cos ts .  Est imated operating costs  for  air-pollution-control 
equipment on open-hearth furnaces,  bas ic  oxygen furnaces,  and electr ic  furnaces a r e  
i l lustrated in  Figure VI-25.  The wide range possible i n  these costs  is  quite evident. 

The particular equipment se lec ted  must p e r -  

Fac tors  such as the local 

A s  regulations governing allowable emiss ions  become s t r i c t e r ,  the costs  f o r  con- 
t rol  increase,  but not a s  a simple d i r ec t  relationship. 
case of e lectrostat ic  precipitators as shown i n  Figure VI-26.  (66) As collection ef-  
ficiencies increase  beyond 95 percent,  the c o s t  i nc reases  at a rapid rate .  
collection efficiency on the cost  of e lectrostat ic  precipi ta tors  only, a s  well a s  installed 
cost, i s  shown in  F igure  VI-27 for installations in the i ron and steel  industry.  
1968 costs.  
c r eased  requi rements  for  efficiency is the fabric  fi l ter  o r  baghouse. 

This can be i l lustrated in the 

The ef fec t  of 

Cos ts  a r e  
The one type of equipment whose costs  a r e  not drastically affected by in- 
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FIGURE VI-17. ESTIMATED INSTALLED CAPITAL COSTS (1968) O F  AIR- 
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TEMPERATURE) O F  GAS FLOW RATE 

BATTELLE MEMORIAL INSTITUTE - COLUMBUS LABORATORIES 

- I ’ I l l  “ I I I  I I 1 I I “ I 1  
Legend - - 

Electrostatic Precipitator - -- High-Energy Wet Scrubber 
-----Fabric Filter 

- 
- 
- 
- 
- 
- 
- 
- 
- BOF 

- 
- - 

/ - 
- 
- 

- 
- - 
- /’ - 
- / - 

/ - 
- 

/ - 

I 
1 
1 
1 
I 
I 
T 
I 
I 
t 
1 
1 
I 
I 
I 
I 
1 
I 
I 
1 
I 
1 - 



VI-27  

I 

I I I I 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  - COLUMBUS LABORATORIES 



VI-28  

B A T T E L L E  MEMORIAL I N S T I T U T E  - COLUMBUS LABORATORIES 

I 
I 
1 
1 
I 
1 
I 
I 
I 
1 
I 
1 
I 
I 
1 
I 
I 
I 
1 



I 
I 
I 
I 
1 
I 
1 
I 
I 
I 
I 
1 
I 
1 
I 
1: 
1 
11 
I 
I 
I 
I 

VI-29  
L 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  - COLUMBUS LABORATORIES 



VI-30 

I 
1 
I 
1, 
1 
1 
I 

E A T T E L L E  MEMORIAL I N S T I T U T E  - COLUMBUS LABORATORIES 

~ ~~~~~ 



I 
I 
I 
1 
I 
I 
I 
I 
I 
1 
I 

I 
I 
I 
I 
1 
I 
I 
I 

~I I 

VI-31  

Legend 
Electrostatic Precipitator 
Low-Energy Wet Scrubber 

/ ----- Fabric Fi l ter  
0 

0 
D Cyclone 

I .6 c v) 
c 
0 .- - - I .4 
E 
.- 

Sin ter-plant 
wind box 
at  325 F 

- 

20,000 50,000 100,000 . 200,000 400,000 800,000 

Designed Capacity, ACFM 

FIGURE V I - 2 2 .  ESTIMATED INSTALLED CAPITAL COSTS O F  AIR-POLLUTION- 
CONTROL EQUIPMENT USED IN SINTER AND PELLET PLANTS 
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FIGURE VI-24. ESTIMATED CAPITAL AND ANNUAL OPERATING COSTS FOR 
AIR-POLLUTION-CONTROL EQUIPMENT USED ON SCARFING 
MACHINES (DEPRECIATION AND CAPITAL CHARGES ARE 
NOT INCLUDED IN THE! OPERATING COSTS) 
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FIGURE VI-25. RANGE OF ESTIMATED OPERATING COSTS FOR AIR-POLLUTION-CONTROL EQUIPMENT PER NET TON OF RAW 
STEEL - OPEN-HEARTH FURNACES, BOFS. AND ELECTRIC FURNACES (TWO-FURNACE OPERATIONS) 

FIGURE VI -26. ELECTROSTATIC-PRECIPITATOR COSTS 
AS AFFECTED BY COLLECTION EFFICIENCY 

Efficiency, percent 
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FIGURE V I - 2 7 .  INSTALLED COST FOR STEEL PLANT 
ELECTROSTATIC PRECIPITATORS AS 
AFFECTED BY COLLECTION EFFICIENCY 
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Ef fec t  of Efficiency Specifications Grea te r  Than Curren t  Legal 
Requirements  on the Cost of Air-Pollution Control Equipment 

The remainder  of Section V I  is adapted f r o m  Appendix C i n  the com- 
panion r epor t ,  "Final Economic Report  on A Cost  Analysis of Air-Pollution 
Controls in  the Integrated I ron  and Steel Industry", dated May 15, 1969, 
and is a r e s u l t  of work done by the Swindell-Dressler Company, Division of 
Pullman Incorporated,  the subcontractor on the study. 

Because of the dear th  of experimental  and empi r i ca l  data on the relationship be-  
tween collection efficiency and the cost of air-pollution control equipment, r e s o r t  was 
taken to  estimation of this relationship f r o m  theoretical  considerations. The es t imates  
based  on theoretical  considerations then were  evaluated against the limited amount of 
empi r i ca l  data that could be obtained. 

I 

In many locali t ies,  c u r r e n t  legal r equ i r emen t s  specify a permiss ib le  particulate 
emis s ion  at  the stack of not m o r e  than 0 .05  gra in  p e r  d ry  standard cubic foot of gas (o r  
equivalent) exhausted to the atmosphere. Some facil i t ies have m e t  this requirement  ( o r  
even exceeded it) with even fine, submicron sized steelmaking dust by using high- 
efficiency f i l t e r s ,  s c rubbe r s ,  and precipitators.  Manufacturers  have been able to guar -  
antee this performance with their  equipment in a var ie ty  of applications. 
that  b las t - furnace  gas has  been cleaned to a s  low as 0.005 grain/DSCF'* when necessa ry  
f o r  r euse  of the gas  in high-energy bu rne r s  and fine checkerwork of the blast stoves 
(although this i s  a c o a r s e r  dust  than f r o m  steelmaking). 

Also it is  noted 

This index "0. 05" is not necessar i ly  an  ult imate measu re  of the effluent quality 
that can  be obtained. 
hea r th  furnace stack plume containing fume at such a concentration had an "acceptable" 
appearance in  many steelmaking a r e a s .  
with the maximum efficiency of electrostatic precipi ta tors  normally offered by manu- 
f a c t u r e r s  a t  that t ime for collecting this fume. However, the rap id  growth in the use  of 
oxygen lancing of steelmaking furnaces h a s  led to l a r g e r  quantities of finer fume in their 
waste  gases  today. 

It came into use in the ea r ly  196O's, on the basis  that an open 

The value "0.05" cor re la ted  approximately 

A stack plume cleaned to this level i s  not an  invisible plume. The very  fine steel-  
making fume escaping at the stack causes a l a r g e r  degree of s ca t t e r  of transmitted light 
than the l a rge r  par t ic les  previously encountered( l3) ,  and thus may be visible even in  
low concentrations. Yet, visibility of an exhaust plume p e r s i s t s  as a means  of checking 
collector per formance ,  because it involves a s imple comparison of "equivalent opacity" 
of the plume against  the Ringelmann Smoke Chart .  

Local code limitations based on Ringelmann opacity judgments may find a concen- 
t ra t ion of 0. 05 grain/DSCF of steelmaking fume unsatisfactory.  Where local codes a r e  
based  on a schedule of allowable fume emiss ion  weight p e r  ton throughput of processed  
ma te r i a l ,  the permiss ib le  fume ra te  customari ly  dec reases  for l a rge r  production equip- 
ment ,  so that above 30 to 40 tons of p rocess  weight pe r  hour,  the 0 . 0 5  level of control 
may not be adequate. 

'DSCF = dry standard cubic foot. 
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Thus, the widespread use  of 0 .05  grain/DSCF as a general  limiting level for 
emissions led to its choice a s  a basis  for calculating the size and cost  of collectors fo r  
each p rocess  in the tabulations in  Appendix D of this report .  But, in  recognition of the 
use  of more  restr ic t ive enforcement methods in some steelmaking areas, and because of 
the trend in promulgating air-quali ty c r i t e r i a  which may suppress  the emiss ion  sources  
in  an a r e a  to an increasing degree,  the following indications are drawn of the difference 
in  cost  for  fume-collecting sys tems capable of an  efficiency beyond the cur ren t ly  p rac -  
ticed o r  cur ren t ly  attainable level. 

Per formance  Equations 

The performance equations of gas c l eane r s ,  as cur ren t ly  understood and applied to 
select  the size and operating p a r a m e t e r s  f o r  a par t icular  cleaning application have this 
in  common - they a r e  of the form:  

7) = 1 - e - F ( x )  , 
where 

7) = collection efficiency 

o r  1 -7) = penetration, dust  loss ,  o r  outlet concentration as a 
fraction of the inlet concentration to the gas  cleaner.  
It corresponds to some figure like 0. 05, for example;  

0. 05 (grains/DSCF) 
inlet  conc. (grains/DSCF) 

1-7) = 

In  (1-7)) = -F(x) 
F(x) i s  a function of the size and operating p a r a m e t e r s  
of the collector.  

Fab r i c  F i l t e r s .  
shown to be of the form(67):  

The equation f o r  the per formance  of fabr ic  (bag) f i l t e rs ,  has  been 

is the t a rge t  efficiency and is  a function of a 
D Vf ' 
where 

D = fiber diameter 

g = gravitational constant 

V = velocity of g a s  at fi l ter  face 

Q flow rate  of gas 
A a r e a  normal  to flow 

= - =  = face velocity 
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f = settling velocity of par t ic le ,  a s  f r o m  Stokels Law. 

total  projected a r e a  of all f ibers  in  the f i l ter  
c r o s s  section of f i l ter  bed so = 

both normal  to the gas  flow. 

The relationship between the ta rge t  efficiency - D' and the function 2 i s  shown i n  
D Vf 

Figure VI-28. 

16 
& 
Vf 

FIGURE VI-28. RELATIONSHIP BETWEEN TARGET EFFICIENCY 

AND $ FOR FABRIC FILTERS 

Electrostat ic  Prec ip i ta tors .  The equation for  the performance of an e lec t ro-  
static precipitator takes the f o r m  of the Deutsch equat ion(l5> @):  

where 

A' = collecting surface a r e a  

k = dielectr ic  constant of par t ic les  

E = e lec t r ic  field strength 

T 
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r = particle radius 

g = gas viscosity at tempera ture .  

Wet Scrubbers.  A correlation established for wet sc rubbers  i s  a s  f u l l o ~ s ( ~ 9 ) :  

where 

PG = contacting power of gas s t r e a m  

= 0. 157 FS 

FS = p r e s s u r e  l o s s  a c r o s s  scrubber ,  in.  wa te r ,  exclusive of 
l o s s  due only to velocity changes o r  friction lo s ses  a c r o s s  
d ry  portions of the equipment 

PL = contacting power of liquid stream 

q L  = 0. 583pF - 
Q 

PF = liquid feed p r e s s u r e ,  psig 

qL = liquid feed r a t e ,  g. p. m. 

pT G = P t PL = HP/1000 CFM, based  on Q 

Q = actual gas flow at the scrubber ,  CFM 

a,y = constants for a par t icular  dust ,  re la ted to particle size 
and size distribution. 

Theoretical F a c t o r s  Affecting Per formance  

To inc rease  the efficiency of a collector,  whose performance is  describable by 
The variable this logarithmic-decay-type function, it is necessa ry  to i nc rease  F ( X ) .  

flow and equipment p a r a m e t e r s  compris ing F ( X )  for a par t icular  dust  a r e  respectively: 

D DA Bag Fi l te r  S., - = s o ,  - 
V Q 

A'E2 2 L W n E 2  2 L W  n E 2  2LE2 =- - - - 
A V P  n b W V p  bVP Precipitator - - 

QP 

where 

W = collector surface span normal  to  flow 

L = collector surface length i n  direction of flow 
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n = number of collecting ducts 

b = separation of collecting surfaces 

Scrubber FS and PF(qL/Q' )  

where 

qL/Q'  i s  the l iquid/gas ra t io  (ga1/1000 CF) .  

Effects  of P rope r t i e s  of Pa r t i c l e s  

(1)  Increasing f i n c r e a s e s  qbag filter 

where p i s  the density of par t ic le .  
So l a r g e r ,  denser  par t ic les  are collected m o r e  easi ly .  

( 2 )  Increasing r inc reases  qprecipitator. Again, l a rge r  
par t ic les  a r e  m o r e  easi ly  attracted to the collector.  
c reas ing  the dielectr ic  constant of the particulate,  and 
decreasing resis t ivi ty  by pre-conditioning via  temperature  
and humidity (or SO2 addition) i n c r e a s e s  qprecipitator. 

e ~ t a b l i s h e d ( ~ 9 ) .  

In. 

( 3 )  Increasing a o r  y inc reases  qscrubber, as can be 
Both increase  with par t ic le  size.  

Effects of Geometry of Dust Collector 

(1 )  Increasing f i l t e r  thickness o r  mat density, o r  decreasing 
air /c loth rat io  by using l a r g e r  bag su r faces  will increase  

qbag f i l ter '  

( 2 )  Increasing precipitator length i n  the flow direction, o r  de- 
creasing plate spacing o r  tube d iameter  (within limits of 
e lectr ical  stability) will i nc rease  qprecipitator. Because 
the dust loading dec reases  in  the flow direction, it is 
possible to achieve an  economy by success ive  stages of 
precipitation, each  optimized electr ical ly  f o r  maximum 
efficiency at  the respective loading it will see ,  r a the r  than 
simply extending the f i r s t - s tage  field.  

Decreasing the throat  a r e a  of a scrubber inc reases  its 
p r e s s u r e  drop and inc reases  qscrubber. 
by variable geometr ic  a r rangement  o r  by inc reased  water  
ra te .  

( 3 )  
This can be done 
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Effects of Utility P a r a m e t e r s  

A partially blinded filter will be m o r e  efficient, but at a 
cost  of higher p r e s s u r e  drop and higher fan horsepower. 

Increasing e lec t r ic  field strength inc reases  riprecipitator 
within the limits imposed by the geometry of the collector 
and dust proper t ies  with r e spec t  t o  sparking. This limit 
can be approached more  closely with safety i f  automatic 
controls a r e  used  to regulate the discharge.  Energy use  
rises. 

Venturi Scrubber.  
p r e s s u r e  in a scrubber inc reases  Vscrubber. 
gas -p res su re  drop gives improved efficiency at the cost  of 
higher fan horsepower.  

Increasing wa te r  usage o r  delivery 
Increased 

Effects of Flow 

(1) Even though an increase  i n  face velocity (2) gives a higher 

theoretical  efficiency in  the iner t ia l  effeci range, the effect 
i s  r eve r sed  i n  dealing with small pa r t i c l e s  (< lp) .  
filter with a fixed p r e s s u r e  drop and fixed cleaning routine, 
the dust buildup will dominate, so that i f  increased  loading 
blinds the filter, causing spillage and l e s s  net cleaning, then 
the following holds. Decreasing the quantity of g a s  t r ea t ed  
o r  using a l a r g e r  fi l ter  for lower face velocity inc reases  
%ag filter. 

(2)  Decreasing the amount of gas t r e a t e d  by lowering precipitator 
velocity and increasing residence t ime inc reases  7)precipitator 
if distribution of the gas i s  maintained uniform between the 
plates.  

( 3 )  Increasing the quantity of gas t r e a t e d  o r  increasing throat  
velocity i n c r e a s e s  Vscrubber by increas ing  p r e s s u r e  loss  
a c r o s s  the constriction, with an inc rease  i n  PG and fan 
horsepower.  

F o r  a 

Effect of Tempera ture  on Viscosity 

(1) Increasing tempera ture  inc reases  p gas,  dec reases  
Vbag f i l ter ,  and dec reases  ?precipitator.  

( 2 )  Increasing tempera ture  i n c r e a s e s  the quantity of gas handled, 
again lowering these efficiencies. 
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(3) Besides  altering flow and settling o r  d r i f t  velocity, t empera-  
ture  a l so  endangers  the bags, s t ruc tu res ,  and mechanisms of 
the collectors.  F i l t e r s  and dry  precipi ta tors  mus t  have an 
inlet  t empera ture  above the water  vapor (and sulfuric acid) 
dew point to avoid cor ros ion  and dust caking on the collector,  
and causing dust handling problems in  disposal conveyors. 

Tempera ture  affects the scrubber  mainly in  increasing the gas 
flow and increas ing  the saturation-water requirement .  

(4) 

Control System Cost Changes 

It i s  a property of decay functions of the aforementioned type that, a t  high eff i -  
ciency, an increasingly large change i n  the exponent i s  requi red  for a small  incremental  
i nc rease  in  efficiency. 

Electrostat ic  Precipi ta tors .  F o r  example, for  an  electrostatic precipitator,  it 
h a s  been stated that the precipitator unit size i n c r e a s e s  with respec t  to efficiency 
changes as follows(7O): 

Overall  Efficiency Outlet Loading W i t h  5. 0 Size of Precipi ta tor  
Grains/DSCF Input Loading for a Pa r t i cu la r  Dust Box and Unit Cost 

90  percent  0 . 5  X 
99 percent  0. 05 2x 
99 .9  percent  0. 005 3 x  

This tabulation excludes ductwork, water  s p r a y s ,  hood with its cooling auxiliaries,  
and s tack;  but includes the precipitator and its e l ec t r i ca l  components. 
motor  size and cost ,  for  a 1X increase  in precipi ta tor  size would be affected by an in- 
c r emen t  corresponding to an  increased  static p r e s s u r e  (S. P . )  of about 1-1 /2  inches of 
water  (the loss through Box X ) ,  with the volume remaining unchanged. 

The fan and 

F o r  a precipitator i nc remen t  of X: 

S . P .  t 1 . 5  
s. P. Horsepower increment  = x H. P. 

S . P .  t 1 . 5  
s. P. Fan-p res su re  increment  = 

fo r  the total sys tem fan. 

x s. P. 

Fan  volume unchanged. 

The effect of increasing the size of an  electrostat ic  precipitator on operating eff i -  
ciency h a s  a lso been repor ted  i n  the l i t e ra ture  f o r  an  electrostat ic  precipitator collecting 
open-hearth emiss ions .  (71) 
and size of the precipitator (as  shown by the square  feet  of collecting su r face )  is shown 
i n  F igure  "1-29. ( 7 l )  The r e su l t s  of the study have shown that removing the dust f r o m  
315,000 cubic feet  p e r  minute of open-hearth waste  g a s  requi red  58,300 square feet of 

The relationship developed between the collection efficiency 
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collecting sur face  a r e a  f o r  an efficiency of 95 percent .  
surface a r e a  to 96,500 square feet  (an increase  of 66 percent)  resul ted in an increase  in 
efficiency of only 4 .3  percent  to 99. 3 percent .  

An inc rease  in  the collecting 

- 
Collecting Surface, sq f t  

FIGURE VI-29 .  RELATIONSHIP OF ELECTROSTATIC PRECIPITATOR 
COLLECTING SURFACE TO COLLECTION E F F I -  
CIENCY FOR OPEN-HEARTH EMISSIONS 

The above var ia t ion in  size cor responds  to Deutsch's Law: 

A'f' -- 
(1-v) = e  Q 

f o r  a particulate of homogeneous s ize ,  shape, density, and composition. 

inlet  loading -R = - - , where R = the outlet loading. ' = inlet  loading I. L. 

-constant2 x length R = constant1 x e 

log R = constant3 t constant4 x length 

f o r  a given p rocess  and precipi ta tor .  

Case 1 Il lustrative of Deutsch's Law 

0.005 Box 
X 0.05 - Box 

X 0 . 5  - gra ins  Box ~ 

R: SCFD X 

$percent) :  

net  .r)(percent): 

90 

90 

90 

99 

90 

99 .9  

net size:  X 2x 3 x  
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However, r e a l  particulate va r i e s  in s ize ,  density, and susceptibility to charging 
(depending on surface and compositional var iables) ,  so that the l e a s t  collectable particles 
r ema in  a f t e r  each  t rea tment ,  lowering the efficiency of subsequent t rea tments .  (72)  
Case 2 below i l lus t ra tes  this with a r b i t r a r y  efficiencies: 

Case 2. Illustrative of Deutsch's Law 

Box BOX BOX BOX BOX + 0,006 + + 0.005 X 5/lZX 
+ 0.012 + 

X 
+ 0 . 5  * + 0 . 1  + + 0.03 + BOX 

X X X R: 5 + 

n(percen1): 90 80 IO 60 50 40 

net n (percent): 90 98 99.4 99.16 99.88 99.9 

net size X 2x 3x 4x 5x 5-5 / lZX 

A body of blast-furnace data(73) for  a number of operating furnaces a t  various 
precipitator loadings yields the following progress ion ,  which shows this t rend,  

net ?(percent): 9 0  9 5  98 99 9 9 . 5  9 9 . 9  9 9 . 9 9  

net s ize:  0 . 5 5 X  0 .86X 1 . 4 x  2x 2 .  65X 4 . 5 x  7 . 5 x  

Cost data f r o m  precipitator manufacturers  indicate a close correspondence to 
Case 1 in  variation of cost  (=  constant x length) with efficiency. 
efficiency r a the r  than outlet loading, because the precipitator i s  not adequately adjust-  
able for cleaning a higher inlet  dus t  concentration to  the same outlet level (say 0. 05 ) .  
In fac t ,  the higher loading may r each  a point where spark-over  occur s ;  so automatic 
e lectr ical  controls a r e  used  to maintain the highest collection efficiency jus t  short  of 
spark-over.  (Large  loading differences requi re  design selection of plate spacing and 
voltage optimized for the loading and dus t  p rope r t i e s  of the individual p rocess  effluent). 
The maximum guarantee is presently about 9 9 . 5  percent ,  although higher efficiencies 
(around 9 9 . 7  percent)  can be reached. 

Guarantees  a r e  made on 

The successive lowering of efficiency found with addition of identical precipi ta-  
tion units can be compensated for .  
loading, plates can be spaced m o r e  closely, and voltage optimized in  each  succeeding 
section, while avoiding spark-over.  
mine its collectability a s  a function of precipitator length. 

Because each  successive unit s e e s  a lower dust 

Still,  each  type of dust  mus t  be tested to deter-  

Tables VI-4  through VI-9 show some es t imated  cost  changes for p rocesses  cleaned 
by electrostatic precipitation t o  var ious  outlet dus t  concentrations. 
based  on the Deutsch Law. 

The variation i s  
Capital cost  changes include: 

Materials:  precipitator t fraction of e lec t r ica l .  

Labor: 

Engineering: scaled fraction ma te r i a l s  plus labor.  

Annual operating cost  changes include 0 .24  (Capital change) t f ract ion of e lectr ic  

corresponding to each  of above at standard factors .  

power fo r  precipitator and horsepower increments .  
f o r  capacity of the cleaner ,  so  that only the central  s i z e  of c leaners  is  included fo r  
p rocesses  es t imated  in  Appendix D at 0 .05  gra in  p e r  SCFD. 

Only small variations were  noted 
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TABLE VI-4. ESTIMATED COST DIFFERENCES FOR A SINTER 
PLANT ELECTROSTATIC PRECIPITATOR AS 
AFFECTED BY THE OUTPUT DUST LOADING 
FROM THE WINDBOX 

Plant  Capacity : 6,000 net tons per day 
Gas Volume : 630,000 ACFM at 325 F 
Input Dust Loading: 0 .8  gra in  per SCF(a)  

Outlet Capital Cost  Annual Operating Annual Direct  Operating 
Loading Difference (AKR) Cost  Difference (ACR) Cost  Difference (A DR) 

(R) KO. 05 , percent  co. 05’ percent  Do. 0 5 j  percent  

0. 125 - 29  - 23 - 17.5 

0 .  050 0 0 0 .0  

0,020 t 29 + 23 t 17. 5 

) -AKR -ACR -ADR 
R 

log (- 

- - - -  l o  R O .  05 
loglo (2.5) -18%-15%- 10% 

(a) 4 grains pet SCF effluent precleaned by 80 percent efficient recovery cyclones. 

TABLE VI-5. ESTIMATED COST DIFFERENCES FOR A SINTER 
PLANT ELECTROSTATIC PRECIPITATOR AS 
AFFECTED BY THE OUTPUT DUST LOADING 
FROM MATERIAL HANDLING 

Plant  Capacity : 6, 000 net tons per day 
Gas Volume : 250,000 ACFM at 135 F 
Input Dust Loading: 1 .0  gra in  per  S C F  

Outlet Capital Cos t  Annual Operating Annual Direct  Operating 
Loading Difference (A KR)  Cost  Difference (A CR) Cost  Difference (A DR) 

(R) KO. 05’ percent ‘0. 05 , percent  Do. 05, percent  

0.125 - 18 - 15 - 10 

0. 050 0 0 0 

0.020 t 18 t 15 t 10 

-ADR 
-AcR - 1 -AKR 

R 
log (- 

l o  R0.05 - 
loglo (2.5) 18% 1570 10% 
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TABLE VI-6. ESTIMATED COST DIFFERENCES FOR A BOF 
ELECTROSTATIC PRECIPITATOR AS A F -  
FECTED BY OUTPUT DUST LOADING 

Furnace Size 200 net tons 
Gas Volume : 785, 000 ACFM at 500 F 
Input Dust Loading: 4. 0 grains per S C F  

Outlet Capital Cost Annual Operating Annual Direct  Operating 
Loading Difference (AKR)  Cost  Difference (A CR) Cost Difference (ADR) 

(R) KO, 05 ’  Percent  ‘0.05 , percen t  Do, 05’ percent  

0. 125 - 9  - 10 - 11 

0. 050 0 0 0 

0.020 t 9  t 10 t 11 

) -AKR -ACR -AD, 
R 

log (- 

l o  R0.05 - - - 
loglo (2.5)  9% lo% -11% 

TABLE VI-7. ESTIMATED COST DIFFERENCES FOR AN OPEN 
HEARTH ELECTROSTATIC PRECIPITATOR AS 
AFFECTED BY OUTPUT DUST LOADING 

Furnace Size 200 net tons 
Gas Volume : 85,000 ACFM at 500 F 
Input Dust Loading: 5. 0 gra ins  per SCF 

Outlet Capital Cost Annual Operating Annual Di rec t  Operating 
Loading Difference (AKR) Cost  Difference (A CR) Cost  Difference ( A  DR) 

(R) KO. percent  co. 05’ percent  Do, 05, percent  

0. 125 - 10 

0. 050 0 

0 . 0 2 0  t 10 

- 9  
0 

t 9  

) -AKR -ACR -ADR 
R 

log (- 
l o  R0.05 - - 

loglo 12.5) 10% 9% 7 % 

- 7  

0 

t 7  
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TABLE VI-8. ESTIMATED COST DIFFERENCES FOR AN ELECTRIC 
FURNACE ELECTROSTATIC PRECIPITATOR AS 
AFFECTED B Y  OUTPUT DUST LOADING 

Furnace  Size 150 ne t  tons(a)  
Gas Volume : 185,000 ACFM at 500 F ( b )  
Input Dust Loading: 3 .  0 grains  p e r  SCF 

Outlet Capital Cost Annual Operating Annual Di rec t  Operating 
Loading Difference (AKR) Cost  Difference (A CR) Cos t  Difference (ADR) 

( R) KO. percent  ‘0.05 , percent  Do. 05’ percent  

0. 125 - 10 - 10 - 9  

0 .  050 0 0 0 

0 . 0 2 0  -t 10 t 10 t 9  

(a)  Two -furnace system. 
(b) Assumes humidification of process fume is capable of maintaining particle resistivity in satisfactory collection 

range. 

TABLE VI-9.  .ESTIMATED COST DIFFERENCES FOR A SCARFING 
MACHINE ELECTROSTATIC PRECIPITATOR AS 
AFFECTED B Y  OUTPUT DUST LOADING 

Gas  Volume : 100,000 ACFM at 100 F 
Input Dust Loading: 1 .0  grain p e r  SCF 

~~ 

Outlet Capital Cost  Annual Operating Annual Di rec t  Operating 
Loading Difference (AK,) Cost  Difference (AC,) Cost  Difference (ADR) 

, percent  Do. 05, Percent  ( R) KO. 05’ percent  ‘0. 05 

0 .  125 - 19 - 18 - 17 

0.050 0 0 0 

0 . 0 2 0  t 19 + 18 t 17 

R 
loglo  (- R.05)  -AK, -ACR -AD, 

-- - 
log10 (2 .5 )  - 19% - 18% 17% 
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Wet Scrubbers .  In the case  of the venturi  sc rubber ,  it h a s  been stated that the 
following r e l a t e s  capital cos t  to efficiency(70): 

Overall  Efficiency f o r  a Given 
Dust at Inlet Load of 

Inlet Grain/DSCF, percent Outlet Loading Capital 
1 . 0  3 . 8  5 . 0  10 Grainsf DSCF c o s t  - - - - 

90 97.4 98 99 0.10 X 

96. 2 99 99.24 99.62 0.038 I .  43X 

The operating expenses  va ry  s imilar ly  f o r  a venturi  scrubber  a s  efficiency is in- 
c r eased .  This is  shown i n  F igure  VI-30(48) for an  open-hearth application where a de- 
c r e a s e  i n  outlet loading f r o m  0 .  1 to 0 .  01 gra in /SCFD resu l t s  in  m o r e  than doubling the 
annual operating cost  of the fan.  F o r  a given size adjustable venturi ,  the increased  
efficiency r equ i r e s  an  inc rease  in available horsepower to the fan and selection of a 
higher p r e s s u r e  fan. 
drop. 

Operating power consumption increased  directly with the p r e s s u r e  

5 0.10 
-+ 0.08 

m u  c .- .- n 0.06 
V I  
o u  3?2 0.04 
- 0  
2: 

2 0.02 
E %  = >  
0 .- c 0.01 

I L  

F 0.008 
26 28 30 32 34 36 38 40 

Pressure Drop, inches of water 

Fan Operating Cost (1960), 
thousands of dollars per year 

0, 

P I I 

35 45 55 65 75 

FIGURE VI-30. RELATIONSHIP OF OUTPUT DUST LOADING TO PRESSURE 
DROP AND FAN OPERATING COST FOR A VENTURI 
SCRUBBER OPERATING ON AN OPEN-HEARTH 
FURNACE(48) 

The above venturi-cleaned open-hearth application involves oxygen lancing during 
the periods noted on the upper  curve.  Dust loading was low (0.82 to 0.87 grainfSCFD 
during oxygen per iods,  and 0 .35  to 0.45 gra infSCFD during the charging, melting and 
hot-metal  addition pe r iods ) .  
SCFD loading f o r  today's oxygen-lanced furnaces,  it yields the following correlation: 

When these data a r e  co r rec t ed  to a typical peak of 5 grains/  
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grains  R,  outlet loading (&) A P ,  venturi p r e s s u r e  drop (in. w. ) 

0. 125 
0. 05 
0.  02 

34 .7  
4 1 . 0  
48. 2 

However, the contacting power ~ o n c e p t ( ~ 9 )  h a s  been applied f o r  the regress ion  line 
of a plot of nonlanced o en  hea r th  gas-cleaning efficiency ve r sus  p r e s s u r e  drop at var ious  
operation  condition.^(^^^. This gives f o r  a peak 5 grains/SCFD inlet  loading: 

R (grains/SCFD) A P  (in. w . )  

0. 125 44 
0. 05 78 
0.02 136 

- 0 .  62 A %  R 
05 = (0.05) 

The numerical ly  higher exponent s e e m s  m o r e  in line with r e su l t s  f r o m  other steelmaking 
fume. 

Blast-furnace data give the following(46): 

R, outlet loading (?$I;) A P ,  venturi  p r e s s u r e  drop (in. w. ) 

0. 125 
0. 05 
0.02 

1 5 . 8  
23. 0 
33 .2  

-0.403 A P R  

05 

Data fo r  an e lec t r ic  furnace making 20 percent  ferrosi l icon s h o ~ ( ~ 6 ) :  

-1 .53  APR 
05 = (5%) 

F o r  the typical sc rap-charged  e l e c t r i c - a r c  furnace,  wet scrubbing applications a r e  
s p a r s e ,  and data a r e  not available for  a scrubbing power -efficiency correlation. 

Venturi gas cleaning data on the basic oxygen furnace have been developed as 
follows(74): 
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R ,  outlet loading A P ,  venturi  p r e s s u r e  drop (in.  w. ) 

0. 125 27 
0. 05 41 
0.  02 60 

giving A 05 

1 
I 
I 
I 
I 

Data f r o m  a pilot-size conventional venturi sc rubber  applied to clean scarf ing-  
machine effluent have been published a s  follows(75): 

R ,  outlet loading 

0. 125 
0. 05 
0. 02  

A P ,  venturi  p r e s s u r e  drop (in.  w . )  

34 
60 

108 

Tables VI-10 through VI-12 give some es t imated  cos t  differences for p rocesses  
cleaned by wet sc rubbers  of the high-energy types.  
ceding scrubber -application data. 

The variation is  based on the p r e -  
Capital cost  changes include: 

Materials:  Fan  and motor  t fraction of e lectr ical .  The venturi  
itself i s  assumed adjustable and of sufficient strength 
f o r  the higher p r e s s u r e  difference a c r o s s  its walls. 
Water r a t e s  a r e  unchanged. 

Corresponds to each of above a t  standard factors .  Labor: 

Engineering: Scaled fraction of ma te r i a l s  p lus  labor.  

I 
I 
I 
I 
I 
I 
I 

Annual operating cos t  changes include 0. 24 (capital change) plus e lectr ic  power fo r  1 
horsepower increments .  

An empir ica l  relationship i s  indicated as follows: I 
-0.417 

- -  

I 
I 

- l I  

A DR A pR-A ‘0. 05 - Ap0.05  [ “R ] 41[( R ) -1 = _ -  
60-41 19 05 19 0.05 

- 
A K R  A C R  

_ - = - =  
5 .5% 9% 12% 

-0 .417  =I$&) 
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TABLE VI-10 .  ESTIMATED COST DIFFERENCES FOR A BOF WET SCRUBBER 
AS AFFECTED BY OUTPUT DUST LOADING 

Furnace  Size Z O O  net tons(a) 
Gas Volume : 440,000 ACFM at 180 F 
Input Dust Loading: 4 .0  grains  pe r  SCF 

Annual Direct  
Annual Operating Operating Cos t  

Outlet Venturi P r e s s u r e  Capital Cos t  Cost Difference Difference 
Loading Drop ( A P ) ,  Difference (AKR) (ACR) GO. 05, (ADR) DO. 05, 

(R)  inches of water KO. 05, percent  percent  percent  

0. 125 27. 5 

0. 050 41. 0 

0 .020  60. 0 

- 4.0 
0. 0 

+ 5.5 

- 6  

0 

t 9  

- 8  

0 

t 12 

( a )  One furnace system. 

TABLE VI-1  1. ESTIMATED COST DIFFERENCES FOR AN OPEN-HEARTH WET 
SCRUBBER AS AFFECTED BY OUTPUT DUST LOADING 

Furnace  Size Z O O  net  tons(a) 
Gas Volume : 90,000 ACFM at 180 F 
Input Dust Loading: 5. 0 gra ins  pe r  SCF 

Annual Direct  
Annual Operating Operating C o s t  

Outlet Venturi  P r e s s u r e  Capital Cos t  Cost Difference Difference 
Loading Drop ( A P ) ,  Difference (AKR) (ACR)  c O .  05, (ADR) D O .  05, 

(R)  inches of water  KO. 05, percen t  percent  percent  

0. 20 32. 6 

0 .10  50. 2 

0. 05 78. 0 

- 11 .0  

- 6. 5 

0. 0 

- 1 5 . 5  - 19. 5 

- 9 . 0  - 12 .0  

0 . 0  0. 0 

AKR ACR ADR A P R - A P o , 0 5  - 0 .  62 

-6. 570- -9% -12% 50.2-78 
- - - - - = - =  

0. 05 

(a) One-furnace system. 
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TABLE VI-12. ESTIMATED COST DIFFERENCES FOR A SCARFING MACHINE 
WET SCRUBBER AS AFFECTED BY OUTPUT DUST 
LOADING 

Gas Volume : 100,000 ACFM a t  100 F 
Input Dust Loading: 1. 0 g ra in  pe r  SCF 

Annual Direct 
Annual Operating Operating Cost 

Outlet Venturi P r e s s u r e  Capital Cost Cost Difference Difference 

(R 1 inches of water  K O .  05, percent percent  percent 
( A c R )  CO. 05, DO. 0 5 ,  Loading Drop ( A P )  Difference ( A K R )  

0.083 4 4 . 3  

0.  050 61. 0 

0 .  030 81. 5 

- 9  

0 

t 11 

- 17 

0 

t 21 

- 23 

0 

t 28 

-0 .631  
OKR ACR ADR A P R - A P o , 0 5  05 

81 .5-61  

Doubling the venturi p r e s s u r e  drop would cause a 2 5 . 9  percent  increase  in d i r ec t  
operating costs .  Venturi loss of 41 in. w. is  85 pe rcen t  of sys t em los s ,  which accounts 
for 40 percent  of total horsepower (including an unchanged water  pumping and t rea tment  
sys tem)  in this case.  Power cost  i s  about 72 percent  of direct  operating costs .  

F a b r i c  Fil tration. F o r  an acceptable constant dust penetration through a f ab r i c  
f i l t e r ,  the face velocity o r  a i r  volume-to-cloth area rat io  mus t  decrease  with decreasing 
particle size and density o r  with increased  inlet  loading. F o r  a lower allowable pene t ra -  
tion, the face velocity would similarly decrease .  Thus, a m o r e  difficult o r  more  thori  
thorough cleaning job would involve increased  cost  to provide m o r e  fi l ter  surface a rea .  
This is  exemplified in  the ex t reme case  of a r e v e r s e  jet-cleaned filter where face ve- 
locit ies a r e  the highest  encountered. Nomograms that can be used  to es t imate  the size 
of r e v e r s e  je t  f i l t e rs  a r e  shown in  Figure VI-31 and VI-32. (76) 
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I 
I 
I 

FIGURE VI-3 1 ,  NOMOGRAM FOR ESTIMATING THE FILTER RATIO OF A 
REVERSE-JET FILTER 
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i 

l.m 4 . m  JJ 

t-.ml'"-- - I I This chart provides a conven. 

I 

1 
< -  I 

1 

ient and accurate means for 
sclccting the applicable size or 

- sizes of Aeroturn Dust Col- 
lectors when Filter Ratio and 
required Air Cleaning Capacity 

- - - I 
:=-jkTrI I 

2 ;"Im -1.m . b--H .. .. 
-33m 

11 Draw a linc from the re- 
quired Capacity through the 
applicable Filter Ratio to in- 
tersect the Filler Area scalc. e :  32.10 . .. 

2 
$ -,,em 

section. draw a horimntnl line 
through blocks tlcsigniilinc 
Filter Size sclcctions for #IC- 
sircd Capacity. 

- 
I 

- 2 w  

,.,m 

9'""H 21 From this point of inter- 

31 If horizontal line p;isses 
through more than anc Filter 
Size. first size interscctcd will 
be most economical. Suhse- 

I 
I 

quent selections will be less 
economical. 

4 )  For capacities larger than 
shown: Use Ji the required en- 
pacify in the above p~occrlurc. 
Filter Size thus selcctcd must 

64.10 be doubled for full capacity. U l.400 

FIGURE VI-32. NOMOGRAM FOR ESTIMATING THE SIZE O F  A 
REVERSE-JET FILTER 

A r e v e r s e - j e t  cleaned fabr ic  f i l t e r  calculated f r o m  the nomograms shown in  
F igu res  VI-31 and VI-32 f o r  dust  having 70 percent  of i t s  weight l e s s  than 10 microns  
in  s ize  and a specif ic  gravity above 2. 0 yields the following information on sizing of the 
f i l ter :  

Efficiency Required f o r  
Inlet Dust Loading, 0. 05 Grain/DSCF F i l t e r  Ratio, Q/A F i l t e r  

grains/DSCF Outlet, percent  cfm/ sq f t  Area  

5 99 16 .4  X 
10 99 .5  13 .7  1 . 2 x  
20 99 .75  9.  6 1 . 7 x  
25 99. 8 7 . 6  2.  1 x  

The effective f i l ter ing body is  the dust  cake layer  on the bags.  This does not a t  
th i s  time s e e m  amenable to  t rea tment  which will improve eff ic iency.  
when new, and to a l e s s e r  extent when cleaned, holds little dust  cake so that the fabr ic ,  

However, the bag, 
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with its small ,  dust-laden f ibers  is the bas i c  fi l ter  until the fi l ter  cake layer r e fo rms .  
AS the smal l  f ibers  break  in  service,  the bag lo ses  fi l tration capability. Additionally, 
the lower flow resis tance of a cleaned bag p a s s e s  a g rea t e r  volume of air at reduced 
cleaning efficiency than when it i s  dust-coated: but at a higher velocity, which improves  
the collectability of l a r g e r  par t ic les  and worsens  the diffusional efficiency dominating 
small-particle collection. 

An adequately designed baghouse will have a bag-cleaning cycle suited to the inlet 
dust loading f r o m  the p rocess  to which it i s  applied. 
adjustable, so  that the fi l ter  maintains the same average (time -wise) efficiency with 
variations in inlet  dust loading and gas volume. 
the collected dust causes  the p r e s s u r e  drop through the fi l ter  to r each  a set-point 
p re s su re .  

This cycle is  often automatically 

The bag-cleaning period will begin when 

In addition, the fabr ic  weave and ma te r i a l  a r e  chosen with the special  charac te r  
Economic f ac to r s  of the p rocess  effluent in  mind (such a s  par t ic le  size distribution). 

(bag life and initial cost  differences) a lso e n t e r  this choice, but increased  efficiency can 
be achieved only by choosing f r o m  a group of fabr ics  which will give cleaning to the p ro -  
jected requi red  level. 
bag f i l t e r s  frequently give the highest efficiencies of the applicable cleaning devices con- 
sidered for a p rocess .  
potential except a s  r e s e a r c h  may reveal new ma te r i a l s  and weaves. 

P r e s e n t  practice usually gives efficiencies of 99 percent  +, and 

Therefore,  this selective optimization does not offer much 

A s  a case  in point, a p rocess  having a generally large particulate may be ade-  
quately cleaned by a cer ta in  bag to 0 .05  grain/SCFD. If lower outlet loading i s  required,  
a suitable bag which gives s imilar  r e su l t s  on a p r o c e s s  with finer effluent may be sub- 
stituted. The overall  cost  may o r  may not be l a r g e r .  The choices a r e  presently l imited 
by limited t e s t  r e su l t s  on filtration p rope r t i e s  of fabr ics ,  and s ta te-of- the-ar t  in fabric 
technology with r ega rd  to dust abrasion, f lexural durability, and chemical  and tempera-  
ture  res is tance.  
prove to be significant. 

Electrostat ic  interactions of var ious  fabrics  with dust par t ic les  may 

No c l ea r  correlat ion h a s  been advanced relating efficiency to operating pa rame te r s .  
However: 

A higher p r e s s u r e  drop may be expected to increase  fi l tration action at 
the cost  of additional power, but the t r end  of such variation is  not 
known. 

A higher fi l ter-face velocity (higher a i r l c lo th  rat io)  theoretically 
yields a higher efficiency of collection for par t ic les  large enough to 
be governed by iner t ia l  laws,  but these are ordinarily cleaned to 
near ly  100 percent  efficiency, so  the f i l t e r  size is governed by 
loading. 
diffusional impulses ,  and efficiency h e r e  would inc rease  with r e -  
sidence time (lower face velocity, lower a i r / c lo th  rat io ,  thicker 
f i l t e r  media) .  The relative effects of these coacting collection 
mechanisms i s  not sufficiently understood at present  f o r  u s e  in  
pract ical  design. 

The smal l  par t ic les  which escape  collection migra te  under 
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These foregoing factors  a r e  insufficiently defined at p re sen t  for a useful definition 
of the e f fec t  on costs  of changed efficiency requi rements  of f ab r i c  f i l ters .  

Conclusions 

A situation of diminishing r e tu rns  i s  indicated by performance equations of the 
exponential type. In many c a s e s  a 0.05 gra in /SCFD outlet concentration becomes a 
pract ical  maximum level for improving efficiency, even though it is by no means  an 
absolute limit. 

The s ta te  of the art, then, allows the gas-c leaner  manufacturer  to predict  p e r -  
formance ,  design a collector,  and guarantee it with some confidence up to about 0 .05  
grain/SCFD outlet loading for par t ic les  g r e a t e r  than 2 microns  in  size. 
levels ,  his experience is  limited. 
qu i red  for fur ther  small inc rease  s in  efficiency would magnify the uncertainties known 
to  exis t  in  these simplified exponential relations with their empir ica l  constants. 

At  lower output 
The large change in  size or  operating p a r a m e t e r s  r e -  

Measurement  techniques used to determine dus t  loading in  the ducted s t r e a m  be-  
f o r e  and af te r  the collector leave much to be desired,  especially where small concentra- 
tions and even smal le r  changes in  concentration are to be used  as evidence of guaranteed 
performance.  
the use  of monitored data (light scattering o r  t ransmiss ion ,  for example) difficult to 
in te rpre t ,  o r  the equipment difficult to cal ibrate ,  for  all the variations in dust composi- 
tion, s ize ,  gas  flow ra te ,  e tc .  caused by p rocess  changes during a hea t  cycle, o r  f r o m  
hea t  to heat. Isokinetic sampling (sampling at stream velocity) with t ravers ing  probes  
involves much averaging (in t ime and space) with calculation and readjustment  continuing 
during the t r ave r se .  This i s  costly and of questionable accuracy. Null p robes ,  too, 
operate with a significant degree of e r r o r  in trying to balance small p r e s s u r e  differences. 
Neither approach to isokineticity can give a t ime h is tory  of emiss ion  ra te  during the 
course  of a rapidly changing hea t  cycle because only two o r  three t r a v e r s e s  can be run  
at bes t  in  an hour.  
be monitored continuously and used  a s  input to sampling-rate determinations during the 
course of a sampling tes t .  
a s  grains of dust p e r  d ry  standard cubic foot of c a r r i e r  gas .  

F r o m  such quantitative data as can  be obtained, control equipment is  designed 

The guarantee is  proven (or indicated) by standard sampling tes t s ,  and 

Lack of homogeneity of mos t  dusts f r o m  i ron  and s teel  p rocesses  make 

Gas density (composition and s ta te)  and moisture  content data should 

Deviations h e r e  can  ser ious ly  affect the loading measu red  

(often with a costly excess  performance f ac to r  built in )  and guaranteed somewhat con- 
servatively. 
no assurance  is  given that any par t icular  level of Ringleman c h a r t  g reyness  will not be 
exceeded. 
sively; and agreement  is  needed to correlate  design and enforcement  bases  of 
measurement .  

Research  is  needed to  find a method to  measu re  dust concentrations inexpen- 

Very fine particulate m a t t e r ,  because of greatly extended surface a r e a ,  causes  a 
much greater  scattering of light, even in smal l  concentration, A Ringelmann compar i -  
son should thus in some way account f o r  the na ture  of the emiss ion  being sampled. If 
this correlation can be made ,  then this economical method of testing might be used  to 
obtain adequate design data. 

In the case  of ve ry  fine steelmaking dusts f r o m  open hear th ,  e lec t r ic  a r c ,  and 
bas ic  oxygen furnaces;  the collector per formance  is  difficult to  predict  because of the 
following: 
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t, i . *  
( 1 )  The par t ic le-s ize  distribution is  difficult to quantify with present  

methods f o r  sampled dust, and the correlat ion of these data to 
"in situ" dust in  the furnace effluent gas  i s  in  doubt. (Large  dis- 
crepancies in  repor ted  BOF dus t  sizing a r e  a case  in point. ) The 
smal le r  the s ize ,  the g rea t e r  the difficulty. 

Agglomerative proper t ies  of the dust a r e  not well established and 
the e f fec t  of this on sampled dust sizing and on collection mechanisms 
in the g a s  c leaners  i s  not well understood. 

The mechanism of collection upon which the performance equations 
a r e  based ( iner t ia l  and electrostat ic  fo rces )  tend toward zero  ef- 
ficiency in  the size range of the bulk of steelmaking dusts (<2 
microns ) ,  where molecular interact ions dominate the motion of 
par t ic les .  

( 2 )  

(3) 

Any attractive interactions o r  agglomerative tendency would be beneficial to par t ic le  
collection on a clean collecting element,  but joining of par t ic les  into l a r g e r  interadhesive 
m a s s e s  would tend to blind a f i l ter  matrix (lessening gas  handling capacity), o r  to in te r -  
rupt  e lectrostat ic  precipitator field propagation about the wi re s  and plates ,  and make the 
collector surface difficult to clean and the dus t  h a r d  to handle. This in some c a s e s  
necessi ta tes  close control of tempera ture  and humidity. 

F o r  low-velocity collectors (inherently l a rge  and thus economically inefficient f o r  
large-par t ic le  collection), a diffusional mechanism can give significantly high collecting 
efficiencies.  (The e f fec t  is  greatest ,  in  theory,  near  zero-micron  size,  and dec reases  
with increasing particle size.  ) A middle ground exis ts  around 0 .9  micron  in a bag 
f i l t e r  where minimum efficiency can be a s  low as 10 percent;  exactly in  the center of 
concentration of some 70 percent  of steelmaking dust. 
particle size relationship i n  F igure  VI-33. Reference should also be made to F i g -  
u r e  VI-35 f o r  a fabr ic  f i l t e r ,  and to F igure  VI-38 fo r  an electrostat ic  precipitator,  where 
this  e f fec t  a l so  seems  to be indicated. 

This i s  shown in  an efficiency- 

FIGURE VI-33. RELATIONSHIP OF PARTICLE SIZE TO COLLECTION 
EFFICIENCY FOR A FABRIC FILTER(78)  

Fur the r  r e s e a r c h  is needed to: 

(1) Develop techniques for reliable particle-size-distribution data 
representing the dust as it exis ts  in the effluent g a s  

Determine the extent of agglomerative effects and their  effect 
in  gas  cleaning and effluent sampling mechanisms 

( 2 )  
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( 3 )  Utilize the diffusion mechanism for sma l l  par t ic les  in an 
optimum way while retaining economical and efficient iner t ia l  
mechanisms for large-par t ic le  collection. 
efficiency between the size ranges  where diffusion and iner t ia  
a r e  effective cannot be narrowed by this development, then 
another tack a t  development mus t  investigate other gas-solid 
interaction phenomena f o r  possible use  i n  gas  cleaning. 
Par t ic le- interact ion effects  may be impor tan t  he re .  ) 

Develop economical methods to measu re  dust concentrations. 
(Methods should be adequate f o r  design purposes  and well 
cor re la ted  to methods used  fo r  obtaining enforcement data. ) 

(If the valley of low 

(4) 

In view of the foregoing difficulties, it is concluded that changes in  legally requi red  
efficiency levels  (to outlet loadings below about 0. 05 grain/DSCF) would at this t ime have 
to be based on questionable design measurement  and theory (whose extension into this 
range is a l so  questionable. ) The cost  of such changes, a s  indicated by p resen t  under -  
standing of the mechanisms of collection with proven equipment, would become in-  
creasingly g r e a t  f o r  collection efficiency changes of ve ry  smal l  magnitude i. e . ,  changes 
which can only be measu red  with an e r r o r  of the same  o rde r  a s  the change sought. 

Technological F a c t o r s  Affecting G a s  -Cleaner  Per formance  
(Adapted F r o m  Swindell-Dressler Report  Given in  Appendix C in 

Companion Fina l  Economic Repor t  on Cost Analyses) 

The p rocesses  i n  the i r o n  and steel  industry can and do depar t  f r o m  design capacity 
and design operating conditions for a number of r easons  that include the following: 

(1)  Economic p r e s s u r e s  dictate the continued inc rease  in productivity 
of an installed furnace.  

Technological improvements  make possible significant i nc reases  
i n  productivity (such a s  the introduction of oxygen blowing to open 
hear th  and electr ic  furnace steelmaking) of a new o r  existing 
facility . 
Batch handling of special heats ,  o r  runs  of varying s i zes  and 
t rea tments .  

(4) Slack m a r k e t  conditions may requi re  cutbacks in  output. 

Changes i n  ra te  of production cause effluent quantities to inc rease  o r  to diminish 

(2)  

( 3 )  

both in g a s  volume and loading. 
vary  with these conditions, as well a s  with the weather ,  gas-utilization p rogram,  r aw 
m a t e r i a l  charge,  e tc .  Also, noncontinuous o r  batch-type metallurgical p rocesses  vary  
during the course  of a hea t  in  both quantity and condition to the effluent. 

Operating conditions i n  the gas-cleaning sys tem can 

To maintain satisfactory gas-cleaning per formance  under  these conditions, i t  is  
necessa ry  to have anticipated these f ac to r s  in designing the pollution-abatement sys tem,  
r a the r  than specifying for average conditions, Maximum capacity should be anticipated, 

8 A T T E L L E  MEMORIAL I N S T I T U T E  - COLUMBUS L A E O R A T O R I E S  

I 
1 
I 
1 
I 
I 
I 
I 
1 
1 
1 
I 
1 
1 
1 
1 
1 
I 
1 
1 
1 



VI-59 

or  adaptation to additional capacity provided. 
optimize performance over a range of operations.  

Adjustable equipment can often be used to 

Provision should be made a l so  in  the init ial  installation to  m e e t  (or  to add and 
adapt equipment to meet )  expected future requirements  of the pollution-control codes 
both a s  to dust content of effluent and t rea tment  of objectional gas and solid chemicals 
in  the effluent.  

Assuming proper  design and selection of equipment, any variation o r  variabil i ty i n  
the process ,  control equipment, o r  performance would generally require  an added cost. 
Any unique feature  of a par t icular  gas-cleaning application (particle s ize ,  dust loading, 
corrosion, e tc .  ) would generally require  a departure  f rom a sys tem designed for the 
general case .  

The following exerpt  f r o m  the Bri t ish l i t e ra ture  in  1963 summar izes  the p e r f o r m -  
ance factors  required for  effective particulate removal(74):  

I 
I 
I 
I 
I 
I 
1 
I 
I 
I 

I 
1 
I 

I 
I 
I 

"The Clean Air Act and the increasingly wide use of oxygen in  both the classical and the re- 
cently developed tap-blown converter processes have combined lo create an urgent need for 
highly efficient cleaning of high-temperature effluent gases containing submicron iron oxide 
fume to the visibility threshold of 0.05 grains per cubic foot. In order to satisfy this need, 
manufacturers of gas cleaning equipment had first to find how collectors which had already 
been well proved in other fields could b e  adapted to applications of which they had had no 
previous experience. This entailed not only the establishment of the empirical design pa -  
rameters concerned with efficiency, but alsn a very close consideration of the ability of each 
type of collector to cope with unavoidable variations in gas volume, temperature, hu -  
midity, solids concentration. etc. 

The flexibility of any given type of collector (i. e. its ability to operate efficiently 
without breakdown over a wide range of conditions) is much more important in practice 
than its theoretical efficiency at wnstant flow-rate and temperature, e tc . ,  and the best 
unit for any given application will often not b e  the one which a comparison of efficiency 
and cost based OD idealized operating conditions would indicate. 

Every manufacturer who can offer a complete range of equipment must weigh very 
many factors before finally offering one particular type of collector. He may be handicapped, 
particularly in the case of a completely new installation, by a shortage of basic procen data, 
but he can usually arrive at a fairly accurate assessment of the relative strengths and weak- 
nesses of the possible units. 

Although the size distribution and shape of dust or fume particles are  of course the 
factors which determine the fundamental suitability or otherwise of any given design of col- 
lector for a particular application, other characteristics of the solids, the carrier gas, and 
the process itself must b e  also carefully considered and their effect on the collection device 
evaluated before a final Selection is made. 

The agglomerating propensities of the solid particles are  important because they de -  
termine the size distribution of the particles presented to the collector. 
agglomeration into clusters or chains of particles will have proceeded, and hence what the 
effective particle size will be immediately before the process of final collection is begun, 
cannot be accurately predicted, and in practice allowance is made for i t  ic the empirical 
design constants used by equipment manufacturers. Agglomeration after collection affecc; 
the caking properties of dry material, making i t  more easily released from filter fabrics, 
less liable to re-entrainment during precipitator rapping, and more easily settled from 
liquid effluent. 

The extent to which 
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The electrical resistivity of the material to be collected is of the utmost importance 
if a dry precipitator i s  to b e  used. 

If h e  collected material is not free-flowing when dry it may create dust handling 
problems. Hygoscopic dust wil l  give rise to similar difficulties in  'dry' collectors. unless 
humidity and the temperature of solids and gas can be maintained at safe levels by control 
of &e process. lagging, external heating, warm air purging, or by a combination of these. 

For the collection of dusts which are corrosive when wet the obvious choice is a dry 
type of unit. unless there is a risk of condensation. 
which comes from the ptocess itself, or has been added for cooling or conditioning them, 
and sudden temperature surges are likely, elaborate precautions against condensation may be 
needed, and a more compact wet unit constructed from corrosion-resistant materials may be 
mote economical as well as more reliable. 

If the waste gases contain water vapour 

The physical and chemical characteristics of the carrier gas must also be carefully 
considered when a collector is being chosen. The effect of variations in gas temperature 
and humidity, in particular, must be carefully investigated especially if ,  as is almost always 
the case, they accompany or cause changes in gas volume and dust characteristics during 
and after collection. These factors are affected by the method of hooding, cooling, and 
volume and temperature control. but no matter how carefully these are  engineered the char- 
acteristics of the process may still cause the collector t o  b e  subjected to conditions which 
are far from ideal and impair its operation either directly by affecting the collection pro- 
cess, or indirectly by hindering dust discharge or causing structural damage. Collectors of 
different t y p s  are more or less susceptible to different non-ideal conditions, as shown in 
Table 1. The table is only intended to indicate some of the fundamental strengths and weak- 
nesses of high -efficiency dedusters in relation to fluctuating operating conditions of one sort 
or another, and is not intended to be a comprehensive summary: it does, however, demon- 
strate the importance of factors which have nothing to do with the properties of particles. " 

1 
1 
I 
1 
I 
I 

' I  
1 
I 
1 

Additionally, f r o m  the same l i terature  source(79) ,  the following Table 1 indicates I 
I 
I 
1 
I 
I 
1 
I 
1 
1 

operating conditions which affect the dust-collector efficiency at a peak level of equip- 
men t  maintenance, and factors  which requi re  r egu la r  attention (cleaning the collector 
surface adequately to  match  dust loading, t empera tu re  control in  d ry  collectors to mini-  
mize  mois ture  and hea t  deterioration and maximize dust removal  and handling prop-  
e r t i e s )  to in su re  peak efficiency throughout the life of the equipment. 

The effect of operating conditions on the effective performance of the gas-cleaning 
function, the effect of those conditions which cause  maintenance difficulties and shorten 
se rv ice  l ife,  and the effect of those conditions peculiar to a par t icular  furnace type of 
p r o c e s s  on the design and selection of gas cleaning equipment a r e  bes t  judged in  the light 
of operating and design experience.  
cleaning for three i ron  and s teel  industry p r o c e s s e s  which p resen t  difficult p roblems of 
equipment selection, per formance ,  and maintainability. These discussions were  chosen 
f o r  their  concise and comprehensive consideration f r o m  an application point of view of 
the c r i t i ca l  factors  of equipment use. While they center  on Brit ish pract ice  (where raw 
m a t e r i a l s ,  p rocesses ,  codes,  etc. have some var iance  f r o m  general  American pract ice) ,  
the discussion of each factor remains  pertinent (with perhaps  some difference in  degree) 
to a consideration of a corresponding American plant. After considering all  the condi- 
t ions existing on a par t icular  job of equipment application, an engineer may find that the 
par t icular  situation with which he is  dealing i s  somewhat m o r e  difficult o r  l e s s  difficult 
than implied in  the following quotations. 

The following quotations a r e  discussions of emiss ion  
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Irrigated precipitator Scrubber Dry phte precipitator Fabric filter 

Temperature Normally up to 650°F Normal maximum Normally below 2W'F 
with standard consmc- temperature depends on with prcsaturation. 
tion but momentary Surges can bc prevented 
peaks of 1000°F CM if marimum w t e r  rate 
be tolerated. Tempera- synthetics, 640°F vvith always used in sa tur~t~ i .  
lure must be selected 
to s u i t  elccvical 
characterirtin of dust. bag-life dispropor- 

fibre used. Up IO ssy 
275°F with organic 

fibreglass. Higher peaks 
tolerablc but reduce 

tiomrely. 
Humidity Insufficient moisture Operation below dew- Efficiency unflected by 

may lower efficiency point leads IO bag- changes in humidity, 
by increasing dust cleaning troubles. providing gas mmains 
resistivity. High Chcmical and physical near saturation. 
humidity with Low 
tcmperaturc may cause 
condensation, passiblc 
comion ,  insulator 
and plate clcaning and 
dust dirparal diRi- 
culties. Accurate 
control of spray 

dmagc to fabric likely. 
Dust disposal diniculticr. 

mo!ing csscnrial. 
Flowratc Efficiency increased Efficiency little affected Water-rate and/or threat Etficicncy in-cd by 

if flowrate reduced, by flowrate. Pressure area must bc adjusted to operation PI lower 
although gas distribu- dmp reduced as volume compensate for changes flowratca. 
tion may deteriorate. falls. in inlct volume. 

Altcmatively volume 
may be kept constant 
by dr-addition. 

corrosive Corrosion can be Special marerials of Special materials of 
solids or gas avoided by B C N I B ~ ~  c o n t ~ ~ n i o n  will prcvcnr conrrrunion climinntc 

temperature COnUOI, corrosion. High-pressure c o m i o n  but price may 
insulation, auxiliary (high top sped) stainless NIC out. 
heating, bypassing, or 
corrosion-resistant give trouble. 
materials of construction. 

steel fan impellers can 

Filter fabric may be 
damaged. 

l d c t  Initial design must be Etfidcncy not affected Initial design must be Initial design must be 
concenmtian bsscd on pea* loading. by increased ladings: based on peak loading. based on peak loading. 

dlcn on pressure drop 
depends on duration of 
surges, but can be reduced 
by temporary increase 
in cleaning intensity. 

(a) Table I taken from Reference 19.  

"SINTER PLANT 

MAIN STRAND GASES 

The gases withdrawn from the main strand of a sinter machine present a fairly difficult gas 
cleaning problem, not, as in most other iron-and steelmaking applications. because high 
efficiencies must be achieved on very fine particles. but because of other characteristics of 
the dust and the gases themselves. 

Volumes a t e  great and the use of medium and high pressure drop collectors would in- 
volve large nonproductive power consumption. 

The waste gases contain large quantities of both sulphur oxides and water vapour. 
Consequently they have a high (acid) dewpoint so that condensation and corrosion are a con- 
stant danger. aggravated by the wide fluctuations of temperature which occur from time IO 

time. 

The coarser fractions of the dust burden a re  exceedingly abrasive 
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Hence, the ideal dust collector wil l  have the following characteristics: 

A pressure drop as low as possible. 

Ability to operate efficiently over a wide range of temperatures without ill effect from 
occasional dampness of dust and collector internal surfaces. 

A construction which minimizes condensation, lends itself to reasonably economical 
corrosion prevention, and is not susceptible to plugging during the occasional but inevitable 
periods of operation below dewpoint. 

Freedom from abrasion troubles, preferably by complete avoidance of high velocities, 
otherwise by pre-collection of the coarse abrasive dust fractions prior to passing the gases 
thraughany collector in which high velocities are  used. 

DUST CHARACTERISTICS 

The particle size analysis of the dust content of sinter strand gases can vary between quite 
wide limits. . . The type of dust to be dealt with depends on the mix fed to the strand, i. e. 
proportions of home and foreign ores and return fines, and also on whether or not the burden 
is conditioned in a pelletizing drum. I t  must be remembered that changes in dust composi- 
tion occur as the rate of sintering alters and the relationship between temperature, flame- 
front penetration, and position on the strand varies. 

DUST LOADINGS 

The general level of dust concentration is affected greatly by the nature of the material fed 
to  the machine and can vary from plant to plant between 0' 1 and 1.0 grains per normal 
cubic foot and may occasionally reach 1 '2 .  The rate of solids emission is very sensitive to 
variations in the progress of the Sintering process along the length of the strand. 
mainly generated early in the sintering process and again when the flame-front reaches the 
bottom of the bed, 
ness of the lower part of the bed causes it t o  act  as a crude filter and hence to pass less 
dust. It has been found that as complete sintering approaches the discharge end of the 
strand, i. e. as the mean hottest windbox number increases, the dust loading rises noticeably. 

GAS TEMPERATURE 

Dust is 

It has been suggested that in the intermediate zone the increased moist- 

Gas temperatures usually fluctuate between 60'C and 200°C but 100-15OC is the most com- 
mon range and 125 C may be taken as a reasonable average figure for UK Practice. 
(U.S. procticc i s  in the ronge of 300 F to 400 FJ 

GAS COMPOSlTION 

The only constituents of the easte gases which are  important from the gas cleaning point of 
view are water vapour and sulphur oxides, both of which affect the frequency and severity of 
condensation in  rhe cleaning system, There will usually be about 10% water vapour by vol- 
ume in the gases and the sulphur oxide content. expressed as SO2, may be as high as 1. 5 
grains per normal cubic foot. Unfortunately, no acid dewpoint figures are  available, but 
water dewpoints as high as 50°C are encountered and acid dewpoints considerably higher than 
this must therefore occur. So far as Condensation and corrosion are  concerned, the relatively 
high proportions of water vapour and oxides of sulphur in  the gases complicate the design and 
selection of gas cleaning equipment. . . (but they tend to focilitmte electmstotic precipitmtion.1 

CHOICE OF DUST COLLECTOR 
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In the authors' opinion the sulphur oxide content of the gases rules out wet methods of col-  
lection, since these would result in difficult liquid effluent problems, and saturated gases 
having hardly any thermal lift and still containing some sulphur oxides would constitute an 
air pollution problem worse i n  some respects than the original one. 

The choice of a dry collector will be  dictated by the quantity and size range of the 
dust in the case under consideration. rhe space available. the pressure drop which can be 
tolerated and the outlet loading required. 
coarser end of the normal range and if an outlet concentration of 10.15 grains per normal 
cubic foot i s  the highest acceptable outlet loading, or the dust is finer. or a settling chamber 
cannot be accommodated within the space available, cyclones may be used, but their pres- 
sure drop (up to 6 inwg) is a disadvantage and they must b e  specially constructed to with- 
stand erosion by abrasive dust particles. For a stack loading of less than 0. 1 0  grains per 
normal cubic foot a more efficient type of collector must be used. 

Generally speaking. particularly for dusts at the 

If .outlet loadings down to 0.05 grains per normal cubic foot are required, ilie only 
suitable device is the electrostatic precipitator. Were it not for the constant danger of 
condensation, the fabric filter would be a possibility, but a filter fabric would 'blind' when 
operated under moist conditions. It is tme that the silicone-treated fibreglass fabric (which 
would have to be used in  any case to withstand the high maximum temperature) is much 
less susceptible to plugging than are the natural and organic synthetic cloths, and has been 
found IO regain its porosity on drying out, bur there would always be a risk of the cloth be- 
coming 'aarched'  with soluble salts and fail ing prematurely through what can only b e  de-  
scribed as cracking. Fibreglass, which has poor flex resistance i n  the first place, is excep- 
tionally vulnerable to this sort of trouble. This type of collector also compares unfavour- 
ably with the precipitator from t h e  points of view of pressure drop, space requirement, and 
maintenance cost, and would not be recommended for main strand gas cleaning. 

Although, in  common with al l  other collectors. a precipitator for this application has 
to contend with occasional condensation, its operation is not unduly affected by moil1 condi- 
tions, providing precautions are  taken against corrosion and providing it has efficient rapping 
gear which will clear any. , , build-up and prevent progressive deterioration in  its perfor- 
mance. The water vapour and sulphur oxides in the waste gases 'condition' the dust and, to- 
gether wirh the relative warseness of the dust,. . . (orrirt the p r e c i p i t ~ t i o ~  

The Head Wrightson sinter machine installed at the works of the Skinningrove Iron CO. Lld., 
Saltburn-by-the-Sea, is provided with a Head Wrightson/Research Cottrell dry plate precipitator. 
The machine was designed to process a wide variety of home and foreign ore mixes, and experi- 
ence indicated that the dust burden in  the waste gases could be reduced by a simple settling 
chamber from 1. 0 to 0.3 grains per normal cubic foot. ( T h i s  i s  lower than typical American loading.) 
The gas valume from the 1 6  x 6ft square windbox machine is 180000 per normal cubic foot. 
The precipitator has two treatment zones, energized by a 15 kVA 230 mA transformer- 
rectifier set and operates a t  a treatment velocity of 6.8 ft/s. 
intermittent operation, it was thought advisable to fabricate the collector plates in copper- 
bearing 'Corten' steel (0'1qoC max. ,  0.1-0. WaSi, 0.5-1. WoMn. 0.3-0. WoCu, 0.5-1.5qoCr, 
0. l - O . % P )  and these have withstood the adverse conditions very wel l  without noticeable 
deterioration. 
cement and the whole unit is thermally insulated to minimize condensation, The precipi- 
tator. . . was designed to operate a t  an  average temperature of 300'F, and at an efficiency 
of 86.1q0, corresponding to an outlet loading of 0. 04grains per normal cubic foot 
design performance has been . , , achieved and, although the sinter plant has worked on a 
one or two shift per day basis and the precipitator has undergone an abnormal .umber of start- 
ups, there has been no deterioration of its internals. The sinter fan was inspected in  August 
1963, 20 month  after commissioning and showed no sign of wear other than a general 
smoothness over the faces of the blades; i t  is estimated that i t  wil l  operate for at least another 
3-4 years without requiring maintenance. 
t ime of the inspection. Reduced fan maintenance and plant downtime a re  two useful in- 
direct benefits of efficient main strand gas cleaning. 

In view of the expected 

The interior of the precipitator shell is protected with gunned aluminous 

The 

The  machine had produced 250000 tons up to the 
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The dust discharged from the precipitator hoppers is conditioned in a pelletizing drum 
and the pellets produced #re  returned to  the process via the return fines conveyor. 

DISCHARGE END EXHAUST SYSTEM 

The whole of the discharge end of the sinter machine is usually completely enclosed; 100 
tons or more of dust per day may be released by the equipment in this area (i. e. the end of 
t h e  strand itself, the breaker. hot screen, and discharge t o  cooler). Air volumes vary with 
the size of sinter machine and the completeness of hooding, and are between 30000 and 
150000 cubic feet per minute. Gas temperatures are  usually between 40" and 150'C. Both 
the loading and the size range of the entrained dust are  affected by the designs of hoods e m -  
ployed, and the exhaust volumes allocated to  them, but dust burdem are typically in the 
range 4-6 grains per normal cubic foot of which 84% might be c100pm and IWO < l o  pm, 

Careful hood design, combined with adjustment of individual exhaust rates during com- 
missioning, can reduce both grain loadings and the proportion of coarse abrasive particles 
carried in the gases. 
means of simple high-efficiency cyclones, and the stack discharge in such cases wil l  con- 
tain about 0 . 5  grains per normal cubic foot of dust, 91% of which is <10 pm. At this sort 
of grain loading the stack plume does not appear offensive; all the same it represents a very 
high rate of solids emission (up to 700 pounds per hour o n  a large plant), and more and more 
interest is being shown in alternative higher-efficiency collection methods. 

It is relatively easy IO obtain collection efficiencies of 90-9flo by 

For cleaning the tip end emission the fabric filter and dry plate electrostatic precipi- 
tator are two obvious possibilities. Wet methods can be employed (self-induced spray units 
are  fairly often used in the USA), but are not to be recommended because they introduce 
a secondary (liquid) effluent problem, and are l iable t o  suffer from wet-dry interface troubles 
and sometimes from sludge discharge problems. At first sight, the fabric filter would appear 
to be ideally suited to this application, providing it is designed so as t o  avoid excessive 
scouring of the ba@ by the abrasive dust, and properly maintained SO that a small leak in  
one bag Cannot 'grit-blast' a hole into an adjacent one and start a rapid and messy chain 
reaction. The first requirement is quite easily satisfied, but the second is not so straight- 
forward and a short period of neglect could have expensive and inconvenient consequences 
i n  the form of extensive bag  replacements and operation a t  reduced capacity. From rhe 
point of view of efficiency and capital cost, the fabric fi l ter  is a 'good buy', but running 
cops are a most important factor, and cannot be accurately forecast. 

While the operating characteristics of the dry plate precipitator are quite predictable 
for this application, discharge end precipitation is difficult because of the high resistivity 
of the dust a t  the gas temperatures normally encountered. when the moisture content is less 
than about 1. 5 To by volume. In cold, dry weather the water vapour content may be as low 
as 0. 5% by volume, and under these conditiom umtabie precipitator conditions are liable 
to  occur at temperatures around 60'C. 

The addition of relatively small quantities of water vapour. rifficient to raise the vol- 
u m e  percentage to  2.0, leads to a marked improvement in  precipitator performance, as 
does the addition of 100 ppm of S q .  If a guaranteed efficiency is to be maintained under 
every circumstance, and a t  a l l  times, and if water vapour or SO2 cannot be added, the 
precipitator will be perhaps three times as large as a unit which will operate satisfactorily 
under a l l  but the driest conditions. It is therefore well worthwhile either to mix in gases 
from same other part of the sinter system or to add steam. if the  problem of conditioning 
can be overcome this is a very straightforward precipitator application,. . , ( A p p l i c ~ t i o n  of (I 

dry system at the discharge e n d  when water cooling ot the  rioter r t m n d  i s  employed could Ieod 
to the reintroduction of moisture control problems.) 
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QUENCH GASES 

The quenching of hot fines in  pug mill or drum gives rise to large quantities of fine dust, 
particularly during periods of erratic plant operation. 

In a typical installation the volume of gas vented from the drum was 1600 normal 
cubic feet per minute a t  40-12O'C. containing between 5% and 24= water vapour by volume. 
It was found that the dust loading was greatly affected. not only by the quantity and distribu- 
tion of spray water, but also by the quality of sinter being made. 
of the machine the loading was found to  vary between 1 .3  grains per normal cubic foot when 
sintering was complete, and 4.7 grains per normal cubic foot when incompletely sintered 
material was being discharged from the strand. Shortly after commissioning, before the 
sprays had been adjusted and while the operation of the machine was abnormally erratic. 
the mean dust concentration had been 4.8 grains per normal cubic foot (corresponding to  a 
rate of discharge of nearly 400 pounds per hour) and the peak loading 33.2 grains per normal 
cubic feet in gas volumes of 8500-11000 normal cubic feet per minute. This illustrates the 
effect of plant operation on stack emisswns. The final emission rate averaged 140 pounds 
per hour compared to 280 pounds per hour from the main stack and 135 pounds per hour from 
the t ip end cyclone stack. 

During normal operation 

The quench stadc dust is rather fine (9910 <100pm,  3N0 < l Q m ,  10% <3 pm). 
to the best of the authors' knowledge, no attempt has been made to clean the gases, but if 
cleaning were required in a n  existing plant a self-induced spray washer or an  orifice scrubber 
would b e  the best solution, unless the gases could be handled by an  existing discharge end 
cleaning system. In a new plant the authon would recommend mixing the quench gases with 
the discharge end exhaust air to give a conditioned mixed gas stream capable of being 
cleaned in a precipitator of . . . (conservotiwe sire to 0.05 p r  nornn/ cubic foot.) 

The problem can be entirely avoided if the hot returns are  conveyed direct to the mixer 
(preheating the mix often has much to commend it). 

To date, 

THE OPEN-HEARTH FURNACE 

The open-hearth furnace emits waste gases equivalent to between 14000 and 134000 normal 
cubic feet per ton of crude steel. Volume rates of flow are  USually within the range 110-280 
normal cubic feet. minute per ton of furnace capacity. Fume loadings vary from one period 
of the melting cyde to another. During charging and melting down concentrations of less 
than 0.5 ga ins  per normal cubic foot are usual, and during fettling they are even lower. 
highest fuming rates occur during refining and lancing, and loadings of 6 ga ins  per normal 
cubic foot are common during oxygen injection. The concentration of fume is of course 
affected by the volume of excess air which is allowed to  enter the furnace as well as by the 
fuming rate. 

The 

The composition of the furnace waste gases depends on the fuel used. The most im-  
ponant constituents from the gas cleaning point of view a re  water vapour and sulphur oxides. 
The percentage of water vapour may b e  as low as 2% or as hi@ as 2% and a concentration 
of sulphur oxides calculated as S q  of 3.52 grains per normal cubic foot has been reported 
for a producer gas fired furnace. A sulphur oxide concentration of 0.36 grains per normal 
cubic foot has been reponed for furnaces using IWo coke-oven gas and 30010 pitch-creosote. 
I n  general high acid dewpoints a r e  to b e  expected and if dry collection is t o  be used con- 
densation must be guarded against. 

Providing suitable precautions are  taken against condensation, a dry collector may 
b e  used, and numerous dry plate precipitators have been installed in OH melting shops in 
recent years. Purely from the precipitation point of view. OH fume collection is fairly 
straight-forward (with outomt ic  contmlsj, due  largely to the conditioning effect of 
the water vapour and sulphur oxides in the gases, but the fume tends to be 'sticky' and an 
efficient rapping s+tem is essential. The collector casing must b e  well insulated to mini- 
mize condensation. and if the unit is to operate under pressure the top insulator housing must 
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Temperature at the outlet of the combustion chamber may be upwards of 1000 C and 
the gases must be cooled before they can b e  cleaned. The methods available a te  air dilu- 
tion, indirect cooling by heat exchanger. and evaporative cooling. 
the latter i s  often the best compromise on the grounds of simplicity, final gas volume, 
space requirements. and initial cost. 

It is considered that 

However, the type of collection device used wil l  often dictate the manner in  which 
cooling is carried out. With wet methods of collection, a comparatively.smal1 spray tower 
may be used (without fine control of the cooling sprays) and air dilution or indirect cooling 
would be pointless. If dry precipitation is preferred. the gases must b e  conditioned (most 
simply with water) and if a spray conditioning tower is required for this reason the gas wi l l  
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be pressurized with warm air to keep the insulators dry. Dust should preferably only be 
stored i n  the hoppers in an emergency because it tends to bridge. and it may be advisable to 
heat the hopper sides. 
to clear as much collected dust as possible from the interior of the precipitator while it i s  
shut down. If this is not done conveyers and dust discharge valves may become clogged 
with moist dust. 
normal operating temperature, so that l i t t le dust is collected in  it when i t  is sweating, If 
these. . . precautions are observed the dry plate precipitator will operate continuously. . , 
if not, severe build-up, electrical and operating difficulties, and corrosion will b e  experienced. 

Some condensation is bound to occur at start-up, and it is advisable 

If possible the precipitator should only b e  energized when i t  has reached its 

A dry plate precipitator installation on a 250 ton tilting OH furnace. , .follows a waste 
heat boiler and ID fan, and is designed to clean I8900 cubic feet per minute of furnace 
gases at a maximum temperature of 28o'C. The design inlet loading is 5 grains per normal 
cubic foot during oxygen lancing and the outlet cleanness 0.04 grains per normal cubic foot. 
The Precipitator is insulated, the hoppers a t e  steam-heated, and the insulator compartments 
on top of the unit are pressurized with 600 cubic feet  per minute of air a t  200'F to prevent 
outward leakage of dirty gas and to keep the insulators both dry and clean. The precipitator 
has three treatment zones each of which is energized by a 21 kVA, 250 mA transformer 
recitfier set. This is quite a good example of a precipitator fitted into a very restricted site, 
utilizing turning vanes to reduce inlet and outlet duct sizes without detriment to gas 
distribution. 

The fabric filter may be used for OH gas cleaning but is more susceptible than the 
precipitator to condensation troubles. has a much higher power consumption, and requires 
more space. A filter serving one of the Ajax furnaces was reported to operate at a pressure 
drop of 8 inwg and to have a bag-life on only 20 weeks. There seems to be no ream" why 
filters of modern design using improved high-temperature fabrics should not operate ratis- 
factorily a t  a pressure drop of 4-5 inwg with a baglife of a year or more. but prolonged 
pilot-plant testing would be needed to prove the durability of the filter fabric. 

Both the irrigated electrostatic precipitator and the high-energy scrubber are  capable 
of cleaning OH fume 10 0. 05 grains per cubic foot or better, but they would have to be 
constructed from expensive corrosion -resistant materials and would create secondary prob - 
lems of liquid effluent treatment and loss of stack gas buoyancy. 

ARC FURNACES 

FURNACE PRESSURE CONTROL 

For consistently good fume control a t  minimum rates of extraction, automatic control of 
furnace pressure is essential. 
furnace depends on the position of the pressure pick-up. The accuracy of control required 
is of the order of 41.0 nwg for furnaces melting OH grades of steel but may be as fine as 
+0.03 inwg for a furnace producing alloy steels. The control system used must have a 
high speed of response if it is to cope with sudden fluctuations within the furnace. 

The indicated pressure which it is necessary to hold within the 

GAS COOLING OR CONDITIONING 
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b e  spray cooled to  the desired precipitator operating temperature. The fabric filter does not 
require pre-humidification of the gases for efficient operation and is, moreover, exception- 
ally vulnerable to condensation. The preferred method of cooling in this case will depend 
upon whether the filter fabric is organic-synthetic (e. g. Orlon or Terylene) and therefore 
not suitable for operation a t  over 130°C. or fibreglass, which will withstand up to 250'C. 
In the former case air dilution or indirect cooling may be used, but in the latter spray cool- 
ing should present no difficulties providing a good control system is fitted. 

SYSTEM CAPACITY AND SAFETY 

, , . The derails of safety require that . . . very conservative assumptions are made. The 
problem of explosion hazards has been considered in recent papers. 

Air may enter the system a t  the air break between elbow and fixed fume pipe and at 
the combustion chamber, as well as through the furnace openings. The volume of air 
entering by each of these routes is unimportant providing (a) that control of fumes is ob- 
tained and (b) that the final waste gas volume is such that even if combustion has been in- 
complete an explosive miXNre cannot be formed. 

The combined effects of combustion and dilution have been calculated for the lancing 
period. and are  shown in Table Ill. However. the rate of evolution of combustion, follow- 
ing the addition of oily scrap cannot be predicted, and it must be remembered that in  
practice the operation of a fume cleaning system must take second place to the production 
of steel; allowance must also be made for occasional deficiencies in the standard of both 
operation and maintenance of cleaning systems. Hence, although under ideal conditions 
an O2 t o  waste gas ratio of 1 O : l  would no doubt be adequate, it is recommended that a 
ratio of not less than 15:l be used. 

TABLE I11 

Ratio of-te 0:. Clrbo" mmbustion for eafe 
8Woryscn m O M r i d C  if no operation @.sed on 
injection flowrate mmbustion occurs 100% oxygen 

22: I 9.1 Nil 
16: I 12.5 Nil 
1s: I 13.3 5% 
14: I 14.3 10% 
10: 1 20.0 32 % 
6 :  1 333 50% 
5: 1 40.0 55% 

ERecu of combustton and dllutim" 

Appmr. % 

utilization) 

Current understanding of t h e  explosion problem is incomplete; explosions have been 
reported even in conservatively d e s i p e d  systems following errors in operation, and it is 
considered more prudent to use theory to predict the magnitude of apparent safety margins 
rather than to reduce these to the point where (due to the intrusion of incalculable factors) 
they do not exist, and a variation in the process or a mistake by an operator can cause 
an explosion. 
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GAS CLEANING 

The furnace gases may be cleaned to 0.05 grains per cubic foot by precipitator 
(wet or dry), fabric fi l ter ,  high-energy scrubber. or combination scrubber-precipitator. 

conditioned. It is therefore ideally suited to direct extraction systems but much less so for 
hood or conventional hood vent installations. 

( A )  75 ton furnace. . . has been fitted with direct extraction fume control equipment 
and fume is to be collected by a dry-plate electrostatic precipitator ('B' unit referred to 
below). The lancing rate of this furnace is 1200 cubic feet  per minute and the volume 
during lancing, after combustion and cooling 49200 cubic feet per minute. 
Ls designed to clean a rota1 of 83200 cubic feet per minute from the existing furnace and 
another which is to b e  added i n  the future, from 6 .5  to 0. 05 gains  per normal cubic foot. 

Furnace gases will pass through a water-cooled elbow and refractory -lined fixed duct 

Dry plate precipitation is relatively straightforward providing the gases are properly 

The precipitator 

connected by a power-operated movable sliding sleeve, into a gas burner followed by a 
combustion chamber. 
tower and wi l l  enter the precipitator a t  a temperature of 500'F. 

They wi l l  be cooled and conditioned i n  the rectangular spray 

The fabric filter is theoretically ideal, having a uniformly high efficiency irrespective 
Filtering of throughput but it must be carefully designed and protected against condensation. 

velocities may be as low as two feet per minute so that space limitations wi l l  often exclude 
this type of cleaner. 

The high-energy scrubber operating at a pressure drop of 30 inwgor more will do a ratis- 
factory fume-cleaning job ( U S .  air pollution regulations would require about 45 inches wter  9-e.) 

and its compactnes is a p e a t  advanrage. particularly when the available space is limited. 
Power may be saved by regulating the fan in an efficient manner to suit the rate of exhaust 
required for fume control and the pressure drop needed a t  different periods of the melt to 
give the statutory final gas cleanliness. but this is only practicable if the pressure drop of 
the scrubber can b e  adjusted to the desired level over a wide range of flow-rates. 

It mus t  be s t r e s s e d  that in  the long run  regular  maintenance and attention to op- 
erat ing conditions a f fec t  the cost  and effectiveness of any gas-cleaning unit. 
corporation of automatic controls ,  operator-proof controls,  scheduled preventive main- 
tenance, anticipation of adverse  process  conditions and raw mater ia l  possibil i t ies a r e  
important to  the continued performance of gas-cleaning equip(ment af ter  the guarantee 
period. 

The in- 

Attention i s  now directed more  specifically to the following pa rame te r s  that affect 
gas cleaner performance: 

(1) Effec t  of gas-volume changes on collection efficiency of a dust  
collector 

( 2 )  Effect  of p re s su re  drop within the gas c leaner  on efficiency and 
capacity of the collector 

( 3 )  Effect  of dust loading, and effect of col lector-surface renewal 
on p res su re  drop, volume, and collecting efficiency 

(4) Effect  of particulate a s  generated i n  each  metal lurgical  p rocess  
(par t ic le  density, par t ic le  density, par t ic le  size, size distribution) 
on efficiency of each applicable dust-removal device 
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(5)  Effect of tempera ture  on efficiency of and gas volume to 
collector,  and requi red  gas  conditioning for  cooling and 
humidification before dus t  removal  

(a) G a s  analysis as it affects conditioning requi red  
p r io r  to cleaning and exhausting 

(b) Corrosion and the use  of water  

( c )  Abrasion and chemical  effects of dust 

( 6 )  Adaptability of the par t icu la te - removal  sys tem to removal  
of gaseous pollutants. 
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Effec t  of Gas  Volume Changes 

A s  previously indicated, the volume of effluent gas emitted by a metallurgical 

Because the efficiency of dus t  removal  changes when volume changes, it 
process  may vary  greatly during one heat,  or according to changing production level of 
the process .  
becomes necessa ry  to  

---operate a t  constant volume with air substituted for effluent gas  
deficiency, 

- - - o r ,  use  a gas-cleaning device which adjusts itself to volume 
changes, o r  i s  adjustable to sat isfactory efficiency over a range 
of volume. 

Self-induced o r  orifice washe r s  and ce r t a in  fluidized-bed sc rubbe r s  can adjust  
themselves,  essentially a t  constant efficiency. Adjustable-throat ventur is ,  orifice - 
wedge and flooded disk scrubbers  can be adjusted to suit a range of gas  flow. 
other wet sc rubbers  can a l so  be flooded (uneconomically) to achieve the same effect .  

These and 

Multiple units (nested cyclones, pa ra l l e l  sc rubbers ,  precipitator tubes o r  ducts, 
multiple venturis,  baghouse f i l t e r  tubes) can be partially blocked off to maintain high 
(design) efficiency at reduced volume, with economy of water  and power use.  

_- -  o r ,  design f o r  maximum possible eff luent  volume, and "over-clean' '  
at reduced volumes. 

The following quotation f r o m  the Bri t ish l i terature  in  1964 i l lustrates  one sug- 
gested method for determining good design i n  relation to gas flow(13): 

"1t will be appreciated that the efficiency of a precipitator is greatest when the velocity of the gas 
through the cross-section of the elecrrode system is uniform, and no gas is bypassing the electrode system. 
This is ensured by the construction of . , . models . . . of the precipitator and inlet flue system. The flow 
conditions in the model are adiusred to give the same Reynolds number as the full-scale plant, allowance 
being made for scale factors, gas viswsity. and density. The flow pattern in the model is wrrected using 
splitters and baffles, their position being determined by experiment. Such model ~es t s  permit requirements 
to be worked out in advance, and avoid the difficulties in  carrying out such work on site on the finished 
plant. " 

B A T T E L L E  MEMORIAL I N S T I T U T E  - COLUMBUS LABORATORIES 



VI-70 

E f f e c t  of P r e s s u r e  Drop 

Because of large c r o s s  section and control of build-up conditions (temperature and 
humidity) and regular  rapping f o r  dust removal ,  e lectrostat ic  precipitators usually will 
show negligible change in  res i s tance  to flow in  operation. 

Bag f i l t e rs ,  when new, have low res i s tance  and low efficiency. Sometimes a p r e -  
coat of dust i s  applied to make the initial cleaning of p rocess  fume m o r e  effective. The 
buildup of dust  i n c r e a s e s  both efficiency and p r e s s u r e  drop until the cleaning (by shaking 
or r e v e r s e  flow of air) cycle i s  initiated (often by a p r e s s u r e  signal). 
will be at a lower (but still effect ive)  level until the dust layer r e fo rms  on the fabric .  (55 )  

Then efficiency 

Wet scrubbers  i nc rease  in  efficiency with inc reased  res i s tance  due to mechanical 
constriction of the throat  a r e a  o r  added water  input. 
at tr ibuted to Semrau’s  correlat ion is descr ibed la te r .  

The proportionality of change as 

Efficiency of cyclones also depends upon p r e s s u r e  drop. Cyclones a r e  used  only 
with c o a r s e ,  easi ly  collected dusts,  however, and usually with a view to product r e -  
covery a s  much a s  to g a s  cleaning. A s  such, they may usually be regarded  a s  p rocess  
equipment. The rules  relating p r e s s u r e  drop, capacity, and efficiency a r e  available in 
the A i r  Pollution Engineering Manual. (so) 

Effect of Dust Loading 

An electrostat ic  gas  cleaner i s  essentially a constant-efficiency device, so that 
any change in inlet loading will be reflected proportionally i n  the outlet s t r e a m  loading. 
However, i n  actuality, changes in  dust build-up occur  and advers ly  affect the propaga- 
tion of a uniform e lec t r ic  field. 
dition of heavies t  expected dust loading. 
tain an optimum electr ic  field without spark-over .  

Plate spacing must be designed to  accommodate the con- 
Automatic controls a r e  often requi red  to main-  

A well-designed bag fi l ter  will be unaffected by a change in  inlet loading, except 
that automatic cycling of the bag-cleaning sys t em will adjust to the change (within c e r -  
tain limits of variabil i ty).  

A wet scrubber will yield constant efficiency f o r  a given p r e s s u r e  drop. 
fore ,  a change in  inlet  loading will be ref lected proportionately in  the outlet loading. 
However, wet-scrubbing sys tems can be adaptable to changing conditions, provided suf- 
f ic ient  power is applied. A venturi throat can be closed to maintain a given effluent 
level with increased  dust generation in the p r o c e s s .  
widely with time could be handled by making f requent  adjustments of the cleaner to 
maintain a constant acceptable output of fume. 

There-  

A p r o c e s s  whose fume output va r i e s  

Par t iculate  Charac te r i s t ics  F r o m  Different 
P r o c e s s  Segments 

In Appendix C, “Charac te r i s t ics  of Emiss ions” ,  of this report ,  some data a r e  
presented  on the nature of particulate ma te r i a l  generated by var ious  p rocesses  and 
conveyed by gases emitted f r o m  the p rocess  vicinity. This dust i s  generally nonuniform 
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f r o m  one particle to another and f rom p r o c e s s  to process .  
categorized a s  particle s ize ,  shape, density, and composition. 

The differences may be 

The mechanisms of particle collection on which gas-cleaning equipment a r e  based 
The chemical  vary  in collecting efficiency, generally with par t ic le  physical propert ies .  

nature of the dust may affect its susceptibility to e lec t r ic  charging. 
mar i ly  affect e lectrostat ic  precipitation, but could be a second-order  effect in wet 
scrubbing and in fabr ic  filtration. Solubility and chemical activity in  water  would affect 
the water  cycling, dust  handling, and collector-surface maintenance in wet collectors.  

This would p r i -  

Some genera l  variations in  the efficiency of collectors with these particle p rope r t i e s  
can be drawn. 
have been presented  for various types of dust-collecting equipment. (78) 
the efficiency of collecting par t ic les  of a given size.  
r e su l t s  using a standard dust (Table VI-13) with a 2.7 specific gravity. 
can be used  to  indicate in  a general  way the relative applicability of each type of equip- 
ment  to different p r o c e s s  fumes .  A s  shown in  F igure  VI-33, the efficiencies generally 
a r e  lower (often dropping abruptly) for finer grades  of dust. 
economical to operate ,  but they generally do not clean fine par t ic les  f r o m  gases  as 
well as others.  

Grade-efficiency curves  typical of industrial  collectors in the mid-1950's 
These show 

The curves  were  based on t e s t  
These curves  

Some devices a r e  m o r e  

TABLE VI-13. GRADING OF W.  C .  3 TEST DUST(a) 

Percentage by 

of Grade, Weight in Than Top Size 
mic rons  Grade of Grade 

Size Percentage by Weight Smal le r  

104-150 3 
75-104 7 
60-75 10 
40-60 15 
30-40 10 
20-30 10 
15-20 7 
10-15 8 

7-1 /2-10  4 
5-7-1 2 6 

2-112-5 8 
2-112 21 

100 
97 
90 
80 
65 
55 
45 
38 
30 
26 
20 
12 

(a) From Reference 78. 

Relationship of Particulate a s  Generated by 
Different P r o c e s s e s  to Collecting Efficiency 

Stairmand(78) h a s  presented  grade efficiency curves  for various cleaning equip- 
ment  at specific conditions using a standard dust. These curves  indicate the relative 
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applicability of each type of equipment to different dusts.  
nomical  to operate but do not clean fine particulate f r o m  gases as well a s  others .  

Some devices a r e  m o r e  eco -  

The curves  a r e  applied to various p rocesses  with their  given particulate size 
distributions.  

By making a density correct ion,  the curves  can  be applied to dusts for which 
par t ic le-s ize  distribution data (as i n  Table VI-13) are known. 
a r e  given in  Appendix C to this report .  
base  co r rec t ions  for particle shape, composition, and surface differences; so such an 
application of the cu rves  will not be quantitatively precise .  

Some distribution data 
No quantitative data a r e  available upon which to 

Par t ic le-s ize-dis t r ibut ion data available f o r  this kind of analysis a r e  inadequate in 
some measu re .  
averaging in  the region of g rea t e s t  variation in  efficiency on the grade-efficiency curve 
(the f ine-par t ic le-s ize  region). 
Whether o r  not averaging according to the log-probability distribution would be applicable 
to distributions having given data ranges  such a s  0-1 micron  o r  0-5 microns  is  not 
known. 

The size ranges  repor ted  a r e  usually too large and requi re  excessive 

Steelmaking dust is largely concentrated in this region. 

The shape of the grade-efficiency curve may be affected somewhat by (1) p rocess  
var iab les  which al ter  the p rope r t i e s  of the dust, (2)  conditioning of the dus t  by humidity 
and tempera ture  control (in the case  of e lectrostat ic  precipitation), (3) collector 
geometry (affecting t rea tment  t ime)  and (4) energy input (see Table I) .  
men t  of a fami ly  of curves  should be undertaken to  develop grade-efficiency variations 
at different  levels of pertinent operating var iab les  ( such  a s  scrubbing-energy level o r  
electrostatic-precipitation t rea tment  duration). Note that steelmaking fume can gener- 
ally be adequately removed with a scrubber p r e s s u r e  drop of 40  plus inches of water ,  
o r  by electrostat ic  precipi ta tors  whose geometry,  control,  and energization a r e  spec- 
ifically selected fo r  that application. Using the given curves,  however, to analyze the 
e f fec t  of each  type of t rea tment  on actual p r o c e s s  dusts will give a rough comparison of 
collectors for a given task,  and a general  comparison of dust-property effects on p e r -  
formance of each  collector.  Efficiencies 
measu red  in  the field of equipment that i s  collecting dust f r o m  the actual p r o c e s s e s  
dusts whose proper t ies  would a l so  be tes ted under  the collecting conditions) would allow 
p rec i se  comparisons,  m o r e  p r e c i s e  (and probably m o r e  economical) designing, and 
dependable predictions of performance.  Such data generally a r e  not available, not very  
good, o r  undisclosed. The re fo re ,  the theoretical  t rea tment  while l imited,  is  the bes t  
alternative available for relative comparisons.  

The develop- 

At least ,  relative indications may be drawn. 

The fabr ic - f i l t e r  curve h a s  been deleted f r o m  Figure  VI-33 because it  is based on 
a theoretical  calculation f o r  a new fil ter .  
curve given in  F igure  ~ 1 - 3 4 ( 8 2 )  is based on actual t e s t  resu l t s .  However, both indicate 
that the efficiency would not go to zero  as par t ic le  s ize  approaches zero.  
cussed  in the l i terature(67)  in  t e r m s  of a diffusional collecting mechanism which comes  
into play at an increasing rate  as particle s ize  diminishes. 
other grade-efficiency curves  r ep resen t s  the fai lure  of the iner t ia l  impaction mechanism 
to collect smal l  par t ic les .  Discussions in  the l i t e ra ture(67)  include diffusion of par t ic les  
t o  water-droplet  targots  as well a s  to f i l t e r  media. 
apply to wet scrubbing. 
mechanism of diffusion s e e m s  a l so  to apply to e lectrostat ic  precipitation. 
an i sm,  then, would suggest an  upward alteration of the grade-efficiency cu rves ,  

A m o r e  typical pract ical  grade-efficiency 

This i s  dis- 

The zero  drop-off in  the 

Therefore,  this effect should also 

This mech-  
As indicated by the U-shape of curves  in  F igure  VI-38, the 
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F a b r i c  f i l t e r  
c u r v e  omi t ted  

for  r e a s o n s  
given in  the 

tex t .  

FIGURE VI-34. GRADE-EFFICIENCY CURVES F O R  D I F F E R E N T  T Y P E S  OF 
AIR-POLLUTION CONTROL EQUIPMENT(78)  

( T h e s e  c u r v e s  w e r e  d e t e r m i n e d  on the re l a t ive ly  c o a r s e  
dus t  d e s c r i b e d  in the tex t ,  and do not  n e c e s s a r i l y  apply 
d i r e c t l y  to m e t a l l u r g i c a l  fume.  ) 
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Variations i n  this  effect will occur with tempera ture  and particle concentration. 
->* . designing low-flow-rate col lectors ,  and by optimizing inlet  conditions, one could take 

advantage of this mechanism with fine dusts.  

By 

- 

c 

99 

c 
m 
0 
._ 
._ 
w 

I I I I 
0.05 0.1 0.5 1.0 50 

Particle Size,  microns 

FIGURE VI-35. COLLECTION EFFICIENCY AS AFFECTED BY PARTICLE 
SIZE IN A FABRIC  FILTER(^^) 

The investigation of t h i s  diffusional mechanism,  the testing and sampling tech- 
niques which contribute to the dear th  of data, and filling of the data gaps should be under- 
taken to a s s i s t  in  future proper  design of col lectors  and prediction of capital and operating 
costs .  

The grade-efficiency data shown in Figure VI-34 a r e  applied i n  Table VI-  14 to 
var ious process  dusts with assumed par t ic le-s ize  distributions.  
the s ize-range l imits  of these distributions by the square root of the rat io  

By multiplying each of 

specific gravity of process  dust 
standard-dust specific gravity ' 

the curves  can be used to es t imate  the average efficiency of collection for the weight 
f ract ion of dust within those cor rec ted  size range l imi t s .  
f ract ional  efficiency by the corresponding weight f ract ion,  and summing, the net effi-  
ciency f o r  the collector and dust combination i s  estimated. But, note that this yields 
only a relative indication of efficiency, and is not to  be taken absolutely and compared to 
a measured  efficiency f r o m  the field. Experience suggests that precipitator efficiencies 
calculated in  this way a r e  low, and calculated wet-scrubber efficiencies (using extrapola- 
tions to  the reported 22 in.w. pressure-drop  situation(67)) a r e  high for open-hearth dust 
and a r e  low for BOF dust. 

By multiplying each such 

Ef fec t  of Temperature  

F r o m  the gas  laws, volumes vary  direct ly  with absolute temperature .  This has  
severa l  implications for the gas cleaning s y s t e m  
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TABLE VI-14. CALCULATED RELATIVE EFFICIENCY OF COLLECTING EQUIPMENT FOR VAfUOUS PROCESS 
DUSTS AND COLLECTORS 

(Results reponed here are subject t o  the limitations given in the text.)  

Flux Fraction 
(as in self- 

Electric Arc hessure Drop Sinter fluxing sinter Baric Oxygen 
Strand making) Furnace Open Hearth Furnace (in. water) 

3 .93 _ _  Particle Specific Gravity 4 . 0  . 2 . 1  5 . 0  5 .2  

3 - 6  _ _  4 4 -8  2-1 grains 
Inlet Loading, SCFD 

98.73 98.9-99.38 91.5-99.28 98.33-99.11 - -  Required Efficiency to Attain 
0. 05 Grain per Standard 
Cubic Foot. % 

Computed Efficiency, %, for: 

Cyclones 

High Throughput 65 59 3.1 

High Efficiency 9 1  90 4 .9  
Multicycione 98 .5  98 4.3 
Wet 9 1  96 3 .9  

Wet Scrubber 

Low Energy 

Not Applicable 

spray 97 97 
Wet Impingement 99.75 - 99.52 
Self-Induced 98.25 98 

- 

High Energy 

1.4 
6.1 
6.1 

_ _  99.32 __ 98.95 1 2  88 86 
99.98 - 99.95 8 d a )  94. 5(a) 94@) 2 d a )  
- Disintegrator 

Venturi 
~ 

Electrostatic Precipitator 

99.00 95 .5  64(b) 83@) 8 l ( C )  0. 6 
98.95 _ -  _ _  86(b) 0. 6 Wet 99.86 __ 

Fabric Filter 99.99- 99.99 (97.8)  99 .5  4 .0  99 .5  

_. Dry 
- 

- - 

(a) A pressure drop of 4 0 f  inches of water gage normally is required to clean steelmaking fume to the specified 0.05 

(b) The codes in the mid-1950s (when these grade-efficiency data were typical in Britain) were less restrictive. 
grain per standard cubic foot with a venturi scrubber. 

Precipitator designs today can be guaranteed to 99.5 percent efficiency if required, but the curves in 
Figure VI-34 still can be used for comparative collection efficiencies. 

( c )  With proper humidification. 
(d) Underlined values for computed efficiencies meet the required efficiency for outlet banding of 0.05 grain per 

standard cubic foot. 
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(1)  The fan-power requi rement  is proportional to volume because 
of this,  many sys tems cool the gases  to a minimum practical 
tempera ture  before en t ry  into the fan,  un less  t he rma l  lift 
mus t  be maintained to get r i d  of noxious gases  in the effluent. 
Since positive p r e s s u r e  ordinarily makes  for  s impler  s t ruc -  
t u re  in  a precipi ta tor ,  and bes t  efficiency requi res  severa l  
hundred degrees  of t empera tu re ,  this benefit  i s  ordinarily 
not available for a forced-draft  precipitator fan. However, 
in  the wet sc rubber ,  where efficiency depends on a high g a s -  
s t r e a m  energy, at a high power-consumption level, the cooling 
of gases  i s  par t icular ly  beneficial. 

( 2 )  P rec ip i t a to r s  and especially bag filters a r e  l imited i n  the 
tempera ture  at which they operate.  Thus, cooling a s  a 
preconditioning step i s  requi red  before en t ry  to  the gas  
cleaner on many p rocesses .  
affects  the volume of g a s  to be handled, as shown in 
F igu res  VI-36(13) and VI-37(82). 

.- - 

The method of cooling a l so  

FIGURE VI-36. VARIATION OF VOLUME 
WITH TEMPERATURE WHEN GASES ARE 
COOLED BY THE EVAPORATION OF 
WATER 

FIGURE VI-37. WASTE GAS VOLUME 
VARIATION FOR DIFFERENT GAS CON- 
DITIONED TEMPERATURES BY AIR 
INFILTRATION AND WATER 
SPRAYING 

B A T T E L L E  MEMORIAL I N S T I T U T E  - COLUMBUS L A B O R A T O R I E S  

I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
'I 
1 



E 
l 
I 
11 
I 

I t  

I 
I 
c 
c 
I 
I 
I 
I 
I 
C 
E; 
I 
' I  
B 

m 

VI-77 

Effect of Humidity 

Additions of water  to the gas s t r e a m  o r  to the gas-cleaner sys tem i s  a frequently 
required preconditioning step. 
sufficiently below the dewpoint to preclude cor ros ion  of the s t ructure  and clogging of the 
bags with mois t  cake. 
avoiding expensive radiation ducting o r  excessively large components to handle dilution 
air. 

The humidity of the gas  entering a baghouse mus t  be 

On the other hand, quenching i s  an  economical way to  cool, 

Humidity i s  sometimes c r i t i ca l  in  the electrostat ic  precipitation of cer ta in  dusts 
of high resist ivity.  
zone, but c a r e  mus t  be taken to  stay above the dew point tempera ture .  
resul ts  f r o m  these cases .  
dew point i s  also cr i t ical  f rom a cor ros ion  point of view in  those c a s e s  where sulfur 
dioxide is a significant p rocess  effluent component, such a s  the open hear th  and some 
coal-burning p rocesses .  While it h a s  been noted that sulfur dioxide can be beneficial in  
the precipitation of some p r o c e s s  dusts,  this benefit  i s  likely to be los t  as sulfur dioxide 
regulations take effect. 

Again, it can be coupled with cooling quench in  the pre-conditioning 

It should be noted that in  both of the above sys tems,  the acid 
No liquid effluent 

Water flushing of elbows, fan blades,  and other p a r t s  of the sys tems h a s  been e f -  
fectively used  to inhibit impingement abras ion  and to  prevent dust buildup. 

Corrosion, abrasion, dust buildup and excessive tempera ture  a r e  the m o s t  frequent 
maintenance problems on a gas-cleaning sys tem.  
careful  pH control is important, a s  i s  control of solids buildup in  a recirculating-water 
system. 

Where water i s  used as a remedy,  

Except f o r  this preventive maintenance, water  effluents usually a r e  the r e s u l t  of 
wet scrubbing o r  wetted-surface precipitation. This la ter  finds application to e lec t r ic -  
a rc - furnace  fume-cleaning where sat isfactory particle res is t ivi ty  for  collection i s  dif- 
f icult  to  achieve, and in  sinter plant and b l a s t  furnace applications where coa r se ,  
abrasive dust mus t  be removed. 

Effect  of Electr ical  Resistivity of Dust 

The effect  of e l ec t r i ca l  res is t ivi ty  on the collection of dust  i s  discussed as follows 
in  a Brit ish source published in  1964(13): 

Much has been written on the subject of the effect of the resistivity of the dust on precipi- 
tator efficiency and it is not proposed to go deeply into this aspect of the subject:. . . It  can be 
shown, however. that far dust of a very high resistivity, precipitation efficiency can be seriously 
reduced (see Figure VI-38 and section an particle sizing). and, for resistivities higher than 10l1 
ohm-cm. difficulties are  likely to be encountered. There is some divergence of opinion between 
different investigators an the value of resistivity a t  which difficulty is likely to  be encountered 
and i t  is thought that this is due to a number of factors difficult to control. such as the  degree 
of packing of the dust. so that in practice different forms of apparatus can disagree to a con- 
siderable extent.  At the same t ime resistivities measured by any one form of apparatus, when 
used by an experienced operator, can be related to precipitator performance. 

The  electrical resistivity of most dusts and fume depends on the nature and condition of 
the surface of the dust particles, rather than on the material of which the dust is composed: the 
resistivity is in practice often determined by adsorbed layers of vapour, such as water, sulphuric 
acid, or ammonia. These usually arise from reactions taking place in  the furnace or vessel to 
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which the precipitator is attached; for instance, high-sulphur fuel oil used in firing OH furnaces 
can produce sulphuric acid, and this in turn is adsorbed by the dust, Where the dust resistivity 
is high, suitable layers to reduce the resistivity of the dust can be provided by the injection of 
one of the conditioning agents listed above into the flue before the precipitators. In  practice, 
however. in this country, i t  has not so far been found necessary to supply any artificial condi- 
tioning agent to red oxide dust plant, although difficulties have been reported from abroad. 
Figure VI-39 shows the resistivity plotted against temperature for fume originating from LD 
conveners, OH furnaces, arc furnaces, and ladle desiliconization processes. 

It w i l l  be seen that the resistivity is below 10l1 ohm-cm in all cases except for fume 
from the arc furnace. In the case of OH furnaces the dust is normally 'conditioned' by the 
water vapour and sulphur trioxide resulting from the combustion of the fuel used to fire the 
furnace. 

In the case of the arc furnace, there is normally no such supply of conditioning agent in 
the gases leaving the furnace as curve 1, which is the resistivity of a dust sample taken 
immediately a t  the furnace outlet and is typical of a highly resistive dust without the condi- 
tioning surface layer. When a precipitator is attached to an arc furnace it is necessary, in 
view of the high temperatures involved, to cool the gases, usually by means of a water spray 
tower, t o  an economical level for the precipitator. This has the effect of reducing the gas 
volume to be treated; and a t  the same time, the dust is 'conditioned' by water vapour and the 
resistivity curve assumes the shape shown for the other fume with the peak value below the 
l imit  for efficient precipitation. 

E f f ec t  of Pa r t i c l e  Size on Precipi ta tor  Efficiency 

The same  Bri t ish report(13) descr ibes  the following: 

It can be shown from calculations on the  forces acting on charged particles that the 
efficiency of an electrostatic precipitator should decrease with decreasing particle size; this, 
however, is not normally borne out in  practice and many commercial applications of precipi- 
tation are on processes in which much of the fume is submicron. as for instance, blast-furnace 
gas cleaning and the red oxide fume evolved from oxygen blowing processes. 

Figure VI-37 shows the relationship with precipitation efficiency and particle size for a 
number of dusts, the first three relating to dry precipitation, and number 4 t o  a wet precipi- 
tator. Curve No, 1 was obtained on a dust whose electrical resistivity was of the order of 
1013 ohm-cm, and the precipitator was exhibiting signs of severe reverse ionization; it is 
interesting to note that the fall-off in efficiency becomes increasingly serious for particle 
sizings below 20 Pm. Curve No, 2 was obtained upon the same dust when the resistivity had 
been decreased by the use of a conditioning agent, while curve No. 3 was obtained on a dust 
whose resistivity was well below the l imit  of 10l1 ohm-cm quoted in the section on 
resistivity. 

Curve No. 4. obtained on the wet electrofilter, has a fall-off comparable with the lowest 
resistivity dry dust (curve No, 3); in this case, although the dust was initially highly resistive, the 
resistivity of the dust in the precipitator was reduced to a safe level by the cooling and natural 
conditioning effect  of the spray tower preceding the precipitator; in addition, since the particles 
were deposited on a moving flow of water, the effect  of high resistivity would be of no conse- 
quence in any case. Since this fume consisted of non-magnetic particles of spherical form i t  
was possible, using the electron microscope, to continue the grading beyond the l imit  of most 
forms of grading apparatus; these gradings indicated that t p  was no serious fall-off of precipi- 
tator efficiency for particle sizings down to the order of - U r n .  100 
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While the theory of the motion of the dust particles under the effect of the electric field 
assumes that the dust is deposited as individual particles, there is in  practice a strong tendency 
for very fine fume to agglomerate into masses consisting of hundreds of fine particles, such 
agglomerates behaving as single, much larger particles in the electric field, with the result that 
efficiency is higher than would be theoretically calculated for such a fume. This is normally 
considered to be one of the explanations why the precipitator fails to obey the basic theory. It 
is also one of the difficulties of carrying out dust gradings and limits their value, since clearly 
what is required of a dust grading apparatus is the grading including the effect of agglomeration. 
and one of the debatable points in dust grading methods is the energy which should be used to 
disperse the agglomerates formed in  the precipitators in a dust grading apparatus. An interesting 
feature is the action of the conditioning agent, as illustrated by curves 1 and 2, since it would 
appear that, in addition to reducing the resistivity of the dust, the  agglomerating properties 
are also materially improved. The authors consider that for efficient precipitation it is neces- 
sary. particularly in a dry precipitator. for the dust t o  have the correct agglomerating properties 
in addition to a suitable electrical resistivity value. 

Adaptability of Particulate Removal Systems 
to Removal of Gaseous Pollutants 

Studies on the injection of dry,  powdered l imestone, dolomite, maganese dioxide, 
alumina, and other me ta l  oxides to p rocess  gases  containing sulfur dioxide indicate that 
some 30 to 60 percent  of the SO2 can be absorbed by the additive and removed in  the 
particulate-removal sys tem (as an  added inlet  loading). 

A bag filter could do this effectively. A wet scrubber  s y s t e m  gives the added 
benefit of a liquid-absorbtion stage, and h a s  yielded good tes t  resul ts .  
may be used  without the powder injection. 

Alkaline solutions 

A catalytic oxidation p rocess  unit could be inser ted  in s e r i e s  following a precipi-  
tator so  the high tempera ture  a t  which the precipitator opera tes  could be used  in  the 
oxidation. 
precipitator.  

The p r o c e s s  scrubbing would preclude following with a baghouse o r  

These sys tems a r e  in  the development phase,  and their  use  i s  contingent on eco -  
nomics and competitive -proce s s  developments. 
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FIGURE VI-38. VARIATION OF PRECIPITATION EFFICIENCY FIGURE VI-39, ELECTRICAL RESISTIVITY OF RED OXIDE 
WITH PARTICLE SIZE FUME FROM VARIOUS OXYGEN-BLOWN 

STEELMAKING PROCESSES 
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SECTION VI1 

I 
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PROBLEMS AND ASSOCIATED 
OPPORTUNITIES FOR RESEARCH 

An objective of this study is to de te rmine  where r e s e a r c h  and development may be 
undertaken to achieve the des i red  control of emiss ions  to the air f rom the integrated 
i ron and s t ee l  industry.  
respec t  to r e s e a r c h  needs, an identification key was developed to se lec t  the subjects 
requiring r e sea rch  e f fo r t  to resolve i ts  a i r -qual i ty  problems,  and to es tabl ish some 
indication of pr ior i ty .  

As a means  f o r  screening the var ious process  segments  with 

The key i s  given in Table VII-1. 

TABLE VII-1. IDENTIFICATION KEY FOR 
PROBLEM IDENTIFICATION 

Fac to r  Key 

0 
Level of emission Severe Moderate Minimal 

Is it controlled? No Par t ia l ly  Yes 

Can it  be controlled? Par t ia l ly  Yes Uncertain 

The key is explained a s  follows: 

Level of emission - 
Severe  - Emission is (1) l a rge  in volume, ( 2 )  detr imental  regard less  

of the volume, o r  ( 3 )  part icular ly  obnoxious with respec t  
to odor .  As examples:  (1) a large volume of emissions 
would be the iron-oxide fume generated in uncontrolled 
BOF operation, ( 2 )  detr imental  i n  small amounts would 
be applied to fluoride emiss ions ,  and ( 3 )  the evolution 
of hydrogen sulphide f r o m  quenched blast-furnace s lag 
would be an example of a par t icular ly  obnoxious odor.  

Moderate - Emission i s  (1) modest  in volume, ( 2 )  somewhat de t r i -  
menta l  regard less  of volume, o r  ( 3 )  slightly obnoxious o r  
disagreeable  with respec t  to odor .  As examples:  (1 )  the 
particulates generated during the quenching of coke, 
( 2 )  acid fumes  f r o m  part ia l ly  hooded pickling operations,  
and ( 3 )  benzol odors  downwind f r o m  a coke plant. 

Minimal - Emiss ion  i s  ( 1 )  a t  a low volume, ( 2 )  slightly detr imental  
when in l a rge  volumes,  but generally tolerable,  and 
( 3 )  any odors  c lassed  as a minor  nuisance.  As examples: 
(1)  par t iculates  generated during the indurating of pellets,  
and (2)  gases  f r o m  mold coatings during ingot pouring. 
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IS i t  controlled? - This factor  in the identification key i s  concerned with the 
apparent average f o r  the en t i re  integrated i ron and s t ee l  
industry.  

No - The industry on the average does not control emissions to 
the a i r  f r o m  the p rocess  o r  f rom the p rocess  segment.  

Par t ia l ly  - The s t ee l  industry generally does some control of emis -  
sions to the a i r .  

Yes - The p rocess  o r  p rocess  segment  usually appears  to be 
controlled adequately. 

Can it be controlled? - 
No - P r e s e n t  pollution-control technology is not adequate for  

successful  control.  

Par t ia l ly  - P r e s e n t  pollution-control technology has  some limitations 
that in te r fe re  with successful  control.  

Yes - Emiss ions  can be controlled with present  control-  
equipment and technology. 

Uncertain - Insufficient information available to determine if control  
is possible.  

It should be pointed out that under the fac tor  "Can it  be controlled? 'I, no p rocess  
o r  p rocess  segment is considered a s  absolutely uncontrollable with respec t  to emissions.  

P r io r i ty  f o r  the conduct of r e s e a r c h  and development was evaluated on the bas i s  
shown in Table VII-2. 
emission,  whether i t  i s  controlled, and whether i t  can  be controlled.  The f i r s t  pr ior i ty  
is f o r  p rocesses  o r  p rocess  segments having a seve re  level  of emissions,  no control  o r  
only par t ia l  control,  and the control technology is ,  fo r  prac t ica l  purposes ,  unknown o r  
only partially effect ive.  Second o r  third pr ior i ty  i s  determined on the basis  of emission 
level, with the s a m e  considerations f o r  control  and the possibility of control .  Any pro-  
c e s s  o r  p rocess  segment l is ted a s  controllable with respec t  to emiss ions  by u s e  of 
present  technology i s  not considered as an  appropriate  a r e a  f o r  r e sea rch  and develop- 
men t  act ivi t ies .  

The pr ior i ty  rating is based on a combination of the level of 

Ratings f o r  the var ious process  segments  considered in this study a r e  shown in 
Tables  VII-3 through VII-8. 
bas i s  of the indicated rat ings.  
follows: - part iculates ,  - gaseous,  and - ae roso l s .  

Research  and development pr ior i t ies  a r e  determined on the 
Emissions f rom the p rocess  segments a r e  designated as 
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TABLE VII-2. PRIORITY FOR RESEARCH AND 
DEVELOPMENT EFFORTS 

Level of Is It Can It  Be 
Emission Controlled? Controlled? Pr ior i ty  Rating 

E3 
Ea 

0 
0 
0 

1 

r I 
F i r s t  

Second 

Third 
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Ore 

Flux 

Coal 

VII-4 

T A B L E  VU-3. RESEARCH AND DEVELOPMENT EVALUATION FOR MAKING 
PELLETS AND FOR RAW-MATERIAL HANDLING 

Crushing and grinding 

Pelletizing 

Indurating 

Unloading - boat - coarse ore 

- fine ore 

- pellets 

Unloading - railroad - coarse ore 

- fine ore 

. pellets 

Transfer to storage - coarse ore 

- fine ore 

- pellets 

Blast-furnace limestone - unloading 
boat or barge 

- unloading 
railroad 

- transfer to 
storage 

Sinter-plant limestone - unloading 
boat or barge 

- unloading 
railroad 

BOF lime - unloading and transfer 
t o  storage 

Unloading - boat or barge 

- railroad 

Transfer t o  storage 

Process 

Process 

Process 

Wind 

Wind 

Wind 

Handling 

Handling 

Handling 

Handling 

Handling 

Handling 

Wind 

Handling 

Handling 

Wind 

iandling 

-landling 

dind 

jandling 

dind 

/ .: 
- 

c 
C 
C 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

I 

I 

I 

3 

- - 
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111-41, iV-9, A-3 

111-41, IV-9, C-10 

111-41, V-6. VI-29, 
VI-32, C-9 

111-41, 111-42, IV-6, 

c - 2  

111-41 

c -2 

c -2 

V - 1 .  A - 1 .  C-2 

C-2 

111-42 

111-42. IV-9 

111-42 

111-41, A - 4 ,  C-11 

C-13 

C-13 

A-4, C-13 

C-13 

C-13 

111-41, V - 1  

C-16 

C-16 

I 
I 
1 
I 
1 
1 
1. 
I 
1 
1 
E 
5 
I 
I 

1. 
r 
3 
I 
I 
I 
I 

a 
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Coke Plant 

VII-5 

TABLE VII-4. RESEARCH AND DEVELOPMENT EVALUATION FOR COKE MAKING 

~ ~~ 

Coal transfer - storage to coke plant 

Internal transfer to crushing plant 

Crushing and grinding 

Internal transfer to storage 

Coal transfer - storage to  larry car 

- larry car to coke oven 

Coking operation - oven 

- underfiring 

Pushing coke 

Quenching coke 

Transfer t o  storage 

Crushing and screening 

Coke-oven gas system 

By-product plant 

Wind 

Handling 

Process 

Handling 

Handling 

Handling 

Open oven 

Lids and 
door seals 

Fuel 

Abrasion, 
thermal 
draft 

Incomplete 
caking 

Thermal 
draft 

Handling 

Process 

Leaks 

Leaks 

111-41, V-2, Vll-12, 
A-4, C-16, C-26 

3 111-41, VI1-12, C-16 

111-41. 1 v - l o .  VII-12. C-16 

111-41. VII-12, C-16, 
C-26 

3 111-41. v-3, VII-12. 
C-16 

111-41, 1V-10. V - 3 ,  
VI1 -12 

V - 3 .  C-16 
111-41. 1V-10. I V - 1 1 ,  

V-2. VII-12, C-14, 
C-18, C-27 

C-18 111-41, V-2, V-31.  

111-41. 1V-10, V - 3 .  m VII-12, c - 1 9  

111-41. V-3. Vll-12 

111-41, V-4, C-20 

0 111-41, VlI-12. C-20 

111-41. VII-12, C-21 

0 v-4. VlI-12, 
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TABLE VII-5. RESEARCH AND DEVELOPMENT EVALUATION FOR MAKING 
SINTER AND MAKING IRON 

Crushing and grinding of materials 

Material transfer to sintering machine 

Ignition and sintering 

Cooling, crushing, and screening 

Transfer to storage 

Transfer - ore. sinter, pellets. flux 
and coke - storage to stockhouse 

Material transfer - internal stockhouse 
to skip hoist 

- skip hoist to blast- 
furnace top 

Ironmaking - chemical reactions 

- burden degradation 

- casting iron 

- flushing slag 

- slag disposal 

Process 

Handling 

Process 

Fuel 

Process 

Handling 

Process 

Process 

Chemistry 

Chemistry 

Chemistry 

E2 

Ea 

0 
E2 
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111-41, V-5, A-2. 
c - 5  

111-41, V-5, C-2 
v - 5 ,  v-33. VI-7. 

VI-15, VI-21, VI-29. 
VI-32. C-2, C-5 

I v - 5 ,  v - 3 3  

0 IC-2 

111-42 IV-11, IV-12, 
IV-13 ,  C-38 

111-42, C-38 

1111-42, c - 3 8  

111-42, V-6, VI-7. 
VI-16, A-9, C-30, 
C-39, C-43, C-41 

Ill-42, v-I. c - 4 3  

111-42, C-40 
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TA$l,E VII-6. RESEARCH AND DEVELOPMENT EVALUATION FOR MAKING STEEL AND POUNNG INGbTS 

Open-Hearth 
Steelmaking 

BOF 
Steelmaking 

Electric-Furnace 
Steelmaking 

Pouring Ingots 

Refractory maintenance 

Charging scrap 

Preheating and melting 

Hot-metal addition 

Oxygen lancing 

Tapping 

Charging scrap 

Charging hot metal  

Oxygen lancing 

Charging scrap 

Charging hot metal (if used) 

Melting 

Oxygen lancing 

Pouring without hot tops 

Pouring with hot tops 

Leaded steel additions 

Ingot stripping 

Handling 

Handling 

Material 

Fuel 

Chemistry 

Process 

Process 

Handling 

Handling 

Chemistry 

Process 

Process 

Handling 

Chemistry 

Process 

Process 

Process 

Oxidation 

Mold 
coating 

Process 

Material 

Material 

Material 

Process 

0 
0 

0 

0 

I7 

0 

0 
0 
0 
0 

0 
0 

0 
- - 
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v-11 

111-43. V-10. C-54 
111-43, V-10. V-38, VI-8. 
VI-18, VI-21, VI-26, VI-21. 
VI-28. A - 1 3 ,  C-62,  C-66 

111-43, V-10. C-62 

111-43. V-10. C-62 

111-43, V-11, C-64 

v-11 

v-12 

111-43, 1V-15. VI -9 ,  VI -11 ,  
VI-18. VI-26, VI-21. 
VI-28. A-16, C-66 

Ill-4.1, v-12 

111-43, V-12. C-69, C-IO, 
C-71, C - I 3  

V-12. C-70, C-13. C-17 

111-43. IV-16. I V - 1 1 ,  IV-18. 
V - 1 4 ,  VI-21, A-18. C-19. 
C-88 

111-43, c - 9 1  
111-43. V-14. VI-12, VI-20. 

VI-26. VI-21. VI-28. 
VI-29. c - 9 1  

111-43. C-83 

V-15. C-84 

111-43. 111-44. C-104. 
C-106 

V-12. A-24. C-I06 

V-12. C-106 

C-106. C-112 

C-106 

c -108  

C-108 
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' I  

Rolling Billets, 
Blooms. and 
Slabs 

Continuous 
Casting 

Pressure Casting 

Auxiliary 
Operations 

Conditioning 
Semifinished 
Products 

TABLE VII-I. RESEARCH AND DEVELOPMENT EVALUATION FOR PRIMARY ROLLING, 
CONTINUOUS CASTING, PRESSURE CASTING, AND CONDITIONING 

Maintenance - soaking pits 

Firing - soaking pits 

Charging and removing ingots 

Primary rolling 

Flow of molten steel into machine 

Torch cutoff 

Flow of metal  inta mold 

Flow of metal into hot top 

Torch cutting to remove riser 

Preparation of ingot molds 

Preparation of pressure casting mold 

Pigging of molten iron 

Grinding and chipping 

Spot scarfing 

Handling 

Fuel 

Process 

Oxidation 

Oxidation 

Oxidation 

Process 

Process 

Material 

Material 

Process 

Process 

Material 

Process 

Material 

Chemistry 

Process 

Process 

0 

0 

- - 

B A T T E L L E  MEMORIAL I N S T I T U T E  - COLUMBUS L A B O R A T O R I E S  

v-19 

:-no 

v-19,  c-112 

:-112 

:-113 

;-lo6 

1 
1 
1 
1 
I 
I 

I 
I 
I 
I 
I 
I 
f - 

a 



VII-9 

TABLE VII-8. RESEARCH AND DEVELOPMENT EVALUATION FOR NOT ROLLING, COLD ROLLING. COATING 
OF FINISHED PRODUCTS, WASTE INCINERATION, AND POWER GENERATION 

Finished 
Products 

Waste 
Incineration 

Power 
Generation 

Heating for rolling 

Hot scarfing prior to rolling 

Hot rolling 

Pickling for scale removal 

shotblasting for scale removal 

Cold rolling 

Hot galvanizing 

Electm-galvanizing 

Electro-tin plate 

Paint coating 

Plastic coating 

Disposal of in-plant generated wastes 

In-plant generation of electric energy 

Process 1f3 
Oxidation 

Acid mist 0 
Process B O  
Rolling oil 0 gTsB 
Cover f lux 0 
Cover flux 0 

!x o n  
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1-44, 111-45, 1V-23. 
V-41,  V-18 .  C-114 

1-44. V-18. V1-33, A-27. 
C-114, C-116, C-111 
1-45. IV-20. V-18, A-21, 
C-114, C-117 

1-23 .  V-18, C-117. C-118 

-115 

1-45, IV-22, V-18. C-117 

,1-45.1v-22. v -19 .  c - 1 2 1  

V-23, V-20, C-120 

11-45, IV-22. v-20 

11-45. 1v-22 

11-45. IV-22 

-28. A-29, C-124 
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F i r s t  Pr ior i ty  for  Research  and Development 

P r o c e s s  o r  process  segments rated to w a r r a n t  f i r s t -pr ior i ty  effor ts  a r e  char -  
acter ized by the following key designations: 

Level of Is It Can It Be 
Emission Controlled? Controlled? 

4 

Examination of the processes  in the tables shows the following to fall  into the 
f i r s t -pr ior i ty  classification: 

(1)  

( 2 )  

( 3 )  

(4) 

(5)  

( 6 )  Ironmaking - (a) casting iron, (b)  flushing slag,  ( c )  slag disposal 

(7)  Pigging of molten iron. 

Unloading and t ransfer  to s torage of fine o r e  o r  pellets 

Unloading and t ransfer  to s torage of coal  

Coke plant - oven charging (par t iculates  and g a s e s )  

Coke plant - pushing coke 

Sinter plant - ignition and f i r i n g  of s inter  

Second Pr ior i ty  f o r  Research  and Development 

P rocess  o r  process  segments rated to  war ran t  second-priority efforts a r e  char -  
acter ized by the following key designations: 

Level of IS It Can It Be 
Emission Controlled? Controlled? 
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Examination of the processes  in the tables shows the following to fall into the 
second-priority designation: 

(1) Unloading coa r se  o r e  

(2 )  

( 3 )  

( 4 )  

(5 )  

( 6 )  Preparat ion of ingot molds 

( 7 )  

Coke plant - gaseous emissions f rom lids and door seals  

Coke plant - particulates during quenching of coke 

Sinter plant - gaseous emissions f rom fue l  

Making iron - t ransfer  of bulk mater ia l s  f rom storage to stockhouse 

Gaseous emissions f r o m  in-plant generation of e lectr ic  energy. 

Third Pr ior i ty  for  Research  and Development 

P rocess  o r  process  segments rated to war ran t  only third-pr ior i ty  effor ts  a r e  
characterized by the following key designations: 

Level of I S  It Can It Be 
Emission Controlled? Controlled? 

0 
0 
0 

Examination of the processes  l isted shows the following to fall into the third- 
priority designation: 

( 1 )  Transfer  of coa r se  o r e  

( 2 )  Unloading and t ransferr ing of l imestone 

( 3 )  Coke plant - handling of coke 

(4) Coke plant - coke-oven-gas sys tem 

(5)  Sinter plant - t r a n s f e r  of s in te r  to s torage 

(6)  Making iron - charging f r o m  skip hoist to blast-furnace top 

( 7 )  Charging and removing ingots f r o m  soaking pits 

(8)  Prepara t ion  of pressure-cast ing molds.  
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Evaluation of Research and Development P r io r i t i e s  

The problems,  possible solutions, and implications of the changes that a r e  re -  

Making of coke is considered f i r s t  because it presents  major  problems 
quired and which may occur  as a resu l t  of r e s e a r c h  and development, a r e  discussed in 
Table VII -9 .  
requiring solution a t  three levels  of pr ior i ty .  
second because i t  a l so  presents  problems at all th ree  levels of pr ior i ty ,  but these 
appear ,  overal l ,  l e s s  s eve re  than those for  coke making. 

Sinter-plant operation is considered 

Coke Makine 

The unloading of coal f r o m  barges and movement of coal to the s torage a r e a s  p r e -  
sents a se r ious  par t iculate-emission problem because of the f ineness  of the coal dust  and 
the ease  with which it can become a i rborne  once i t  is in a stockpile. 
erat ion can possibly be improved by the development of continuous bucket unloaders that 
would t r a n s f e r  the coal to shrouded conveyor bel ts  f o r  t ranspor t  to s torage a r e a s .  Such 
an approach would keep the par t iculates  contained, but in all probability the shrouded 
conveyor bel ts  would a l so  have to be hooded and exhausted to remove any airborne p a r -  
t iculates f r o m  the sys tem.  If this were  not done, excessive wear  of the conveyor-belt 
ro l le rs  would probably occur ,  with resulting high maintenance cos t s .  This type of sys -  
tem would a l so  have a tendency to r e s t r i c t  the expanse of s torage space .  
additions a t  the f i r s t  t r ans fe r  point, which would be  stationary,  should tend to minimize 
dus t  generation a t  subsequent t ransfer  points. 

The unloading op- 

Moisture 

The containment of coal  in the stockpiles and prevention of coal  dus t  f rom becom- 
ing a i rborne  is a ser ious  problem. Attempts have been made  to keep dus t  down by 
mois ture  additions to the pi les ,  as well as by spraying the piles with plastic f i lms .  
Neither method has  proved to be sat isfactory.  
would be one that would keep a protective f i lm over  the stockpile, would hea l  itself if 
broken, would not be detr imental  to the crushing, grinding, and coking of coal, and 
could be used to control  the bulk density of the coal .  

An ideal additive to the coal stockpiles 

The t ransfer  of coal f r o m  storage to the coal-grinding plant is a problem s imi l a r  
to that of unloading and t ransfer  of coal to stockpiles.  
resor ted  to a reclamation sys tem that uti l izes underground sys t ems  to recover  the coal 
f r o m  the stockpiles,  thereby eliminating the problem of agitating the coal  pile.  

The Japanese have reportedly 

Par t icu la te  emissions f r o m  the crushing, grinding, and t ransport  of coal to the 
s torage bins above the l a r r y  c a r s  usually a r e  under  control,  and particulate emiss ions  
f r o m  this source  should not be present .  Grinding mi l l s  and conveyor sys t ems  can be 
serviced with efficient emission-control  equipment.  
because any los t  dust  would mean a loss  in yield fo r  each ton of coal ground, with an 
attendant increase  in the cost  of coke. 

The recovered coal dust  is a plus, 

Charging of the coke ovens f rom the l a r r y  c a r  i s  a pers i s ten t  problem, and one of 
constant concern to the coke-oven opera tor .  
operation, with the resu l t  that dus t  which becomes a i rborne  inside the coke oven due to 
the thermal  d ra f t  finds an easy path to the a tmosphere  via any of the open por t s .  
stant maintenance of automated lid-lifting and closing equipment and rapid charging 
have been the major  means  of minimizing emiss ions  f rom this source .  The new 

All l i d s  m u s t  be open during the charging 

Con- 
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TABLE Vil-9. ANALYSIS AND POSSiBLE SOLUTiONS TO COKE-PLANT AIR-POLLUTION PROBLEMS 

- 

Pracerr and 
Technological Equipmrnr Pactom 

Possible Solution Advanrages Diiadvaniagel Rcquicing Solution Process segment Problem 

Making cohe lnlufficienl EOnIml of 
pariicuiaie and gar- 
eo"$ emiftiom 

P.rIicYlale emiilionl 
caused by clam-shell 
unloading. free-fall 
dumping. and wind 

Parti~ulale  emillions 
caused by car dumping 
or ballom dumping 

Complete e n ~ i o i ~ i e  and 
building v e n ~ i l a i i ~ n  

Cenrialized conlml a n d  
exhaurring of emisions 
Io allowable limits 

Contain and minimize 

Permit all-wearher 
pa*iC"lale3 

operation 

contain and minimize 
paIIiC"lSle3 

Create indullrial hygiene Design. w n i t r ~ ~ ~ l n n .  

Poirible explosion hazard hygiene problems 

Restrict area of operation 
and extent of $tocage 

pmblemr rafery. and industrial 

Design and conifiuction 

area 

Unloading o i  coal 
fmm barge3 and 
rrnnrier IO Itorage 

Continuou~ bucker un- 
loading and dirchargo 
to shrouded bclr 

Enclolure and exhaust- 
ing o f  car-dumping 
or bottom-dumping 
area. and shrouded 
belt 10 storage 

U n k n O W  storage of coal P.,IIC"i.I. emisionl 
gememred by wind 

PalIiCulate emillionl 
generaled by ciam- 
shell recovery and 
free-fall loading of 
can 

Pariicuiare and gareauc 
emiuimi generated 
during charging 

Retemion of parricu1are3 
in "Orage pile, 

Extenlive rebuilding of 
coal-storage faciiiiief 

Design and ~ o n ~ l i ~ ~ l i o n  Transfer of coal 
imm irorage IO 
c o d  crushing and 
grinding plant 

Coke-oven charging 

Underground recovery 
and conveyor rranrier 
10 grinding planr 

Minimize or even elim- 
inare emiiiioni due IO 
wai recovery 

Double arp irahn  

Shrouded charging 
line, 

piper and col le~t ion 
equipment on 
1arry Car 

Pipe-line charging 

improved maintenance 
lmpmved design in 

Lids. reair. a d  doors 

Hooded exhaus! over 
purh side 

Reduce emirriom during 

Reduce emiiiioni during 
charglng 

charging 

Eliminate embLi0nt 

Reduce emiiiioni 
Minimire emirrim 

U " h W "  New chaglng melhodf 

Possible explorion or 
fire hazard 

Leakage of gaseous 
emiriions around 
doors. seals. and lid3 

Pamicuiace generated by 
abrasive m i o n  of coke 
on oven brick. and 
fhamai  draft causing 
diipcnian of prnicu- 
laICS 

Design. w ~ l r u C l i O n .  
and mainienance 

calung 

Pushing of cohe Conisin and exhruir 
paniculate and gat- 
eo"$ emirrionr 

Reduce I e m p e i d t u ~ ~  of 
the cohc s i  it if 
pushed. reduce the 
intenrity of the ther- 
mal draft. and mini- 
mize dlsperrion of 
particdates 

Reduce particulate% 
Minimize 01 even elim- 

inate particulate9 

Minimize leakage 

Minimize Or even e l im-  
inate Ivlfur oxide due 
IO burning of coke- 
oven gar 

Reduce emirriow 

Possible interference 
with pwhing operation 

Poiiible inierfeiencc 
with pushing operarioni 
and create a rifery 
pmblem 

Method andfor equip- 
ment for c'p'"""g 
and collecting 
emiliionf 

and paniculate 
emirrion 

Mechanics of quenching Fine spray nozzies to 

spray cohc and re- 
duce tempcrarure 

ouonching of coke Emission of parliculalei 
during tho quenching 
of hot coke 

Leahage of gas 

High H+ conlenc in 
coke-oven gal 

Use of baffles 
Redesigned quench 

tower 

improved gar-plant  

Develop economical 
WmpO"c"C$ 

method of removing 

H2S 

Design and maintenance 

By-producr re- 
C0"ry piant 

Making cohe 

Leakage oigar and 
.C,DIOI1 

iniuificie", control o i  
pmiculrre and gar- 
eow emirrionr in  
pcerenr cake plants 

Lmpmved by-pmducl- 
plant COmpOnCnll 

Develop "<W cokc- 
making process 

Design and mainlenance 

Eliminate emirlions New proces and 
equipment 
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European l a r r y  c a r  which exhausts the emiss ions  into a sc rubber  sys t em located on the 
l a r r y  c a r  has not been fully successfu l  because of f i r e  and explosions which have r e -  
portedly occur red  in two Canadian installations. a'' It has been reported that cooperative 
work among seve ra l  s tee l  companies on the improved l a r r y  car-emission control sys t em 
has been somewhat successful.  Details a r e  not ye t  available, but a r e  expected to be dis- 
closed to NAPCA soon, probably by the AISI, which has informally expressed  i ts  inten- 
tion to request r e s e a r c h  funding f r o m  NAPCA on this subject. 

An American company (Allied Chemical Corporation, Wilputte Division) that de- 
signs and builds coke ovens has  under development a method of preheating coal followed 
by charging into the coke oven by means of a pipeline system. The developers feel that 
the method will control completely the emissions of particulates and gases to the atmo- 
sphere  during charging. The company is installing the sys t em on a commerc ia lba t te ry  
of coke ovens of i ts  Semet-Solvay Division a t  Ironton, Ohio. 
not yet been re leased  by the company, but is  expected to be re leased  soon. 
mercia l  installation probably will be operational about mid-1970, unless unexpected dif- 
ficulties a r e  encountered. 
t e m  mus t  await operation on a commerc ia l  scale .  

Fur ther  information has 
The com- 

Assessment  of the advantages and disadvantages of the sys -  

Leakage of gaseous emissions around the l ids ,  doors,  and seals  is a problem that 
As coke ovens become older,  the can be minimized only through constant maintenance. 

leakage problem becomes aggravated. Coke-plant-construction companies have been 
working on the development of improved designs,  but under  the conditions imposed by 
the coking process ,  there  has not  yet been a substantial re turn  on the effort  put into 
this pa r t  of coke-oven construction. 

Pushing of coke resul ts  in Particulates generated by the abras ive  action of the 
stove r e f r ac to r i e s  on the coke as i t  is pushed f r o m  the oven. The thermal  draft  c rea ted  
by the exposure of the hot coke to the atmosphere c a r r i e s  the particulates into the atmo- 
sphere .  
continent, but none have operated successfully. 
operation between the coke oven and quench c a r  m a y  be a means of reducing the temper-  
a tu re  of the coke, and thereby reducing the intensity of the thermal  draft .  

Various types of hoods and exhaust s y s t e m s  have been t r ied on  the European 
The possibility of a prequenching 

The quenching of coke is  a lso a source of particulates;  installation of baffles in the 

Another subject of r e sea rch  could con- 
quench tower has reduced this emission f r o m  6 0  to 80 percent. 
c a r r i e d  out on this aspec t  of particulate control. 
ce rn  i tself  with new designs f o r  quench towers  that would be a combination of quench 
tower and hea t  exchanger to (1)  prevent the s t e a m  generated f rom going into the atmo- 
sphere,  and ( 2 )  contain the particulates within the r e s t r i c t ed  a r e a  of the quench tower 
itself. 

Fu r the r  work is being 

New coking p rocesses  have been under  development for  many yea r s ,  but none have 
However, the fact  that the been able to compete with the existing by-product coke plant. 

coke by-product m a r k e t  has to a g rea t  extent been usurped by the petrochemical industry, 
and marke ts  for coal by-products have deter iorated,  the attraction of the by-product 
coke plant has diminished. Coking processes  that do not recover  the by-products a r e  of 
considerable in t e re s t  in the integrated i ron and s t e e l  industry today, and a number of new 
coke-oven installations m a y  in the future dispense with much of the by-product recovery  
that has been traditional until now. 

*This reporr has no1 heen confirmed. 
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When new coking processes  are  developed, evaluation of them and of the usefulness 
of the metallurgical coke they produce i s  usually hampered by two facets of scale .  F i r s t ,  
the coking pilot plant often is too small to produce la rge  amounts of coke for  commercial-  
scale evaluation, and second, the integrated s tee l  industry includes only extremely l im-  
ited capability to evaluate the performance of the new coke sufficiently to qualify it fo r  
acceptance on a commercial  scale .  Without such acceptance, it usually is impract ical  
to authorize construction of a multimillion dollar coking plant based on a new process .  
The blast-furnace operators  usually a r e  not satisfied with anything l e s s  than fill-scale 
evaluation of a new coke. Experience has shown that such a tes t  mus t  be ca r r i ed  out fo r  
a minimum of 1 week to provide valid resu l t s  for  comparison to existing practice.  This 
means that a blast  furnace producing 2000 net tons per  day of hot meta l  at a coke ra te  of 
1200 pounds per  net ton requires  1200 net  tons of usable coke p e r  day, which is 8400 net  
tons for  the complete test .  
quirements.  An experimental  blast  furnace operated by  the Bureau of Mines was avail- 
able for  such tes t s  and required only about 300 tons of coke to c a r r y  out the required 
trial. 
declared surplus .  
furnace suitable for such evaluations - the furnace owned by United States Steel.  

Pilot  facil i t ies a r e  seldom i n  a position to supply such r e -  

Unfortunately, this furnace is no longer operative,  and probably will soon be 
This will leave in  the United States only one smal l  experimental  blast  

Fo r  about a decade o r  more ,  the FMC Corporation has had under development a 
new process  for  making coke, and a t  various t imes has operated a pilot plant a t  
Kemmerer ,  Wyoming, to produce their  FMC coke. 
process  involving fluidized beds and briquetting. 
a s  a reducing agent in  phosphorus furnaces  - an  application l e s s  demanding than the 
blast  furnace i n  t e rms  of mechanical strength of the coke. Recognizing the need fo r  
new methods to produce coke fo r  b las t  furnaces ,  United States Steel  cooperated with 
FMC to manufacture some metallurgical coke by this process  and evaluate i t  in one of 
the smal l  experimental  b las t  furnaces.  The resu l t s  were reasonably good, but were  not 
sufficiently convincing with respect  to  per formance  and cost to encourage U.S .  Steel  o r  
other s tee l  companies to invest  the much l a r g e r  amounts of money needed to expand this 
evaluation to a l a r g e r  scale .  
but there  a r e  today unconfirmed rumors  that  some thought is being given to reopening of 
that plant for  purposes that a r e  unknown a t  this t ime. 

This coke is made by a continuous 
One application of the coke has been 

Subsequently the Kemmerer  pilot plant was closed down, 

At l ea s t  one American coal company (probably two) have developed new methods 
for  making coke or char  on a continuous bas is  under conditions that a r e  thought to con- 
t ro l  emissions much be t te r  than those f o r  conventional coke ovens. Island Creek  Coal 
Company is thought to have a process  that might be of in te res t  fo r  application to the s tee l  
industry, but l i t t le  is known about this process  a t  the present  t ime. The activities of 
Peabody Coal Company along these l ines a r e  of m o r e  in te res t .  
that involves pre t rea tment  of coal on a trgveling gra te  in a dutch oven, followed by  
t reatment  in a shaft furnace. The coke is self-agglomerating during the process  (like 
coke in  a conventional oven), r a the r  than briquetted as  is done for  FMC coke. 
put t ime is understood to be between 1 and 2 hours ,  ra ther  than about 16 hours a s  in a 
conventional oven. Peabody installed in 196 1 a demonstration plant ra ted a t  100 tons 
per  day at Columbia, Tennessee; they use  the plant for  process  development and sel l  
the coke fo r  chemical purposes in the vicinity. 
a metallurgical grade,  but it  is  understood that some work was done on blast-furnace 
coke. 
furnace tes t s .  
Chemical Company built a plant in 1966 at Decatur,  Alabama. 
500 tons p e r  day; and the coke is used as a reducing agent in phosphorus furnaces.  

Peabody has a process  

Through- 

Most of this coke was not intended to be 

The resu l t s  appeared good to Peabody, but have not been evaluated by blast-  
The process  looked good enough for  some purposes that Monsanto 

This plant is ra ted  a t  
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Making Sinter 

. Prob lems ,  possible solutions, and implications of changes in sinter-plant opera-  
tions a r e  given in Table VII-10. 
the operation of a s in te r  plant, because each  of the various p rocess  segments  that a r e  
included in  the over -a l l  operation has its own part icular  air-pollution problem that mus t  
b e  handled. Sinter  plants will undoubtedly be in use  for  many yea r s  to come, i f  f o r  no 
o ther  reason  than to recover  the iron values that a r e  generated a s  dusts in steelworks 
operations.  

Particulate and gaseous emissions a r e  a problem in 

Crushing and grinding operations assoc ia ted  with the preparation of mater ia l s  for  

The t r anspor t  of mater ia l s  to and f r o m  sintering plants falls into 
sintering a r e  straightforward, and particulate emiss ions  can be controlled with presently 
available equipment. 
the s a m e  category. The a r e a s  of major  importance in minimizing emissions is in  the 
ignition and sintering operation of the s inter  s t rand.  Particulates a r e  drawn f r o m  the 
s in te r  bed by the strong a i r  flow required by the sintering operation. 
used to make the s inter  is  coke in the f o r m  of f ines .  The sulfur content of the coke is 
a major  source  of sulfur emiss ions  to the atmosphere.  Coke is .the usual fuel i n  this 
par t icular  application, because the coke fines a r e  to a g rea t  extent generated during 
the crushing and sizing of the coke for  b l a s t  furnace use.  The fines a r e ,  therefore,  
available a t  a reasonable cost for  the production of s inter .  Major problems exist  in the 
development of existing air-pollution control equipment to handle high-lime particulates 
that a r e  generated in the production of highly-fluxed s in te rs  required to meet  increased  
demands for  higher blast-furnace productivity. Wet scrubbers  offer a possible solution 
to the recovery  of the high-lime particulates,  as do bag houses. 
offer the possibil i ty of recovering the sulfur  g a s e s ,  because the l ime content of the p a r -  
t iculates may act  somewhat a s  a scavenger for  the sulfur  dioxide. 
could be explored a s  a combined method for recovering particulates and sulfur gases in 
the same  equipment. 
duced into the water  to improve the recovery  of sulfur  dioxide by  the l ime.  Particulates 
generated during cooling, crushing, and screening of the s inter  can be handled by exis t -  
ing air-pollution control equipment, and probably do not requi re  fur ther  development in 
their  application. However, all of the foregoing depends to a considerable degree on 
bet ter  knowledge of the nature and character is t ics  of particulates and gases evolved f rom 
sintering plants. Therefore ,  the f i r s t  s tep in fur ther  r e s e a r c h  aimed at  bet ter  control of 
emissions f r o m  sintering plants is improved characterization of the amount and nature of 
the emissions.  This improved characterization will require measurement ,  sampling, 
analysis ,  and evaluation of emissions f r o m  seve ra l  sintering plants being operated on a 
commerc ia l  scale.  

The p r i m a r y  fuel 

Wet scrubbers  also 

The possibilities 

Work also is advisable to de te rmine  i f  other additives can be intro- 

Raw Material  Storage and Handling 

P rob lems ,  possible solutions, and implications of change in the handling and 
s torage  of the vas t  amounts of raw mater ia l s  requi red  in making i ron and s teel  a r e  
given in Table VII-11. 
ation of particulates during the handling of raw ma te r i a l s  f r o m  receiving to final t r a n s f e r  
for processing is  a never-ending air-pollution problem. 
f r o m  the s torage  piles due to d r y  and windy weather conditions. The more-apparent  
solutions such as complete enclosure and underground recovery sys tems a r e  certainly 
technically feasible,  but appear to be economically impractical  a t  this point in time. 
Resea rch  and development may fruitfully be c a r r i e d  out to produce some type of wetting 

The problem h e r e  is one of the mos t  difficult to solve. Gener-  

Particulates become air-borne 
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TABLE VII-IO. ANALYSlS AND POSSfBLE SOLUTlONS TO SJNTER-PLANT AIR-POLLUTION PROBLEMS 

Proces and 
Technological Equipment Factors 

Pmces Segmenr Problem Posible Solution Advanrages Disadvantages Requiring Solution 

Making $inter 
I 

Crushing and 
grinding 

I' Transport to 
sinrer strand 

lnrufficienr control 
of particulare and 
gaseous emisions 

Collection of iron 
oxide. limestone 
and cake dust 

lmn oxide, limestone, 
and coke dum gener- 
ared at transfer points 

ignition and t sintering 
Iron oxide. limertone. 

and lime dum 

Cooling. crushing. 
and screening 

Sulfur dioxide gener- 
ated by burning coke 

Generation of 
particulate3 

Generarion of 
parridares 

Complete enclorure 
and building 
evacuation 

use of water sprays 
and detergents at 
transfer points 

Complete enciorure 
and evacuation of 
transfer system 

Ducted control of 
cornburtion air to 
strand 

Oxygen enrichment 
of cornburtion air 

Reduce sulfur content 
of coke 

Wet  recovery Eyrrem 
with addirives to 
combine with SO2 

with additives rhar 
combine with SO2 

Can be controlled by 

Fabric collectors 

application of exin- 
ing equipment 

Enclosure and evacu- 
a m "  of rranrfer 
system 

Centralized conrml 
and exhausting of 
emissions to allow- 
able limits 

Minimize generation 
of particulates 

Collection of parrieu- 
lace$ 10 allowable 
limits 

Posible reduction of 
the volume of air 
handled with re- 
sulting increased 
collection efficiency 

Furrher reduction in 
volume of air handled 
and further improve- 
ment in collection 
efficiency 

Corresponding reduc- 
tion in  SO2 

Minimize or eliminate 
SO2 emisioni ro 
atmosphere 

SO2 emissions fo 
armorphere 

Minimize or eliminate 

Eliminate paniculare 
emi6iions 

Limited access for 

Industrial hygiene 
maintenance 

problem for working 
personnel 

Acrual 1e"el of CO"t1Ol 

subject IO variation 

Creates secondary dust- 
handling problem 

Residct direct observation 
of sinter strand-probably 
require remote 
monitoring 

Increase maintenance 
requirements 

Space restrictions 
around sinter strand 

NO known method for 
reducing sulfur in 
coke 

Corrosion reiisianr 
materials required 

Ciwe control required 
to monimr additions 

Increased maintenance 
problems 

Design. conytruclion. 
and maintenance 

Industrial hygiene 
problem 

Design, C O ~ E L T U C ~ ~ O ~ .  

and maintenance 

Redesign of rinrer 
Itrand 

Effect of oqgen enrich- 
ment on process 

Reduction of sulfur 
in coal used to make 
C O k  

removal 
Mechanism of SO2 

Mechanism of SO2 
entrapment 

Design and construction 

Design. construction. 
and maintenance 

I 
I 
I 
I 
I 
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agent that will minimize the generation of a i r -borne  particulates during s torage  and 
handling. Fortunately, gaseous emissions a r e  not a problem during handling and s to r -  
age, except for the handling and storage of blast-furnace slag, which is a special  prob- 
l e m  now receiving r e sea rch  attention by the AJSI, and which is  discussed in  the next 
paragraph under "Iron Making". 

Iron Making 

Problems,  possible solutions, and implications of change for emissions generated 
during the making of iron a r e  given i n  Table VII-12. 
deserving of attention i n  the making of iron a r e  (1)  the generation of hydrogen sulfide 
f rom the quenching of slag,  and ( 2 )  improved methods f o r  the control of "kish". 

The mos t  pressing problems 

Some re sea rch  has been conducted on the mechanisms controlling the generation 
of hydrogen sulfide f r o m  quenched blast  furnace  slags. 
f rom solved, partially because of the l imited funding that has been available to c a r r y  out 
the r e sea rch ,  F u r t h e r  r e s e a r c h  is required on rapid analytical methods for  determining 
the concentration of hydrogen sulfide in  the a i r ,  as well a s  continued work to fur ther  
investigate the mechanisms of formation and possible methods for  control. 

However, the problem is f a r  

The evolution of "kish" during the cooling of hot metal  i s  a pers is tent  problem i n  
the handling of hot metal. The g reasy  platelets of graphite a r e  difficult to collect and 
equally difficult to remove f r o m  collecting equipment. The only available solution 
appears to involve hooding of the a reas  where kish is  evolved, and connection of these 
hoods to high-velocity ducts connected in turn to particulate-collection equipment. 
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APPENDIX A 

PROCESSES IN THE INTEGRATED IRON AND STEEL INDUSTRY 

Because the manufacture of many products depends on the use  of steel ,  the iron and 

The production of s teel  consists of making metallic i ron  f r o m  i ron  o r e s ,  con- 
steel  industry h a s  grown to be one of the l a rges t  basic industries in the United States and 
the World. 
verting the i ron  into steel ,  casting the molten s teel  into shapes that a r e  solidified, and 
then fur ther  processing of the solid shapes into semifinished products such a s  sheet, 
str ip,  ba r ,  rod, plate, slab, billet, bloom, o r  ingot. The following section provides a 
description of the various p rocesses  involved in  the production of steel .  

Manufacture of Iron and Steel 

The principal steps in the manufacture  of iron and s teel  a r e  (1) preparation of 
raw mater ia ls ,  ( 2 )  making iron, (3) making s teel ,  (4) casting of steel ,  ( 5 )  rolling into 
semifinished products,  and (6 )  manufacture of finished products. Some of the descriptive 
mater ia l  in this section is taken f r o m  the work of J. J. Schueneman, et  al. (1)''' F o r  more  
detailed descriptive information on the various p rocesses ,  it is  recommended that such 
well-established re ferences  such as "The Making, Shaping and Treating of Steel"(2) be 
consulted. 

Preparation of Raw Materials 

The major  raw ma te r i a l s  used in the production of iron a r e  iron o re  ( o r  agglom- 
e ra t e s  such a s  pellets and s inter  made f rom o r e s ) ,  limestone, coke, air, and energy 
in the f o r m  of heat. One factor  that contributes to the economy of the integrated p r o -  
duction of iron and s tee l  is that gases produced in the making of i ron and coke f r e -  
quently are used  to  mee t  other energy requi rements  in the plant. 

Iron Ore.  P r i o r  to the end of World War 11, the United States i ron and s t e e l  
industry was essentially self-sufficient in high-grade iron o r e s .  
the high demand f o r  steel ,  these high-grade o re  deposits were depleted. 
instituted r e s e a r c h  to develop methods of utilizing low-grade taconite o r e s  f o r  blast-  
furnace use.  
ficiated burdens in  blast  furnaces .  
charged to blast  furnaces in the United States in the period f r o m  1957 to 1966 is shown 
in F igure  A-1. 
million net tons":": of iron o r e  and recycled mill scale and dust in the making of pig 
iron. ( 3 )  
about 97 million net tons, and the remaining 39 million net tons was in the f o r m  of 
lump ore,  mos t  of which was imported.  

However, because of 
The industry 

These developments were instrumental  in the adoption of highly bene- 
The change in the makeup of iron constituents 

During 1967 the i ron  and s tee l  industry consumed a total of about 136 

Agglomerated ma te r i a l s  such as pel le ts ,  s inter ,  and briquettes accounted f o r  

.References for this appendix are given at the end of Appendix A. 
Wet ion = 2000 pounds. 
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FIGURE A-1. CHANGE IN BURDEN CHARACTERISTICS FOR 
UNITED STATES BLAST FURNACES 

V e r y  l i t t le crushing and grinding of o re  is done a t  the blast-furnace plant. 
Usually the only crushing and grinding located at the steel-plant si te is associated with 
sinter-plant operations.  
grade o res  a r e  crushed and sized at the mines within very na r row size ranges f o r  
shipment to the blast-furnace plants(4).  
p rocessed  fur ther  and used in the production of pellets near  the mines a r e  shipped to 
steel  plants for use  in  the manufacture of s inter .  

Pel le ts  a r e  made in plants located at  the mine s i tes .  High- 

Fine ma te r i a l s  that cannot economically be 

Sinter.  Sintering plants a r e  designed to convert iron o r e  fines and blast-furnace - 
flue dust into a product more  acceptable for charging into the blast  furnace.  
achieved by burning a mixture  of ore-bearing fines plus a fuel consisting of coke dust or  
coal. 
ciple of sintering is  to supply jus t  enough fuel to the ma te r i a l  to be s intered so that a 
sticky m a s s  will be produced, but the ma te r i a l  will  not be melted sufficiently to run. 
The bed is fo rmed  on a slow-moving grate  composed of receptacle e lements  with p e r -  
forated bottoms, known a s  pallets.  
o r  linked ar rangement  compr i se s  an endless me ta l  belt with large sprockets at either 
end. 
in  the charge to its kindling tempera ture ,  after which the down draft  of air through the 
bed keeps it  burning. 

This is 

The pr in-  Combustion air is  drawn through the flat porous bed of the mixture. 

The assembly  of such pallets end to end in a hinged 

The ignition furnace is either gas o r  oi l  f i red ,  cnd its purpose is to bring the fuel  

The s intered ma te r i a l  is dumped f rom the grate as it  p a s s e s  over the head 
sprocket upon a screen,  the undersized ma te r i a l  becoming the re turn  fines, and the 
oversized mater ia l ,  which is s t i l l  a t  a red heat in the center ,  passing to a s inter  
cooler.  
s inter  is deposited while cool air is blown through louvers located in  the apron o r  grate.  

The cooler can be a large rotating apron o r  a l inear grate upon which the 
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As the cooler reaches a cer ta in  position, s ta t ionary sc rape r  b a r s  push  the s inter  off 
the apron into c a r s  o r  conveyors. 
Figure A-2.  

A s in te r  plant is i l lustrated schematically in 

FIGURE A-2. SINTER PLANT 

Modern sintering plants have capacit ies ranging f rom 2000 to more  than 6000 tons 
One plant of the la t te r  capacity has  a s inter-bed width of 12 feet  and 

In 1967 a total  of about 51 million net tons of s inter  were 
of s inter  p e r  day. 
a bed length of about 150 feet .  
made in the United States for u se  in  the blast  furnaces .  
this s inter  was made within the pe r ime te r  of blast-furnace plants .  In contrast  to f i red 
oxide pellets (which a r e  very  strong),  s in t e r  is relatively friable and does not stand up 
well physically during shipment for long dis tances .  

By far the l a rges t  portion of 

Oxide Pe l le t s .  The recovery of the i ron  components f r o m  taconite o r e s  can only 
be done if the o re s  a r e  ground to a ve ry  fine powder. 
centrates  was unsuitable a s  a method of agglomeration, so extensive efforts were 
directed toward the development of pelletizing p rocesses  to agglomerate the concen- 
t r a t e s  into useful s i z e s .  
into operation by the Reserve  Mining Company in 1955. 
making capacity in the United States in 1968 was 56. 3 million net tons.  

Sintering of the fine taconite con- 

The f i r s t  successful  commerc ia l  pelletizing plant was placed 
The est imated annual pel le t -  

The pelletizing p rocess  was originally developed to agglomerate the fine magnetite 
concentrates ,  but since i ts  init ial  development the p rocess  has been used f o r  the 
hematite o r e s  a s  well. The p rocess  consis ts  of two main  operations:  
fine concentrates into damp balls of a suitable s ize  (much like making a tiny snowball), 

(1) rolling the 
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and ( 2 )  drying and f i r ing the balls to make hard pellets.  The pellets made a r e  roughly 
spherical  in shape and about 1/2 inch in d iameter .  The types of equipment f o r  making 
the balls and f o r  hardening them vary f r o m  plant to plant. 
such as used a t  the Empire  Mine in Pa lmer ,  Michigan, is i l lustrated in Figure A-3(5). 

One type of pellet plant, 

&.-- 

FIGURE A-3. GRATE-KILN PELLETIZING PLANT AT THE EMPIRE MINE 

Limestone and Lime.  Limestone (commerc ia l  CaC03) is the major  fluxing ma te -  
r i a l  used in producing metall ic i ron in a blast furnace.  
hcar th  furnaces .  The major  ro le  of limestone is to  flux si l ica  from o r e s ,  and to com-  
bine with sulfur  to lower the sulfur content of the i ron  o r  s teel .  To reduce the amount 
of energy required to achieve the desired chemical reactions in the making of iron and 
s teel ,  technologists have adopted the use of burnt l ime (commercial  CaO) as an additive 
in many steelmaking processes ,  but not in the blast-furnace process .  

It is a lso used in some open- 

Limestone is crushed and screened to the des i red  s ize  a t  the quar ry  si te and only 
the cor rec t ly  sized stone is shipped to the blast-furnace plants.  
prepared,  usually a t  the quarry,  by calcining the l imestone to produce a high-quality 
l ime f o r  use in basic oxygen furnaces ,  open hear ths ,  and e lec t r ic  furnaces .  There a r e  
about eight different processes  f o r  making l ime f o r  use in the s teel  industry. (6) Many 
s tee l  companies have their  own limestone quar r ies  and related lime-producing facil i t ies,  
while others  purchase their  requirements  f r o m  commerc ia l  opera tors ,  

Burnt l ime is also 

Coke, Coke, the chief fuel used in blast  furnaces ,  is the residue af ter  distillation - 
of cer ta in  grades of bituminous coal. 
and ( 2 )  the recuperative o r  by-product oven. 
coking process  consists mainly of driving off cer ta in  volatile mat te r ,  leaving in the 
residue a high percentage of carbon mixed with relatively small amounts of impuri t ies .  

It is made in two types of ovens: (1)  the beehive, 
In e i ther  type of oven, the distillation o r  

The beehive oven is the older of the two types of oven, and on a national scale  is 
unimportant in comparison to by-product ovens. 
a r e a s ,  however, beehive ovens can be a mat te r  of local concern.  
and s tee l  works has  nearly disappeared, although a few a r e  used occasionally during 
t imes of maximum s tee l  production when supplies of by-product coke may be in shor t  

On a local scale  in severa l  small 
Their use  a t  i ron 
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supply a t  the blast  fu rnaces ,  
has  a f la t  f loor sloping slightly toward the f ront .  In the roof is an opening through which 
coal is charged and the products of dist i l lat ion and combustion escape .  
f ront  permi ts  both the regulation of the amount of a i r  admitted during the coking p r o c e s s  
and the discharge of the coke a f t e r  the p rocess  has  been completed. 
oven is about 12 feet  in d iameter  by 8 f ee t  high, and will hold about 6 . 5  tons of coal.  
It is insulated with loam o r  clay to prevent  loss  of heat.  

The dome-like s t ruc ture  is built of re f rac tory  br ick .  It 

A door in the 

A typical beehive 

Beehive coke ovens a r e  operated continuously to conserve the heat that has  been 
absorbed by the oven r e f r ac to r i e s .  The ovens a r e  charged a s  soon as pract icable  a f t e r  
the coke f r o m  the previous cycle has  been removed o r  "drawn" f r o m  the oven. 
heat s tored in the oven r e f r ac to r i e s  is enough to s t a r t  the coking cycle for the following 
charge of coal.  
charged into the oven through a n  opening ("trunnel head") in the top of the oven. 
the total charge is in  the oven, the coal is leveled to provide m o r e  o r  less uniform 
treatment  of the coal.  
p rocess  very soon af te r  the charge has  been leveled. 
dr iven off by the heat and s t a r t s  to burn, thereby providing more  heat  to continue the 
coking p rocess .  
The ra te  of evolution of volatile ma te r i a l s  and their  subsequent combustion is controlled 
by regulating the amount of a i r  entering through the opening in  the oven door ,  After the 
coking p rocess  has been completed, the door is opened by removing the sealing br ick-  
work, and water  i s  sprayed over the coke to  quench o r  "water it out". 
a r e  not recovered in the beehive p rocess .  Beehive ovens a lmost  invariably a r e  
located in  coal f ie lds;  not within the p e r i m e t e r s  of integrated s t ee l  plants .  

The 

The door to the beehive oven is par t ia l ly  bricked up and the coal 
After 

The heat  s tored in  the oven r e f r ac to r i e s  s t a r t s  the coking 
Volatile ma t t e r  f r o m  the coal i s  

Coking takes place f r o m  the top to the bottom of the coal in the oven. 

By-products 

In the by-product coking process ,  coal is heated in  the absence of a i r .  
t i le mat te r  is not allowed to burn away, but is piped to special  equipment that ex t rac ts  
its valuable ingredients.  After  the extract ion p rocess ,  some of the gas (heating value 
about 550 $tu per  cubic foot) r e tu rns  to  the ovens for  use  in  heating the cokingxhambers  
and for  heating in  other p rocesses  in  the s t ee l  plant. 
shape. Older ovens may be f r o m  30 to 40 feet long, 6 to 14 feet  high, and 11 to  22 inches 
wide. Coke ovens built s ince 1967 a r e  usually about 50 feet  long, 16 to 17 f ee t  high, with 
coking chambers  having an  average width of 18 inches.  
s e t  together i n  a bat tery f o r  e a s e  in  charging and discharging the coal  and coke. A mod- 
e r n  by-product oven can receive a charge  of 16 to  20 tons of coal through por t s  at the 
top. The por t s  a r e  then sea led  and coal begins to fuse,  s tar t ing at the walls of the oven, 
which may generate  heat  f r o m  1600 to 2100 F. The fusing works toward the center  of 
the charge f r o m  both walls,  and meets  i n  the center ,  causing a c rack  down the middle of 
the  mass. This c rack  and the porous s t ruc ture  of the by-product coke a r e  its distin- 
guishing fea tures .  
the ends of the oven chamber 'a re  opened, and the pusher  r a m  shoves the ent i re  charge 
of coke into railway ca r s .  
by an overhead spray. 

The vola- 

These ovens a r e  rectangular in 

As many a s  100 of them may be  

When coking is  finished (16 to  20-hour carbonizing per iod) ,  doors at 

The load is  taken to  a quenching station, where it is watered 
After this, it i s  taken to a wharf to  cool p r io r  to  screening. 

The volatile products that have passed  out of the ovens a r e  piped to the chemical  
plant where they a r e  t rea ted  to yield gas ,  t a r ,  ammonia liquor, and light oil .  Fur ther  
refinement of the light oil produces benzol, toluol, and other complex chemical com-  
pounds. However, in  recent  years ,  competition f r o m  the petrochemical industry has 
made the recovery of coke by-product chemicals  marginally economical o r  uneconomical, 
unless  coke-plant installations a r e  of such a la rge  s ize  that processing costs  can 
compete with pe t rochemica ls .  
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The fundamental features  of a coke bat tery cannot be changed during i ts  lifetime, 
which amounts to 20 ,  30 o r  m o r e  yea r s .  At the end of i ts  life i t  is completely razed 
and a new s t ruc ture  embodying cur ren t  technological ideas is e rec ted  to replace i t ,  

Fue ls .  An integrated i ron  and s t ee l  plant u ses  a grea t  var ie ty  of fuels,  some of - 
which a r e  generated a s  p a r t  of the plant ' s  own operations and some of which a r e  
purchased. 

Coke-oven gas  is produced during the manufacture of coke f r o m  coal in the coke 
ovens. 
separa te  cleaning because par t iculates  a r e  t rapped in  the by-product recovery sys t em,  
The major  impurity i s  hydrogen sulfide, which in burning is changed to  sulfur oxides. 
F o r  some in-plant use,  the hydrogen sulfide is removed.  Coke-oven gas typically has  
a heat content of about 500 to 550 Btu p e r  cubic foot. 

The exhausted gas  does not contain any par t iculates  and does not requi re  

Blast-furnace gas is a product f r o m  the ironmaking p rocess  in  the blast  furnace.  

The gas  when exhausted f r o m  the top of the b las t  furnace,  is laden with par t icu-  
B las t -  

It is a r a the r  low-heat-content gas ,  with an average  value of about 80 Btu p e r  cubic 
foot.  
la te  ma te r i a l s  which a r e  cleaned f r o m  the gas  before  i ts  u se  in the s tee l  plant. 
furnace gas is usually burned to heat blast- furnace stoves,  normalizing and annealing 
furnaces ,  foundry co re  ovens, gas  engines f o r  blowing, f i r ing of boi lers ,  and gas  engines 
and g a s  turbines f o r  power generation. 
heated air has  been used  successfully f o r  heating coke ovens, soaking pi ts ,  and reheating 
furnaces .  ( 2 )  
h a s  inc reased  the requi rement  fo r  c leaner  blast-furnace gas  in  the heating of b las t  
stoves.  
stoves,  because clogging decreases  stove efficiency and inc reases  maintenance problems. 

P rehea ted  blast-furnace gas  combined with p r e -  

The p resen t  t r end  in  the u s e  of higher b las t  t empera ture  for  b las t  furnaces  

A cleaner  g a s  is  requi red  t o  prevent  clogging of the checker  work in  the b l a s t  

T a r ,  one of the by-products of the production of coke, is often used a s  a fuel fo r  
f ir ing open-hearth furnaces .  
tained in  it (usually about 0 .  60 percent)  becomes sulfur  oxide in  the combustion p rocess .  

The t a r  that is burned is not cleaned, and the sulfur  con- 

Commerc ia l  fuels (principally oil  and na tu ra l  gas)  a r e  used in the as - rece ived  
condition a t  the s t ee l  plant. 

A i r .  A'ir is a necessa ry  ma te r i a l  in  the production of metal l ic  i ron  in the blast  - 
furnace.  
except for  preheating to tempera tures  varying f r o m  1000 to 2000 F, before i t  is blown 
into the blast  furnace.  Air  requirements  for  the b las t  furnace may  vary  f r o m  45,000 
cubic f ee t  to 60, 000 cubic f e e t  p e r  ton of iron, depending on the type of prac t ice  used. 
Heated air is used to supply thermal  energy to  the blast  furnace,  but it can a l so  ac t  as 
a d i rec t  replacement  for  coke that would normally be burned to supply this thermal  
energy inside the blast  furnace.  A typical blast  stove is i l lustrated in  F igure  A-4, 
with various types of checker br ick used in i t .  

It is used a s  i t  exis ts  in  the surrounding atmosphere without any t reatment  

The use  of high blast  t empera tures  pe rmi t s  the blast-furnace operator  to inject 
auxi l iary fuels (such as oil, natural  gas,  coal, o r  coke-oven g a s )  through the tuyeres .  
The injection of these auxiliary fuels resul ts  in the generation of increased  amounts of 
carbon monoxide in  the blast  furnace.  (Carbon monoxide is the active reducing gas in  

I 
1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
1 
1 
I 
1 
I 

B A T T E L L E  MEMORIAL I N S T I T U T E  - C O L U M B U S  L A B O R A T O R I E S  



I 
I 
I 
I 
I 
1 
I 
I 
1 
1 
I 
I 
I 
1 
I 
I 
M 
I 
I 
I' 
I 
I 

A-7 

F I G U R E  A-4. T Y P I C A L  B L A S T  F U R N A C E  S T O V E  
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the b las t - furnace  p rocess .  ) 
amount of coke that m u s t  be charged to a blast  furnace .  
injection and coal injection on the amount of coke requi red  to  make one net ton of pig 
i ron  is  shown in  Figure A-5(') and Figure  A-6(8). The injection of auxiliary fuels into 
the b las t  furnace  is  economically a t t ract ive. to  blast-furnace operators .  In 1968 in the 
United States,  about 50 b las t  furnaces  were using injection of natural  gas;  about 15 were 
using fuel oil; about 3 were  using coke-oven gas;  3 were  using t a r ;  and 1 was using in-  
jection of coal. 

This use  of injected fuels  a lso resu l t s  in a lowering of the 
Typical effects of fuel-oi l  
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Making Pig  Iron 

Pig i ron has  been manufactured in  the United States for  a g rea t  many yea r s  in  
blast  furnaces ,  and this is still the p rocess  used  to make a lmost  100 percent  of the pig 
iron. 
is tapped while molten f r o m  the blast  furnace and usually is  not allowed to solidify be- 
fore  it is delivered to the steelmaking process .  
usually is  called "hot metal". 
allowed to solidify into "pigs" for  distribution in  the solid state. 
generic and includes "hot metal" and "iron pigs". 
ward  the development of p rocesses  that would bypass the blast  furnace as an i ron p ro -  
ducer. 
in the United States in  1969 near  Mobile, Alabama. 

P ig  i ron  f r o m  a blast  furnace is sa tura ted  with about 4 percent  carbon. The i ron 

The molten i ron in  steelmaking parlance 
Only a small portion of molten i ron  f r o m  blast  furnaces  is 

The name "pig iron" is 
Much r e s e a r c h  h a s  been directed to- 

The first such direct-reduction p rocess  for  pig iron is expected to be operational 

Blast-Furnace P rac t i ce .  The f i r s t  s tep in the conversion of i ron o re  into s tee l  
takes place in the blast  furnace.  
100 feet high, lined with heat-resis tant  br icks .  
in F igure  A-7. Iron o r e ,  coke, and l imestone are charged through sealing "bells" a t  
the top, and heated a i r  under p r e s s u r e  is blown into the lower section through the tuyeres  
to burn the coke. 
t ra ted in  F igure  A-4), which typically a r e  26 to 28 feet  in diameter  and over 100 fee t  
high. Three  or four blast  stoves a r e  used p e r  blast  furnace, depending on the method 
of blast heating developed in the various plants.  A s  the solid ma te r i a l s  (known collec- 
tively a s  the "burden") pas s  down the furnace f rom the top to the bottom, the reducing 
gases (carbon monoxide and hydrogen) r is ing through the burden react  with oxygen in 
the o re  to s t a r t  the formation af i ron.  This reaction continues as the burden ma te r i a l s  
flow toward the middle of the furnace,  a t  which point the coke ac ts  to take out still m o r e  
of the oxygen in the ore ,  and the l imestone begins to crumble and react  with impurit ies 
in the o r e  and coke to f o r m  a molten slag.  As the charge enters  the zone of fusion, all 
the mater ia l s  but the coke become pasty o r  fused. 
It then passes  through the melting zone and becomes liquid. In this zone the a s h  f rom 
the burned coke is  absorbed by the liquid slag,  while the iron absorbs silicon f r o m  the 
slag and carbon f r o m  the coke. 

The blast  furnace is a large cylindrical s t ructure  about 
A blast  furnace is  shown schematically 

The a i r  is  heated in stoves (described in the section on A i r  and i l lus-  

The iron becomes a porous m a s s .  

The i ron and s l a g  f o r m  a molten m a s s  in  the hear th ,  the slag floating on a pool of 
iron 4 o r  5 feet  deep. 
is r,emoved more  frequently than the iron. 
drawn off -at each time. .The  hot-metal o r  ladle c a r s  which receive the i ron range i n  
capacity f r o m  40 to 160 tons. The ladle c a r  usually is  a special type of tank c a r  that 
makes it possible to deliver hotter i ron  to the s teel  works, even though it may be 20 
miles away. 
the manufacture of s teel  in  open hea r th  and o ther  types of steelmaking furnaces.  

About every  4 o r  5 hours  i ron and slag a r e  drawn off. The slag 
F r o m  100 to 300 (or  m o r e )  tons of i ron a r e  

Most of the metal produced in the blast  furnace is used  in  molten f o r m  for  

To produce 1 ton of pig iron requires ,  on the average, 1 .7  tons of iron ore ,  
0 . 9  ton of coke, 0 . 4  ton of limestone, 0 . 2  ton of s inter ,  scale,  and sc rap ,  and 4.0 to 
4 . 5  tons of air. 
about 6 tons of gases p e r  ton of pig iron produced. 
mater ia l  entering the furnace, whereas  gases  constitute m o r e  than three-quar te rs  of 
the ma te r i a l s  leaving the furnace.  The difference is due to the fact that much of the 
carbon and oxygen entering a s  solids, in the coke and ore ,  respectively, emerge  a s  

In addition to the pig iron, the furnace yields about 0 . 5  ton of s lag and 
Air  constitutes over one-half of the 
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FIGURE A-7. TYPICAL BLAST FURNACE 
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gases .  
which can be burned. About 30  p e r -  
cent of the gas is required to heat stoves,  and the remainder  is used  for  s t e a m  genera-  
tion, underfiring of coke ovens, o r  heating soaking pits.  

These gases ,  piped f rom the top of the furnace,  a r e  r i ch  in carbon monoxide, 
They a r e  used to hea t  stoves and generate power.  

Direct  Reduction. P r o c e s s e s  which bypass the blast  furnace  a s  a means of p r o -  
ducing pig i ron  usually make use  of much s m a l l e r  equipment and a r e  not dependent on 
handling such la rge  quantities of ma te r i a l s  as required in blast-furnace plants.  
f i r s t  direct-reduct ion p rocess  to be constructed fo r  commerc ia l  production of pig iron 
in the United States is the Dwight-Lloyd-McWane (D-LM) p rocess .  
construction near  Mobile, Alabama) will be very  sma l l  by s teel- industry s tandards 
(only about 200 ,000  tons p e r  year ) .  
Figure A-8.  

The 

The plant (under 

A typical flow sheet  for the p rocess  is shown in 

..I..ll. 

FIGURE A-8. DWIGHT-LLOYD-McWANE DIRECT REDUCTION PROCESS 

The D-LM P r o c e s s  makes  use  of a balling operation to p repa re  powdered ore, 
coal, and flux f o r  par t ia l  reduction on a s inter ing machine, a f t e r  which the par t ia l ly  
reduced pellets a r e  charged into an  e lec t r ic  smelting furnace where the pel le ts  a r e  
fur ther  reduced and melted to make pig i ron.  

Although the D-LM P r o c e s s  is mentioned he re  by way of i l lustration, and because 
i t  is a "f i rs t"  for  the production of pig i ron  in the United States by a means  other  than 
the blast  furnace,  this par t icu lar  p rocess  does not have any unique worldwide impor -  
tance among p rocesses  of this general  type. F o r  example,  by far mos t  of the pig i ron  
that is produced throughout the world by means  other  than the blast  furnace is made in 
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e l ec t r i c  smelting furnaces  of the Tysland-Hole type; sometimes with some type of 
preheating o r  pre t rea tment  of the burden. 
Norway and Venezuela where p r i c e s  of e lec t r ica l  energy  a r e  low in comparison to 
p r i ces  fo r  coal.  
States,  nor does there  s e e m  to be significant p r e s s u r e  to adopt them on a large sca le  
in  the near  future .  

The l a r g e s t  installations of this type a r e  in  

Such p rocesses  f o r  pig i ron have not yet been adopted in  the United 

In addition to direct-reduct ion p rocesses  that produce molten pig i ron  (as  dis-  
cussed in the preceding paragraph) ,  other direct-reduct ion p rocesses  pe r fo rm the 
reduction of o r e  to metal l ic  i ron  without going through a melting s tep.  
include (1)  the HyL P r o c e s s  now operational i n  seve ra l  plants in  Mexico, which uses  
na tura l  gas as the main source  of heat and reductant,  and ( 2 )  the SL-RN p rocess  now 
being implemented by plant construction in New Zealand and Korea, which uses  coal a s  
the main source of heat and reductant.  P r o c e s s e s  in  this category produce "metallized 
o re"  o r  "sponge i ron" (without going through the pig i ron  s tage) ,  and these solid 
products a r e  then melted and refined in steelmaking furnaces in a manner  generally 
s imi l a r  to melting and refining of s c rap .  
United States present ly  is under construction near  Port land,  Oregon, using the Midland- 
Ross "Midrex" p rocess ,  but a s  in the case  of the D-LM plant, ra ted  output will be 
s m a l l  in comparison to even a small blast-furnace plant.  

Examples 

The first plant of this general  type in  the 

Making Steel 

Steel  in  the United States is made by three  ma jo r  p rocesses ,  (1) open-hearth 
pract ice ,  (2 )  basic  oxygen (BOF) pract ice ,  and ( 3 )  e lec t r ic - furnace  p rac t i ce ,  At one 
t ime, steelmaking in  the B e s s e m e r  converter  was one of the predominate p rocesses  
used for  making s tee l .  
had decreased to about 4 . 2  mill ion net tons p e r  y e a r .  This production decreased  fur ther  
to  about 1 . 4  mill ion net tons by 1958, and by 1967 the total production of Bessemer  s tee l  
was only 0 .3  mill ion net tons.  During 1968, Jones and Laughlin Steel  Corporation shut 
down the l a s t  Bessemer  converters  in the United States integrated i ron  and s t ee l  indus- 
t r y .  These conver te rs  were  located at their  Aliquippa, P a . ,  plant.  The only Bessemer  
converter  remaining in operation in the United States is located a t  the A. M. Byer s  
Company, Ambridge, Pa., and is used in the manufacture of wrought iron. ( 9 )  
Bessemer  converters  a r e  not considered in this study. 

By 1948, the production of Bessemer  s tee l  in the United States 

The production of carbon r a w  steel"' f r o m  1954 through 1968 is shown in  F ig -  
u r e  A-9. 
(BOF) and the simultaneous decrease  i n  tonnage made  in  open hear ths  is quite evident. 

The rap id  inc rease  in  production of carbon s tee l  i n  basic  oxygen furnaces  

The relationship f o r  the ful l  year 1968 f o r  the major  steelmaking p rocesses  in 
the United States was as follows: 

'AIS1 definition. Raw steel is steel in the first solid state after melting and suitable for further processing or sale and includes 
ingots. steel castings. and continuous or  pressure-cast blooms, billets, slabs, or other product forms. 
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Open hear th  furnace 

Basic Oxygen furnace (BOF) 

Elec t r ic  furnace 

Total 
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Production of Raw Steel  in  1968 
P e r c e n t  

Millions of Net Tons of Total 

66. 1 50.4 

48. 6 37.1 

16.4 12.5 - - 
131. 1 100 --- - . 

1955 1960 1965 1970 1975 
Year 

FIGURE A-9. PRODUCTION OF CARBON RAW STEEL IN THE 
UNITED STATES BY VARIOUS PROCESSES 

Open-Hearth Steelmaking. The open hea r th  furnace a t  one t ime accounted fo r  
about 90 percent  of the s t ee l  made in  the United States .  
use  of the basic  oxygen furnace and e l ec t r i c  furnace has  decreased the production of 
s t ee l  in open hear ths  to about 55 percent  of the industry total by ea r ly  1968. 

During recent  yea r s ,  increased  

Open-hearth s t ee l  is made  usually f r o m  a mixture  of s c r a p  and hot me ta l  in vary-  
ing proportions,  depending on relative cost  and availability of these two main r a w  
ma te r i a l s .  
and pig i ron,  which consist  of carbon, manganese,  silicon, sulfur,  and phosphorus, to 

The object of the operation is to lower the impuri t ies  present  in  the s c r a p  
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the limits specif ied f o r  the par t icular  grade of s t ee l .  
c a r r i e d  out by means  of a s lag that f o r m s  a continuous layer  on the sur face  of the 
liquid meta l .  
silicon, phosphorus,  manganese,  and iron, which a r e  formed o r  added during the 
operation. 

This refining operation is 

This s lag consists essent ia l ly  of l ime combined with the oxides of 

Open-hearth furnaces  a r e  of two types, depending on the charac te r  of the r e f r a c -  
tory m a t e r i a l  that fo rms  the basin holding the meta l .  Where the r e f r ac to ry  ma te r i a l  is 
mainly si l iceous f i rec lay  o r  another s i l i ca- r ich  re f rac tory ,  the furnace is descr ibed as 
"acid", and where the basin is lined with dolomite (or magnesi te) ,  i t  is te rmed a 
"basic" furnace.  
foundry industry.  
basic open hear ths .  

Acid open hear ths  a r e  used mainly fo r  making s tee l  castings in the 
Steel in the integrated i ron  and s t ee l  industry is made most ly  in  

Open-hearth furnaces  in  the integrated s t ee l  industry a r e  large mass ive  s t r u c -  
The open-hearth furnace proper  consists of a shallow rectangular basin o r  t u re s .  

hea r th  enclosed by walls and roof, a l l  constructed of re f rac tory  brick, and provided 
with access  doors  along one wall adjacent to the operating floor, a s  shown in Figure 
A-1 0. A tap hole at the base  of the opposite wal l  above a pi t  is  provided to  drain the 
finished molten s t ee l  into ladles.  Fuel in the f o r m  of oil ,  coke-oven o r  natural  gas, t a r  
f r o m  coke making, or producer  g a s  (a  gas r i ch  in carbon monoxide manufactured by 
blowing a l imited quantity of a i r  through a hot bed of solid fuel)  is burned a t  one end. 
The f lame f r o m  combustion of the fuel t rave ls  the length of the furnace above the charge 
rest ing on the hear th .  
downward to a regenerat ive chamber called checkerwork o r  checkers .  This m a s s  of 
r e f r ac to ry  br ick is systematical ly  laid to provide a la rge  number of passageways fo r  
the hot gases .  All 
the elements  of the combustion sys tem burners ,  checkerwork, and flues a r e  duplicated 
a t  each  end of the furnace,  which pe rmi t s  frequent and sys temat ic  r e v e r s a l  of flow of 
the f lame,  flue gases ,  and preheated air fo r  combustion. A sys t em of valves in  the 
flue effects the gas  r e v e r s a l  s o  that the heat s to red  in  checkers  is subsequently given 
up to a reverse-d i rec t ion  s t r e a m  of a i r  flowing to the burners .  In some plants, the 

Upon leaving the furnace,  the hot gases  a r e  conducted in a flue 

The br ick  mass absorbs heat, cooling the gases  to about 1200 F. 

FIGURE A-10. CROSS SECTION O F  A BASIC OPEN-HEARTH FURNACE 
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gases leaving the checkerwork pass  to a waste-heat  boiler for  fur ther  extract ion of 
heat s o  a s  to lower the temperature  f rom around 1200 F to an  average of about 500 o r  
600 F. The median is between 100 
and 200 tons p e r  heat (batch of finished s tee l ) ,  but there  a r e  many of sma l l e r  capacity 
and an increasing number of l a rge r  capacity. Time required to  produce a heat  is com- 
monly between 8 and 12 hours without the u s e  of l a rge  amounts of oxygen. 

Open-hearth furnace capacities span a wide range. 

The open-hearth p rocess  consists of s eve ra l  s tages:  ( 1 )  tap to s ta r t ,  ( 2 )  charging, 
( 3 )  meltdown, (4)  hot-metal  addition, ( 5 )  o r e  and l ime  boil, ( 6 )  working (refining),  
(7 )  tapping, and (8) delay. 
to the hear th  and plugging the tap hole used in the previous heat.  During the charging 
period, the solid raw ma te r i a l s  (which usually include a combination of pig iron, i ron  
ore ,  l imestone, s c rap  iron, and s c r a p  s t ee l )  a r e  dumped into the furnace by special  
charging machines .  
The direction of the flame is reversed  eve ry  15 or 20 minutes.  
has  melted,  a charge of molten pig i ron  is delivered direct  f rom the blast  furnace in 
la rge  ladles and poured into the open hea r th  through a spout s e t  temporar i ly  in the 
furnace door. 
meta l  furnace,  only solid mater ia l s  (pig i r o n  and/or  s tee l  s c rap )  a r e  added, usually in  
two batch charges.  

The period between tap and s t a r t  is spent on normal  r epa i r s  

The melting per iod begins when the f i rs t  s c r a p  has  been charged.  
When the solid ma te r i a l  

This is the normal  sequence f o r  a "hot-metal ' '  furnace: but for  a cold- 

The hot-metal  addition is followed by the o r e  and l ime boil, which is a bubbling 
action much like the boiling of water  and is caused by the oxidized gases  rising to the 
sur face  of the melt .  
character ized by a gentle boiling action called "ore boil". 
re leased in  the calcination of the l imestone, the m o r e  violent turbulence is called thc 
"lime boil". 

Carbon monoxide is generated by oxidation of carbon and is 
When carbon dioxide is 

. The aims of the working per iod a r e  (1)  to lower the phosphorus and sulfur content 
to levels below the maximum level specified,  (2)  to eliminate carbon as rapidly a s  
possible and s t i l l  allow time for  proper  conditioning of s lag and attainment of proper  
process  temperature ,  and ( 3 )  to bring the hea t  to a condition ready fo r  final deoxidation 
in the furnace or f o r  tapping. At the end of the working per iod the furnace is tapped, 
with the tempera ture  of the s tee l  at approximately 3000 F. 

The delay period includes waiting t ime during the heat  cycle (e .  g. equipment 
breakdown, tapping equipment in use  on another  furnace,  e tc .  ) plus r epa i r  work not 
usually done during the tap to s t a r t  per iod.  
a s  a whole, the following breakdown of the heat  s tages  has  been made:  

For normal  operation of a 10-furnace shop 

Pe r iod  

Tap to s t a r t  
Charging 
Meltdown 
Hot-metal  addition 
Ore  and l ime boil 
Working (refining) 
Tapping 
Delay 

Pe rcen t  of Time in  
Indicated Per iod  

6 
12 
12 
3 

3 8  
19 
2 
8 

100 
- 
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The use  of consumable lances to inject  gaseous oxygen into the bath during the 
refining per iod and speed the oxidation reactions,  shorten hea t  t ime, save fuel, and 
increase  production has become more  or l e s s  s tandard  prac t ice  over the l a s t  10 to 12 
y e a r s .  Since 1957 water-cooled lances inser ted  through the furnace roof have come 
into prominent u se .  
exception of the charging and hot-metal-addition per iods .  
r a t e s  f r o m  hot m e t a l  to tap, production ra tes  of 90 to 100 tons p e r  hour a r e  conceivable 
in a 300-ton furnace .  
1000 cubic f ee t  p e r  ton (900 to 1667 scfm during the period oxygen is being added).  

There has  been some experimentation with oxy-fuel lances ,  i. e . ,  the use of 

Frequently,  oxygen lances a r e  used throughout the heat with the 
By use  of high oxygen flow 

Oxygen consumption under these conditions ranges f r o m  600 to 

oxygen in combination with the fuel.  
l ime f o r  l imestone has  increased  the s t ee l  output of a 200-ton furnace f r o m  20 to 
approximately 30 tons p e r  hour.  

This procedure  plus the substitution of burned 

Upright Bas i c  Oxygen (BOF) Steelmaking. A process  for refining molten pig i ron  
("hot metal")  to make  s t ee l  was developed in 1952 in  Linz-Donawitz, Austria,  in  which 
a top-blown oxygen converter was used to refine the pig i ron.  Although there  a r e  now 
seve ra l  variations in prac t ice ,  the general  technique worldwide is known a s  the "basic 
oxygen" or  BOF p rocess .  The furnace is a pear -shaped  s t ee l  shel l  lined with r e f r a c -  
to ry  br ick a s  shown in F igure  A-11. 
of hot me ta l  (molten pig i ron) ,  s t ee l  s c r a p  and flux. 
conventionally is about 70/30. The s tee l  s c r a p  can be replaced with i ron  o re  or p r e -  
reduced i ron  pel le ts .  
high velocity to the sur face  of the meta l  bath. The high velocity of the oxygen resu l t s  
in impingement on the l iquid-metal  surface,  which i n  turn produces violent agitation 
and intimate mixing of the oxygen with the molten i ron .  
carbon, silicon, and manganese produces a heat  of s teel .  In the blowing process ,  
some of the i ron  is oxidized as well and p a s s e s  off as fume. 
f r o m  open-hearth prac t ice  in that external  heat  does not have to be supplied to facilitate 
the refining of the i ron.  The only sources  of heat  a r e  (1)  the sensible heat f rom the 
hot metal ,  and ( 2 )  the heat re leased  by the exothermic reactions between the oxygen 
and metalloids in the charge (pr imar i ly  si l icon and carbon) .  In March, 1969, there  
were  27 s tee l  plants in the United States with BOF installations with a total ra ted annual 
capacity of 57 mill ion tons. 
325 tons p e r  heat.  
or planned f o r  operation through 1970. 
the BOF is much shor t e r  than in  the open hear th .  
operation is a s  follows: 

The usua l  charge  f o r  this type of furnace consis ts  
The ra t io  of hot meta l  to s c r a p  

A water-cooled lance is used  to supply high-purity oxygen a t  

Rapid oxidation of the dissolved 

The BOF p rocess  d i f f e r s  

The 60 existing vesse l s  have capacity ratings f rom 75 to 
An additional 19 mill ion tons of annual capacity is under construction 

The t ime requi red  to make a heat of s t ee l  in 
Heat t ime fo r  a typical 150-ton BOF 

Charge s c r a p  
Charge hot me ta l  
Oxygen blow 
Chemical tes t s  
Tapping t ime 

1 minute 
2 minutes 

20  minutes 
5 minutes 
5 minutes - 

Total t ime 33 minutes 
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n 

TYPICAL BASK OXYGEN FCE 
IBDFJ 

FIGURE A-11. BASIC OXYGEN FURNACE 

Rotary Basic-Oxygen Steelmaking. A steelmaking p rocess  developed in  Sweden 
makes use  of a rotating vesse l  that is operated in a near ly  horizontal  position a s  shown 
in Figure A-lZ(10). 
Only one s t ee l  plant in the United States has  a rotary-oxygen-furnace installation; 
Sharon Steel  Corporation has two Kaldo vesse l s  with a nominal capacity of 150 net tons 
of s tee l  p e r  heat .  Operation of the Kaldo conver te rs  is somewhat s imi la r  in  principle 
to that fo r  the upright BOF vessels ,  but there  a r e  significant differences that increase  
heat t ime over that of the BOF and pe rmi t  the use  of m o r e  s c r a p  than in the BOF. 

The p rocess  is known as the Stora-Kaldo Oxygen P rocess .  
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FIGURE A-12. STORA-KALDO ROTARY OXYGEN CONVERTER 

Elec t r i c  -Furnace Steelmaking. Whereas the open-hearth and BOF steelmaking 
p rocesses  conventionally use a charge that contains a high percentage of molten pig i ron  
(hot me ta l )  obtained f rom blast  furnaces ,  e l ec t r i c  steelmaking furnaces conventionally 
have no hot m e t a l  in  their  charge (although there  has been some limited use  of hot meta l  
in  e lec t r ic  steelmaking furnaces) .  Generally, e l ec t r i c  steelmaking furnaces depend on 
meta l l ic  s c r a p  for mos t  of their  charge.  Because e lec t r ic  steelmaking furnaces  pe rmi t  
a high degree of control over their  operations,  expecially with r ega rd  to ability to hold 
the s t ee l  f o r  long refining per iods and to  control  tempera tures  to high levels in  the 
furnace,  they a r e  generally p re fe r r ed  f o r  the manufacture  of alloy and s ta in less  s t ee l s .  
Although e lec t r ic  furnaces  account f o r  only about 12 percent  of the total  r a w  s t ee l  made  
in  the United States in 1967, they accounted f o r  about 36 percent  of the alloy and s ta in-  
l e s s  s teel .  
about 41 percent  was in  alloy and s ta inless  g rades .  
f ract ions for  the other two ma jo r  types of furnaces  were  about 9 percent  of open-hearth 
production and about 6 percent  of BOF production. 

Of the total s tee l  made in  e l ec t r i c  furnaces  in  the United States in 1967, 
Comparable alloy and s ta inless  

The furnaces employed in e l ec t r i c - a rc  mel t ing prac t ices  in  the integrated s t ee l  
industry a r e  refractory- l ined cylindrical  vesse ls  with la rge  graphite e lectrodes passing 
through the furnace as shown in Figure A-13. E lec t r i c  energy is  supplied to the e l ec -  
t rodes by t r ans fo rmers  ranging in capacity f r o m  4,000 to 85,000 kilovolt-amperes.(l1,  12) 
The trend in  recent  years  has  been to provide e l ec t r i c - a rc  furnaces  with l a r g e r  t r a n s -  
f o r m e r s  than previously thought feasible.  
the productivity of a given e l ec t r i c - a rc  furnace can be doubled. 
tions to date a r e  a ZOO-ton d i r ec t - a rc  e lec t r ic  furnace  powered by a 76, 000-kVA t r ans -  
f o r m e r  at the Laclede Steel Company, Alton, Illinois(1Z); four  ZOO-ton furnaces  at the 

By install ing l a rge r  t r ans fo rmer  capacity, 
The l a rges t  instal la-  
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mrl tor third eteclrode 

FIGURE A-13. DIRECT-ARC ELECTRIC FURNACE 

Republic Steel Corp.,  Canton, Ohio, plant and a 250-ton furnace a t  Northwestern Steel  
and Wire Company which was placed in operation i n  e a r l y  1969. 
tween melting capacity of d i rec t -a rc  e lec t r ic  furnaces  in the United States and their  
t ransformer  capacit ies a r e  shown in Figure  A-14. (11912) 

The relationship be- 
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FIGURE A-14. RELATIONSHIP BETWEEN ELECTRIC-ARC FURNACE 
CAPACITY AND TRANSFORMER RATING 
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Only basic-l ined e l ec t r i c - a rc  furnaces a r e  used to make  s tee l  in  the United States 
integrated i ron  and s tee l  industry.  
use  in the United States,  but these a r e  used to produce special  s tee l s  in the foundry 
industry.  

Some acid-lined e lec t r ic -a rc  furnaces a r e  s t i l l  in 

The metal l ic  charge for d i r ec t - a rc  e lec t r ic - furnace  melting of s tee l  usually con- 
Charge 

High- 

s i s t s  of most ly  s t ee l  s c rap ,  along with some cas t - i ron  s c r a p  or solid pig i ron.  
preparat ion consis ts  of the selection of the p rope r  grades of s c r a p  for  the s t ee l  to be 
made ,  and the addition of alloying elements to achieve the des i red  composition. 
pur i ty  gaseous oxygen usually is used today to c a r r y  out refining more  rapidly than 
would be done with the older pract ice  of using additions of i ron  o r e  as the source  of 
oxygen. 

Electric-induction furnaces  a r e  used in the integrated i ron  and s t ee l  industry only 
to me l t  special  alloys and s ta inless  s teels  on a sca l e  that is very  sma l l  and scat tered 
when compared with methods f o r  melting high-tonnage s tee ls .  
furnace melting involves no products of combustion, and lacks the high-temperature  
a r c  of the steelmaking e l ec t r i c - a rc  furnace,  i t  is the cleanest  method for  melting s tee l .  
If the s c r a p  placed into an  induction furnace is clean, emiss ion  f rom the furnace is 
minor ,  with r e spec t  to both quantity and density, and is easi ly  collected in s imple equip- 
ment .  Because induction furnaces  a r e  used only in  specialty situations, the sc rap  
charged to them a lmost  invariably is selected with c a r e  a s  to composition and cleanli-  
nes s .  In those cases  where contaminated (e .  g . ,  oily) s c rap  is charged, the s c r a p  
usually will emi t  fume and smoke until the contaminant is burned off. 
fume emiss ion  during melting in such furnaces ,  contaminated s c r a p  sometimes is p r e -  
heated, thus moving the point of evolution of fume from the melting operation back to 
the preheating operation. In general ,  however, induction-furnace melting of s t ee l  is 
a miniscule contributor to air-pollution problems.  

Because induction- 

To minimize 

Scrap Preheat ing.  Preheat ing of s t ee l  s c r a p  f o r  charging into steelmaking fur -  
naces  is not a common pract ice ,  but when it  is done i t  is accomplished by three tech- 
niques: 
combustion a s  p a r t  of the preheating cycle,  (2)  by the use  of a i r - fuel  burners ,  and 
( 3 )  by the use  of oxy-fuel bu rne r s .  The use  of air-fuel burners  is m o s t  common. 
the use  of such  burners  (as with the employment of noncombustion p rocesses ) ,  t e m -  
pe ra tu re s  attained by the sc rap  a r e  r a re ly  above 1800 F. At these tempera tures ,  the 
only appreciable potential for  particulate emiss ion  f r o m  the preheating step r e s t s  in 
the presence  of oil, paper ,  rubber,  and other  combustibles in the s c r a p ,  If the s c r a p  
contains such combustibles, a considerable amount of fume can be generated during 
preheating. 
adds additional problems because of the higher tempera tures  that can be attained during 
preheating. 
s t ee l ,  

(1) heat exchange by the removal of sensible  heat f rom gases  not undergoing 

With 

In comparison to these f i r s t  two methods of preheating, oxy-fuel preheating 

These higher tempera tures  extend into and pas t  the melting range of the 

A new steelmaking technique developed in  the United Kingdom in 1962-63  made 
use  of an oxygen-fuel burner  instead of an  oxygen lance to achieve melting and refining 
of low-carbon and low-alloy s t ee l s .  ( 1 3 )  This fuel-oxygen s c r a p  (FOS) process ,  has  
not gained acceptance in the United States, but the idea of fuel-f i red burners  and oxygen- 
fuel  burners  has  been adapted to a limited degree in  the United States fo r  the preheating 
of s c r a p  in open-hearth,  BOF, and e lec t r ic  steelmaking p rac t i ces .  
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Oxygen-fuel burners  a r e  used  as  prehea ters  to shorten the t ime required to  mel t  
s c rap  in the steelmaking furnace,  and thereby reduce the overall  tap-to-tap t ime in open- 
hearth practice,  and t o  permi t  u s e  of grea te r  amounts of s c r a p  in the BOF's.  Tap-to- 
tap t imes in open hear ths  have been decreased  by 12 percent with a corresponding pro- 
duction increase  of 15 percent.  (14) Scrap  charges in BOF's have been increased f rom an  
average of 28 percent of the meta l  charge to 36 percent of the charge. ( l 5 )  Republic Steel  
Corporation, a t  its Chicago Works, has  four open hear ths  operating with oxygen - 
natural  gas roof b u r n e r s ( l 6 ) ;  Inland Steel Company a t  East  Chicago, Indiana, has  in- 
stalled oxygen - natural  gas burners  in all open hear ths  of their  No. 3 open-hearth 
shop. (14) Wisconsin Steel Works, Chicago, Illinois, has  used  oxygen - natural  gas 
burners  i n  their  two 120-ton BOF's,  (17) and the Pit tsburgh Steel Company has  used 
oxygen - oil burners  in their  200-ton BOF. (15) 

Vacuum Degassing of Molten Steel 

In the ear ly  1950's s e v e r a l  catastrophic fa i lures  of la rge  electric-generator turbine 
rotors  were  t raced  to the presence  of hydrogen in the steel. 
followed by r e sea rch  and development efforts directed toward developing methods of 
eliminating hydrogen f r o m  steel .  
lations were  placed into operation in 1956. 
that vacuum degassing could be used  a l so  as a means of deoxidizing s teels .  
reaction between carbon and oxygen under reduced p res su res  produces a cleaner product 
than when oxygen is removed by use  of conventional deoxidizing additions such as silicon 
and aluminum. 
the s teel  industry, a s  evidenced by the number of units installed in the years  that  fol- 
lowed. 

These events were  quickly 

In the United States,  the f i r s t  vacuum degassing instal- 
Steel  technologists were  not long in finding 

The rapid 

This carbon-deoxidation technology was rapidly placed into pract ice  by 

The number of units installed f r o m  1956 through 1967 is shown in Figure A-15. 

Cumulative 
total instal lot ions 

E 4  - 
3 

195619571958195919601361 1962296319641%519661967 
Year 

FIGURE A-15. NUMBER OF VACUUM DEGASSING INSTALLATIONS 
IN THE UNITED STATES 

(Source: Battelle compilation. ) 

Vacuum degassing processes  can be divided into t h r e e  general  groups: (1) s t r e a m  
degassing, (2) circulation degassing, and (3) ladle degassing. 
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S t r e a m  Degassing. The s t ream-degassing p rocess  was  the first to  be placed into 
operation f o r  the t rea tment  of s teel  that is  c a s t  into large ingots f o r  subsequent forging 
into ro to r s  for  e lec t r ic  generators.  
directly in the ingot mold that is inside the vacuum chamber a s  shown in F igure  A-16. 
If the degassed s tee l  is collected in  a ladle that is located inside the vacuum tank, the 

In this p r o c e s s  the vacuum-treated steel  is collected 

FURNACELADLE 

STOPPER ROD 

OBSERVATION PORT 
OR TV CAMERA 

PONY LADLE 

OBSERVATIO 
OR TV CAMERA 

WATER 
COOLINO 

DEOASSINO 
CHAMBER INOOT MOULD 

VACUUM- 

FIGURE A-1 6. INGOT STREAM DEGASSING 

p r o c e s s  (called l ad le - s t r eam degassing) is  conducted, a s  i l lustrated in F igure  A-17. 
ladle of vacuum-treated s teel  is removed f r o m  the tank and transported to the ingot- 
pouring a r e a  where the s tee l  is  then cas t  into ingot molds. 
that p e r f o r m  the same type of operation by slightly different mechanical means,  but the 
end r e su l t s  a r e  generally the same as for  the p r o c e s s e s  i l lustrated.  

The 

There a r e  other variations 

To vacuum 
system 

c 

FIGURE A-17. LADLE-STREAM DEGASSING 

Circulation Degassing. Some steelmaking technologists believed that the t reat-  
ment t ime in s t r e a m  degassing was  too shor t  to take full  advantage of the potential of 
vacuum degassing. 

- 
Several p rocesses  were  developed t o  extend the vacuum-degassing 
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cycle and permi t  a longer t rea tment  time. 
par t  of the molten s tee l  f r o m  the ladle into the  vacuum t rea tment  chamber fo r  treatment 
and then returning the s teel  t o  the ladle. 
hydrogen contents of the s t e e l  a r e  reduced to acceptable levels. 
circulation-degassing processes  a r e  shown in Figure A-18. 

The circulation processes  involve taking a 

The cycle is repeated until the oxygen and 
Representative 

a. D-H P r o c e s s  b. Thermo-Flow P r o c e s s  c.  R-H Process  

FIGURE A- 18. CIRCULATION-DEGASSING PROCESSES 

Ladle Degassing. Ladle-degassing p rocesses  provide agitation o r  s t i r r ing  the 
molten s tee l  in the ladle that is positioned in a vacuum tank. One process  bubbles argon 
gas through the s t e e l  to agitate the molten meta l ,  and another process  stirs the metal  by 
means of an induction coil. These processes  a r e  i l lustrated in F igure  A-19. 

outlet to 

I I1 
Observation p o r t  

\ I  

a. Purge  Degassing 

Alloy 
additions 

I iu L/JB +Stainless 
steel ladle 
(non-magne 
t ic)  

b. Ladle-Induction Degassing 

FIGURE A-19. LADLE-DEGASSING PROCESSES 
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Manufacture of Semifinished Products  

An essent ia l  s t ep  in the preparation of molten s tee l  fo r  further processing into sal-  
able products is the solidification of the molten s t e e l  into shapes that can be processed 
into the des i red  products. The traditional method has been to  pour (teem) the s teel  into 
ingot molds, pe rmi t  the s tee l  to  solidify, remove the ingots f r o m  the mold, reheat the 
ingots, and ro l l  them into the des i red  semifinished products such as bil lets,  blooms, o r  
slabs.  In recent  y e a r s ,  two new methods have been developed and placed into use  by the 
integrated i ron and s tee l  industry. 
(2)  p r e s s u r e  casting, both of which eliminate much of the processing associated with con- 
ventional ingot practice.  
the r aw steel  produced in the United States in 1967. 
ing accounted for 5 . 5  percent and p r e s s u r e  casting 0.5 percent. 

These p rocesses  a r e  (1) continuous casting and 

Conventional ingot pract ice  accounted for  about 94 percent of 
It is estimated that continuous cast-  

The teeming of molten s t e e l  into conventional ingot molds at  one t ime  was accom- 
panied by much evolution of smoke and fume, p r imar i ly  because tar and other bitumens 
were  used  as mold coatings. 
drastically curtailed,  s o  that visible emission during teeming is less  than former ly .  
However, under some teeming pract ices ,  evolution of air contaminants is high enough to  
r e s t r i c t  visibility a t  the teeming station. This degree  of evolution does not occur  in the 
newer continuous - casting and p res  sure-  casting p rocesses .  

During the l a s t  decade the use  of such coatings has been 

Some grades  of f ree-machining s teels  involve intentional additions of lead or sulfur 
to the s tee l  shortly before o r  during teeming. Because of the volatility of these elements 
at the t empera tu re  of molten s teel ,  fuming of the additives represents  an  emission prob- 
lem. 
nationally, but can be substantial at particular s t e e l  plants that make such grades.  

The tonnage of such s teels  represents  a small fraction of total s tee l  produced 

Conventional Ingot Pract ice .  Conventional casting and rolling requi re  a l a rge  
amount of plant a r e a  to accommodate the teeming a r e a ,  soaking pits,  and roughing mill. 
In addition, extensive t ranspor t  facilities a r e  requi red  to handle ingots and ingot molds. 
Conventional ingot-casting prac t ice  is i l lustrated in Figure A-20. 
ported in ladles t o  the teeming station f o r  pouring of the ingots. Molds a r e  t ranspor ted  

Molten s teel  is  t r a n s -  

U 

FIGURE A-20.  CONVENTIONAL INGOT-CASTING PRACTICE 

to the same  a r e a  on special  c a r s  holding two o r  t h ree  molds to the car .  
c a r s  holds enough ingots to receive all of the molten s t e e l  f r o m  the heat. 
ing operation, the ingots a r e  permit ted to solidify in the mold and cool t o  a se lec ted  

One s t r ing  of 
After the teem- 
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t empera ture ,  which is dependent on the type of s tee l  produced. 
ing t ime, the ingots a r e  t ranspor ted  to  the stripping station, where the molds a r e  r e -  
moved. 
ize the tempera ture  throughout the ingot and heated to the des i r ed  rolling tempera ture .  
The heated ingot is removed f r o m  the soaking pit and t ranspor ted  to a roughing mill 
where it is rolled into billets o r  blooms, o r  to  a slabbing mill where it is rolled into 
slabs.  Billets, blooms, and slabs differ in s ize  and shape. Billets a r e  usually square  
and measu re  2 x 2 to 5 x 5 inches. Blooms a r e  usually square or slightly oblong and 
measure  6 x 6 to 12 x 12 inches. Slabs a r e  always oblong and measu re  2 to  12 inches 
thick and 20  to 70 inches wide. Billets a r e  used t o  produce ba r  and light merchant  prod- 
ucts,  blooms to  make heavier merchant  products and s t ructural  products, and slabs t o  
make s t r ip ,  sheet, and plate products. 

After the proper  hold- 

The ingots a r e  then t r ans fe r r ed  to  soaking pits where they a r e  soaked to  equal- 

Continuous Casting. For  many y e a r s ,  s tee l  producers  recognized that continuous 
casting was possibly the ultimate method for  the conversion of molten s tee l  t o  s e m i -  
finished products. The f i r s t  United States patent was issued to  Sir  Henry Bessemer  in 
1865. There  was a period of experimentation on a pilot-plant s ca l e  in the United States 
about 1940. 
process ,  and it was not until 1943 that the f i r s t  continuous-casting installation was suc- 
cessfully operated in Germany. This was followed by further work in the United States 
in 1946, Austria in 1947, the United States again in 1949, and Germany in 1950. In the 
following yea r s  the Russian technologists devoted a great  amount of effort to the process  
and succeeded in placing seve ra l  commerc ia l  plants into operation. 
and the United States resulted in commerc ia l  installations in the 1950's. The estimated 
capacity f o r  continuous casting of r aw s tee l  in  the United States in 1968 was about 7 mil- 
lion net tons. Capacity now under construction is expected to inc rease  this f igure to an 
estimated 14 million net tons in 1969, and 16 million by 1971, 

Continuous-casting machines a r e  of t h ree  general  types:  

Mechanical and ma te r i a l  problems prevented ea r ly  development of this 

Efforts in Europe 

(1) ver t ical  machines, 
( 2 )  vertical  machines with bending ro l l s ,  and (3) curved-mold machines. 
i l lustrated in F igures  ~ - 2 1 ( 1 8 )  and A-22(19). 

These a r e  

P r e s s u r e  Casting. P r e s s u r e  casting is a relatively new method for converting 
molten s teel  into semi-finished products. The p rocess  was originally developed f o r  the 
manufacture of cast-s teel  freight-car wheels. Additional r e s e a r c h  and development led 
to application of the process  for making cas t  slabs.  The first commerc ia l  installations 
were  for  the production of stainless s tee l  s labs .  
to make plain-carbon-steel  slabs was s t a r t ed  in 1968 with s t a r t -up  scheduled for  ear ly  
1969. 
tons, a l l  of it essentially stainless steel .  With the addition of the carbon-steel  facility 
in 1969 this f igure should inc rease  t o  1 million net tons annually. 

Construction on the first plant designed 

Total production of p re s su re -cas t  s t e e l  in  1967 is estimated to  be 500,000 net 

The principal par ts  of a pressure-cas t ing  unit a r e  shown schematically in F i g -  
u re  A-23. Operation consists of (1) placing a ladle of molten s tee l  in  the p r e s s u r e  tank, 
( 2 )  covering the tank with a special  cover that includes a special  preheated ce ramic  tube, 
(3) positioning the mold over the tank and pouring tube, (4) introducing a i r  p r e s s u r e  into 
the tank and forcing the molten s t e e l  up the ce ramic  tube into the mold cavity, (5)  seal-  
ing the pouring tube with a r e f r ac to ry  plug to prevent the flow of the molten s tee l  f rom 
the mold back into the ladle, (6) releasing p r e s s u r e  in the tank, and ( 7 )  moving the mold 
from the tank and positioning another mold for  another casting cycle. The mold is held 
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FIGURE A-21. TYPICAL VERTICAL CONTINUOUS-CASTING MACHINE FOR STEEL 

Vertical design with 
Curved-mold design 

Lodle 

0 1  cooling chomber 

ow01 mechonism 

q roll mechonism 

Dummy bor for starling equipment 

mechonism 

FIGURE A-22. LATER DESIGNS O F  CONTINUOUS-CASTING MACHINES FOR STEEL 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  - COLUMBUS LABORATORIES 

1 
I 
I 
1 
I 
1 
I 
T 
1 
1 
I 
1 
1 
1 
I 
1 
I 
I 
1 
1 
I 
I 



I 
1 
I 
I 
I 
I 
1 
8 
1 
I 
1 
1 
I 
1 
I 
1 
1 
1 
I 
I 
I 
I 

A-27 

in the closed position until the s lab has solidified, af ter  which the mold is opened, the 
hot s lab removed, and the mold prepared  for another cycle of casting. 

Entry tor- 
pressurized 
air 

Graphite molds 

Steel slab 

Mold-clamping 
mechanism 

Top of pressure 
t0"k 

Ceramic lube 
Molten steel 
Ladle 
Base of pressure 
tank 

A.7.11 

FIGURE A-23. INSTALLATION FOR PRESSURE CASTING A SLAB 

Manufacture of Finished Products  - 

Rolling of ingots into bil lets,  blooms, or slabs r a r e l y  yields a defect-free product. 
Consequently, additional work mus t  be done to condition the semifinished products be- 
fore  they a r e  processed  fur ther .  
ing, depending on the type of s tee l  involved and the kinds of defects that mus t  be r e -  
moved. 
chipping hammers  or special  equipment known a s  "peelers",  and scarfing can be done 
with hand torches,  o r  with automated equipment that has recently become available. 
Slabs a r e  generally scar fed  automatically before they enter the hot-strip mill. 

Conditioning is done by grinding, chipping, o r  scarf-  

Grinding is done with conventional abras ive  grinders,  chipping with hand-held 

The conditioned bil lets,  blooms, or s labs  a r e  reheated t o  the requi red  rolling 
tempera tures  in special  furnaces  that a r e  f i red with fuel gas. After being reheated to 
the des i red  tempera ture ,  the billets, blooms, o r  slabs a r e  t r a n s f e r r e d  out of the fur- 
nace and transported to the hot mills where  the rolling is done. 

Billets and blooms a r e  processed  into ba r ,  w i re  products, and s t ructurals  of vari-  
ous weights and sizes.  
these products. Iron-oxide scale  is formed during the t ime the semifinished products 
a r e  reheated for  rolling, and is  broken off by h igh-pressure  water  sprays  as the s teel  

t o  a reclamation plant for  recycling (usually) t o  the blast  furnace o r  s inter  plant. 

Air-borne emissions are not a problem in the production of 

enters  the f irst  rolling stand of the mill. This s ca l e  is collected in scale  pits and sent I 

The processes  that a r e  of i n t e re s t  to this project a r e  the sur face- t rea tment  opera- 
tions such as acid-pickling l ines,  blast  descaling, tin lines, galvanizing l ines,  plastic- 
coating l ines,  and other coating operations. These processes  a r e  c a r r i e d  out continu- 
ously with provision for  the supply of s tee l  via a "pay-off'' coil at the process  input end, 
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and a s imi l a r  provision for  removing the finished, coiled product f r o m  the "re-coil" 
end. 
in  F igure  A-24, and the ver t ica l  type of processing line that is  representat ive of newer 
processing l ines is  i l lus t ra ted  in F igure  A-25("). 
p r o c e s s ,  space available in  the s tee l  plant, and preferences  of steel-plant personnel.  

A horizontal  continuous processing line that is typical of older plants is i l lustrated 

Equipment designs vary  with the 

F 350'1 

RECOIL P 

FIGURE A-24.  NATURE O F  HORIZONTAL PROCESSING LINE 

PAYOFF ARECOIL I I I I I I "P 

'\ \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ \\\\\\\\' 

FIGURE A-25. NATURE O F  VERTICAL PROCESSING LINE 

Auxiliarv ODerations 

Two operations that usually a r e  not considered a s  p rocess  segments in the making 
o r  i ron and s teel ,  but nevertheless  incidental to the manufacture of s teel ,  a r e  the found- 
r i e s  and incineration faci l i t ies  associated with i ron and s teel  plants.  

Foundries .  The foundry installations associated with i ron and s teel  plants a r e  p r i -  
mar i ly  used a s  a means  of supplying castings fo r  maintenance purposes ,  and in this 
capacity a r e  usually under  the management of the maintenance department .  In the large 
major i ty  of steelworks installations,  the captive foundries  have modest facil i t ies f o r  the 
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melting of nonferrous alloys such a s  aluminum, b ra s s ,  and bronze.  These faci l i t ies  a r e  
usually well ventilated and their  emissions collected.  
l a rge  castings sometimes is obtained f r o m  the existing faci l i t ies  located a t  the s t ee l  
plant. 
ing elements a r e  made to obtain cer ta in  metal lurgical  p roper t ies .  
ported to the foundry for  pouring into molds prepared  for  the purpose.  
foundries have cupolas o r  e lectr ic  furnaces  f o r  melting f e r rous  meta ls  f o r  cast ings.  
Two major  foundry i tems required fo r  the production of s teel  may o r  may not be made 
within the steelmaking complex. 
tion of molten s teel  into a solid product f o r  additional processing,  and (2) i ron and s teel  
rolls  necessary  fo r  rolling ingots into finished products .  

Molten s teel  o r  iron required f o r  

I ron can be obtained direct ly  f rom the blast  furnace ,  Additions of s teel  o r  alloy- 

Some steelworks 
Molten s tee l  is t rans-  

These a r e  (1)  ingot molds required fo r  the t r ans fo rma-  

Most s tee l  companies purchase ingot molds f rom foundries that a r e  in the business 
of supplying this specialized item to the s t ee l  industry.  In some cases ,  the ingot-mold 
companies have facil i t ies adjacent to the s t ee l  plant and obtain the i ron for  casting the 
molds f rom the steel-plant blast  furnaces .  If a single s tee l  plant i s  l a rge  enough, o r  if 
severa l  s tee l  plants of one company a r e  central ly  located, and in the final case ,  if a s teel  
plant is in a n  isolated location with respec t  to available outside ingot-mold sources ,  the 
company may have its own in-plant facil i t ies fo r  making ingot molds.  

Iron and s tee l  rolls  used in the rolling of ingots to semifinished and finished prod-  
The manufacture 

Because of this highly specialized requirement ,  few steel  com- 

ucts  a r e  continually replaced to maintain des i rab le  quality s tandards.  
of rolls i s  a much m o r e  specialized operation, technically and process-wise ,  than the 
making of ingot molds,  
panies make their  own rol ls ,  p refer r ing  to purchase them f rom companies specializing 
in this i t em.  

Incineration Fac i l i t i es  

The making of iron and s tee l  requi res  the use of many ma te r i a l s  that a r e  not a p a r t  
of the ironmaking and steelmaking processes ,  but a r e  necessary  adjuncts.  
t e r ia l s  include (1)  wood f r o m  pallets used to ship refractory brick into a s tee l  plant, 
( 2 )  paper  o r  plastic bags used in the shipping, s tor ing,  and handling of var ious required 
mater ia l s ,  ( 3 )  paper  s c r a p s  that resu l t  f r o m  the various packaging and shipping ope ra -  
tions, and (4)  various other  solid-waste ma te r i a l s  that a r e  generated in the iron and 
s teel  plants.  Considering the la rge  amounts of such mater ia l s  that a r e  used,  the prob-  
lem of disposal of solid waste  is considerable in the i ron  and s tee l  industry.  Therefore ,  
incineration is commonly pract iced in mos t  s teelworks.  

These m a -  
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APPENDIX B 

GENERAL DESCRIPTION O F  
AIR-POLLUTION CONTROL EQUIPMENT 

Many processes  involved in  the making of i ron  and s teel  c r ea t e  particulate and 
gaseous emissions that resu l t  i n  air-pollution problems of varying degrees .  
the emissions a r e  nothing m o r e  than s imple dusts ,  occurring in  ra ther  sma l l  amounts, 
that can be removed by  equipment of somewhat s imple  design. 
sions a r e  m o r e  complicated in  charac te r  and requi re  m o r e  complicated equipment to 
achieve des i red  levels of discharge to the a tmosphere .  
emissions generated in  the making of i ron  and s teel  a lso requires  different  amounts of 
energy (and involves different  operating cos t s )  to achieve acceptable dust  loadings to the 
atmosphere.  One example of typical var ja t ions in  energy requirements  fo r  various exit. 

Some of 

Other particulate emis -  

Capture of different particulate 

dust  loadings is  shown in Figure B-1. (1)- 

0 .05 .IO .I5 

Ex i t  Dust Loading , grains per standard cubic foot 

FIGURE E-  1. EXAMPLE O F  COMPARATIVE ENERGY LEVELS TO 
MAINTAIN TYPICAL EXIT-DUST LEVELS 

In addition to  particulate emiss ions ,  some p rocesses  in the s teel  industry produce 
gaseous emiss ions  that requi re  the application of chemical methods i f  they a r e  to be 
captured. 

One of the outstanding methods f o r  control  of emissions,  especially fo r  control 
of gaseous emissions,  involves the installation and application of automatic controls 
on combustion equipment. This  method at tacks the problem by inhibiting the fo rma-  
tion of some undesirable components r a the r  than by collecting them af te r  they a r e  
formed.  

'References cited in this appendix are listed at the end of Appendix 6 .  
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Although the  design and na ture  of emission-control  equipment i s  vitally important 
to the effect iveness  of collection, the behavior and efficiency of even the best and most  
suitable equipment in a par t icu lar  situation is affected drast ical ly  by factors  such a s  the 
age and condition of the equipment, the skil l  and att i tudes of i t s  opera tors ,  and the 
degree  of attention given to regular  and sufficient maintenance. 

Par t icu la te  emiss ions  in the integrated i ron  and s tee l  industry can be classified 
in th ree  forms(‘): 

(1) Emiss ions  containing particulate ma t t e r  in the  f o r m  of relatively 
coa r se  par t ic les ,  a substantial portion in s i zes  above 10 microns.* 
This includes gr i t  f r o m  combustion p rocesses ,  kilns and calciners ,  
grinding and screening operations, and f r o m  d r i e r s .  

( 2 )  Emiss ions  in  which the  majori ty  of the par t ic les  a r e  between 1 micron  
and 10 microns ,  and a r i s e  f rom steelmaking p rocesses .  The fine a i r -  
borne par t ic les  found in industrial  a tmospheres  a r e  in this s ize  range. 

The th i rd  s i ze  range  of emissions includes t r u e  fumes ,  which a r e  pre-  
dominantly below 1 micron .  They may produce industrial  haze ,  e i ther  
alone, in  combination with normal  a tmospheric  fogs,  o r  a f te r  interac-  
tion with other  contaminants in  the a tmosphere .  
a r e  fumes  f r o m  oxygen-blown open hea r ths ,  e lec t r ic -a rc  furnaces ,  
and basic-oxgyen (BOF) furnaces.  

(3) 

Typical of these 

Equipment that can be used to  control air pollution in  the  integrated i ron and s teel  
industry can be classi f ied into fou r  general  groups which are: 
l ec to r s ,  (2 )  e lectrostat ic  precipi ta tors ,  (3) bag f i l t e r s ,  and (4) wet scrubbers ,  including 
sp ray  scrubbers .  ( ‘ ~ 3 )  

(1) cyclone dust col-  

Cyclone Dust Col lec tors  

The principle of operation of cyclone s e p a r a t o r s  is the imposition of a centrifugal 
accelerat ion on gas-borne par t ic les .  
laden g a s  tangentially to the per iphery of a cylindrical  vesse l ,  result ing in  a spiraling 
flow pat tern that causes  the  solid par t ic les  to be thrown outwards to  the  wall of the 
ves se l ,  where  they fall to  a conical discharge pipe.  
the  axis of the vesse l .  
pipes is governed by the requi red  charac te r i s t ics  of t he  unit. 
differ f r o m  high-efficiency units by having l a r g e r  inlet  and exit a r e a s  f o r  a vesse l  of a 
given d iameter .  
F igure  B-2. In theory,  small-diameter  cyclones will  have an  efficiency*’’ super ior  to 
l a r g e r  units of similar proport ions.  High throughput combined with high efficiency is 
somet imes  achieved by nesting a number of smal l  cyclones into a single unit a s  shown 
in F igure  B-3. 
can  develop poor per formance  charac te r i s t ics  because of blocking of the small sol ids-  
discharge pipes, which resu l t s  in  uneven distribution of gas .  

* 1 micron = 0.001 mm. 

This is  usually achieved by admitting the dust- 

The  clean-gas exit is located on 
The configuration and relat ive s ize  of the gas  inlet and outlet 

High-throughput units 

High-efficiency and high-throughput cyclones a r e  i l lustrated in 

However, t he re  is a hazard that units containing small nested cyclones 

Efficiency refers to the amount of paniculate matter removed by the control system, expressed as a percentage of the amount 
of paniculate matter i n  the entering gas. 
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a. High-Efficiency Cyclone b. High-Throughput Cyclone 

FIGURE B-2. TYPICAL CYCLONE CONFIGURATIONS 

'CENTRIFUGED 4 DUST 

FIGURE B-3. NESTED TUBULAR CYCLONES 

TUBE PLATE 
/ \ 

CLEANED 
GAS - 

SECONDARY -.J \u CIRCUIT 

FIGURE B-4.  CELLULAR CYCLONE 
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The efficiency of a cyclone can be increased  by introducing wa te r  into the sys tem.  
This is usually done with a ring main located just  below the  top cover  plate of the 
cyclone. 

Medium-efficiency cyclones (such as the cel lular  cyclone i l lustrated in  F igure  B-4) 
are sometimes used to  reduce the  load on subsequent dust-removal  equipment. Swirling 
action is  induced by passing the gas through pitched vanes .  

Electrostat ic  Prec ip i ta tors  

The action of e lectrostat ic  precipi ta tors  is based on the passage of a dust-laden 
g a s  through an  intense electrostat ic  field between electrodes of opposite polarity.  The 
par t ic les  take up an e lec t r ica l  charge f r o m  the d ischarge  electrodes,  and a r e  acce ler -  
a ted towards the grounded electrodes o r  collector plates ,  which a r e  a t  opposite polarity. 
The  dust par t ic les  give up the i r  charge and a r e  deposited a s  a l a y e r  on the collector 
p la tes .  
rapping that causes  the dust to fall into two collecting hoppers .  

Two genera l  types of e lectrodes a r e  in  general  use:  

The l aye r s  of dust  a r e  usually removed f r o m  the  collector plates by periodic 

(1) the wire-in-tube sys t em 
as shown in Figure B-5, and (2 )  the wire-and-plate type shown i n  Figure B-6. 
a r e  many refinements of e lectrode configuration employed by equipment manufacturers .  
A schematic  i l lustrat ion of a full-size wire-and-plate e lectrostat ic  precipitator is shown 
in Figure B-7. 

There  

PLATES 

FIGURE B- 5 .  WIRE-IN-TUBE FIGURE B-6. WIRE-AND-PLATE 
ELECTROSTATIC PRECIPITATOR ELECTROSTATIC PRECIPITATOR 

When designing electrostat ic  precipi ta tors ,  a g rea t  deal of attention mus t  be paid 
to the quantities of dust  that  mus t  be handled, and l a rge - sca l e  pilot-tests a r e  often r e -  
quired to  obtain accura te  a s ses smen t  of precipi ta tor  per formance .  Lack of attention to 
such i tems as the resis t ivi ty  and stickiness of dusts  h a s  led to  ser ious  malfunctioning 
of precipi ta tor  installations,  because of excessive buildup of the voltage gradient a c r o s s  
the collected dust.  This r e su l t s  in local a r e a s  of intense e lec t r ica l  discharge and leads 
to the effect  known as "back ionization". 
quirements  in  excess  of the capacity of the e lec t r ica l  equipment, which causes  a drop  
in voltage and resu l t s  in poor collection efficiency. 

This  back ionization resu l t s  in  cu r ren t  r e -  
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F I G U R E  B-7. INTERNAL CONSTRUCTION O F  WIRE-AND-PLATE 
ELECTROSTATIC PRECIPITATOR 

Bag F i l t e r s  

The f i l t e r  cloth of bag f i l t e r s  consists of th reads  about 500 microns  in d iameter  
which a r e  spaced 100 to 200 microns apar t ,  thereby forming a sieve with la rge  openings. 
However, the openings a r e  c r i s s - c ros sed  by fine f i b e r s  about 5 to 10 microns  in diam- 
e t e r ,  which a r e  the individual fabr ic  f ibers .  The fine f ibers  f o r m  effective impingement 
targets  and can remove a high por~tion of submicron particles.  (4) A diagram of a typical 
f i l ter  fabr ic  is i l lustrated in  Figure B-8. 

During the passage of a dusty gas  through the fabric,  par t ic les  will impinge 
upon, and be retained by, these fine f ibers  and cause  a buildup of a layer  of solid 
mater ia l  on the fabr ic .  
accumulation will be in the f o r m  of a loose floc that will effectively t r a p  even submicron- 
s ized par t ic les .  The progressive accumulation of solid mater ia l  on the fabr ic  eventually 
leads to an  excessively high p res su re  drop in the system, o r  to a local breakdown of the 
f i l t e r  bed (i. e . ,  the accumulated dust) .  

If the gas  velocity through the fabric  i s  low enough, this  solid 

The necessity for  the periodic cleaning of the 
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f i l t e r  fabr ic  resu l t s  in a tendency f o r  the efficiency to  vary  in a cycle-like manner ,  a s  
the floc f i l t e r  bed progressively builds up, and then cyclically is removed. 
tion of multiple-bag units enables collection efficiency approaching 100 percent to be 
obtained. 
The condensation of mois ture  on the bags leads to rapid blinding of the fabr ic  and 
usually f o r c e s  shutting down the unit for  cleaning. 

The opera-  

C a r e  must  be taken not to  cool the enter ing gases  to  below their  dew point. 

r F i n e  f ibers.5 to10 microns 

Main strands, 506 microns in diameter 

FIGURE B-8. DIAGRAM O F  A TYPICAL FILTER FABRIC 

Bag-fil ter  fabr ics  must  have properties that wil l  permi t  them to operate in var i -  
ous atmospheres  and a t  var ious tempera tures .  
l imitations f o r  some representat ive bag-house f a b r i c s  a r e  listed in Table B-l(57. The 
serv ice  life of f iberg lass  bags has  been extended somewhat by treating the fabric  with 
silicone compounds. 

Operating atmospheres  and t e m  e r a t u r e  

TABLE B-1. OPERATING CONDITIONS FOR TYPICAL BAGHOUSE FABRICS 

Maximum 
Fabr ic  General Use Temperature ,  F 

Cotton Noncorrosive o r  mildly alkaline dus ts  and gases  180 

Wool Mildly acid conditions 200-21 5 

Nylon Alkaline dusts  o r  gases  unsuitable f o r  acid conditions 200-215 

Dyne1 More acid-resis tant  than wool o r  Orlon 200-  2 15 

Orlon Widely used for  corrosive gases  250-275 

T erylene Widely used for  corrosive gases  275-300 

Fiberg lass  Resistant to  most  gases except hydrogen fluoride 500-650 

Bag filters a r e  capable of handling gases  with medium to high dust concentrations. 
Three  general  types of bag f i l t e r s  a r e  generally used: (1) low-velocity filters, (2) 
(2)  shaker-type bag f i l t e r s ,  and ( 3 )  the reverse- je t  f i l t e r s .  
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Low-Velocity Bag F i l t e r  

This type of bag f i l t e r  consis ts  of multiple fabr ic  bags suspended vertically in a 
box housing a s  shown in F igure  B-9. 
major  disadvantage of the low-velocity bag f i l t e r  is  that, to prevent  blinding of the fabr ic ,  
gas  velocities a r e  low (about 3 fee t  p e r  minute) .  Higher velocities tend to  dr ive  par t ic les  
into the fabr ic  making it difficult to  remove the dust by s imple shaking. 

A relatively s imple bag-shaking gear  i s  used. A 

CLEANED 
GAS 

t 
CLEANED 

GAS 

t 

FIGURE B-9. LOW-VELOCITY BAG FILTER 

Shaker-Type Bag Filter 

The shaker-type f i l t e r  is similar in configuration to the low-velocity bag filter 
except that it is  equipped with an  automatic rapping g e a r  which may be actuated on a 
predetermined cycle,  o r  on reaching a cer ta in  p r e s s u r e  drop a c r o s s  the filter. The  
.shaker-type filter typically is able  to  to le ra te  a face velocity of about 6 fee t  pe r  minute 

when dust loadings a r e  low because of the m o r e  efficient method of bag cleaning. 
more  c o m o n  face velocit ies fo r  bag col lectors  used in  the s tee l  industry a r e  3 fee t  
pe r  minute o r  l e s s .  

The 

The shaker-type bag f i l t e r  is i l lustrated in  Figure B-10. 

Reverse-Je t  F i l t e r  

In o r d e r  for  normal  bag f i l t e rs  t o  operate  a t  high efficiency, it is necessa ry  to  

The reverse- je t  f i l ter  h a s  design 
provide la rge  a r e a s  for  fi l tration and avoid frequent cleaning, which in  turn  l imi t s  the 
maximum dust concentrations that can be handled. 
and operating charac te r i s t ics  intended to overcome these  l imitations of normal  bag f i l -  
t e r s .  These  charac te r i s t ics  of r eve r se - j e t  filters a r e  as follows: 

(1) A felt  of compressed  wool is used a s  the f i l t e r  fabr ic  and has  a suf -  
ficiently c lose  texture  that it can ac t  as an effective f i l ter  without the 
requirement  that a floc m u s t  build up to aid in  dust-retention capability. 

The deposited dust is  removed by a r e v e r s e  cu r ren t  of air f r o m  an 
external  blow ring which t r a v e r s e s  the  length of the bag, usually con- 
tinuously. 
in  F igure  B- 11. 

(2)  

The construction of a typical r eve r se - j e t  f i l t e r  is i l lustrated 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  - COLUMBUS LABORATORIES 
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CLEANED AIR DUCT 

FIGURE B-10. SHAKER-TYPE BAG FILTER 

, 

INLET MANIFOLD 

CLEANED GAS 

FIGURE B-11. REVERSE-JET BAG FILTER 

Limitations on operating velocities a r e  l e s s  than fo r  normal  bag f i l t e r s ,  because 
the  requirement  f o r  deposited dust to improve efficiency is eliminated. F a c e  velocit ies 
of 10 f ee t  pe r  minute a r e  common, and in  some c a s e s  the face  velocities can be a s  high 
a s  15 to 20 f ee t  p e r  minute. Eff ic iencies  a r e  c lose  to 100 percent  fo r  par t ic les  down to 
about 1 micron  in s ize .  

B A T T E L L E  M E M O R I A L  I N S T I T U T E  - COLUMBUS LABORATORIES 

I 
1 
1 
IE 
I 
I 
I 
I 
t 
1' 
I 
1 
I 
I 
I 
I 
1 
I 
I 
I 
I 



B-9 

A modification that h a s  been developed is  called a "pulse-jet f i l ter".  Bag-cleaning 
is achieved by blowing strong j e t s  of a i r  into the bags f r o m  the "clean" side of the fabric ,  
thus causing a r eve r sa l  in air flow and agitation of the bags. 
in sequence so  as to maintain consistent collection efficiency. However, difficulty may 
be encountered in the removal of ma te r i a l  f r o m  the fabric,  and a progress ive  buildup of 
dust may resul t  in an increased  p res su re  drop in the sys t em and a requirement  f o r  
periodic removal of bags for  cleaning. 

The bags may be cleaned 

Wet Scrubbers  

W e t  s c rubbe r s  can be divided into two categories,  (1) wet-impingement sc rubbers  
and ( 2 )  spray  scrubbers .  
dust-laden gas  impinges on a liquid body, the g a s  will be deflected around o r  away from 
the liquid body, but the dust par t ic les  (having g r e a t e r  iner t ia)  will tend to collide with 
the surface of the liquid and be subject to a retaining force .  

The principle of operation in these scrubbers  is that when 

Wet-Impingement Scrubbers  

Wet-impingement sc rubbers  a r e  dependent on a l a y e r  of water  a s  the entraining 
medium for dust par t ic les .  I r r igated-target  sc rubbers ,  orifice-plate sc rubbers ,  and 
disintegrators fall  in  this category. 

I r r iga ted-Targe t  Scrubbers ,  This sc rubber  functions by passing a g a s  upward 
through a flooded perforated plate so that the liquid on the top of the plate is atomized 
at the edges of the or i f ices .  This atomization c r e a t e s  a dust-trapping spray  directed 
at t a rge t s  located above the or i f ices ,  as i l lustrated in F igure  B-12. 
t u re  of this design is  its apparent f reedom f r o m  choking of the holes in the orifice plate.  
Scrubbers  of this type may incorporate severa l  or i f ice  plates in s e r i e s ,  two o r  three 
being usual. 

An important  fea- 

Each plate imposes a p r e s s u r e  drop of about 3 inches of water  gage. 

TARGE1 . . .. . . - 

IZED AT EDGES 
OF ORIFICES 

FIGURE B-12. IRRIGATED-TARGET SCRUBBER 
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Or i f ice-Pla te  Scrubbers ,  Scrubbers  of this type operate on essentially the same 
principle a s  the i r r igated-target  sc rubber ,  except f o r  the omission of the target  above 
each orifice.  Scrubbers  of this type have been used in  the cleaning of blast-furnace 
g a s .  (6 ) 

Disintegrators.  Disintegrator sc rubbers  have found u s e  in the past  in cleaning 
In scrubbers  in which a spray  is generated, the energy re- blast-furnace gases .  (7) 

quired to atomize the liquid is obtained at  the expense of a p r e s s u r e  drop o r  by pumping 
the liquid through nozzles. 
c r eased  relative velocity between the liquid droplet and par t ic le ,  higher efficiencies 
a r e  attained by increasing the energy input to the sys tem.  
tegrator ,  this increased  energy is  obtained by passing both the dir ty  g a s  and the 
scrubbing liquid into the intermeshing vanes of a s ta tor  and high-speed rotor  as  shown 
in  F igure  B- 13. Disintegrators are relatively inexpensive when their  high performance 
i s  considered. 

Because the collection efficiency inc reases  with the in- 

In the case  of the disin- 

However, their  energy and water  consumptions a r e  high. 

SECTION-ROTOR SECTION-STATOR 
BLADES ONLY 1 BLADES ONLY 

FIGURE B-13. DISINTEGRATOR 

Spray Scrubbers  

Spray sc rubbe r s  are  those in which the scrubbing liquid is  broken into a spray  to  
f o r m  a large number of collection s i tes .  
by increasing the relative velocity between the sp ray  droplets and dust par t ic les ,  thus 
raising the collision ra te  between particles and droplets.  
sc rubbers ,  and flooded-disk scrubbers  fall into this c lass .  

The efficiency of s p r a y  scrubbers  is improved 

Spray towers,  venturi 

Spray Towers .  The sp ray  tower ( a s  i l lustrated in F igure  B-14) has  become some- 
what obsolete because of its relatively high cost. 
a s  a part of original b las t - furnace  installation, the s p r a y  towers  somet imes  a r e  used a s  
precoolers  f o r  the l a r g e  quantities of gas involved. Spray  towers  have the advantage that 
no very  close clearances a r e  involved, and a s  a resul t ,  the unit can handle relatively 
high dust concentrations without suffering f r o m  choking problems.  
v e r y  fine sp ray  is not involved, the sp ray  genera tors  do not requi re  fine je t s  and rel i -  
ability is improved. 
quite a high concentration of solids.  

However, where the s t ruc tu res  exist  

In addition, because 

Also, the spray  water  often can be recirculated until it  contains 
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FIGURE B- 14. SPRAY TOWER 

Venturi Scrubbers.  Venturi s c rubbe r s  a r e  charac te r ized  by their  high collection 
efficiency over a l a rge  range of particle s i zes  and their  correspondingly high p r e s s u r e  
drop. 

Water i s  admitted f r o m  j e t s  to the throat  of a constriction in the duct car ry ing  the 
dusty g a s .  
droplets of water  leads to a ve ry  high particle-droplet  collision rate .  
the gas is then passed to a cyclone where  the agglomerated par t ic les  that a r e  now 
relatively l a rge  can be separa ted  easily.  
F igure  B-15. Optimizing of the performance of high-energy scrubbers  ( such  a s  venturi  
sc rubbers )  is important, because the power consumption of such scrubbers  can be quite 
high. 
sc rubbers  whose p r e s s u r e  drop and per formance  can be controlled while the scrubber  
is operating, either to deal with varying gas  r a t e s  o r  to maintain a given efficiency 
during a particular period of operation. A variable-throat venturi scrubber  that oper- 
a tes  in this manner  is i l lustrated in  F igure  B-16. A scrubber  of this type can be oper- 
ated for short  periods of time when the p rocess  requirements  demand it, at a p r e s s u r e  
drop that would be imprac t ica l  o r  uneconomical for  continuous operation. 

The high gas velocity a tomizes  the water ,  and the rapid acceleration of the 
F r o m  the venturi, 

A simple venturi sc rubber  is  i l lustrated in 

Optimizing of ventur i -scrubber  per formance  h a s  led to the development of 

TO CYCLONE 
SEPARATOR 7 

LDUST LADEN GAS INLET 

FIGURE B-15. VENTURI SCRUBBER 
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~ L E X B L E  
WSl-Uc€N 

F I G U R E  B- 16. VARIABLE-THROAT VENTURI SCRUBBER 

Another modification of a venturi sc rubber  is  shown in F igure  B-17. Fine nozzles 
The liquid flows and je t s  a r e  omitted, and s l u r r i e s  can be used as the cleaning medium. 

down the sides of the scrubber  toward the venturi throat  where  it cascades and fo rms  an 
atomized spray  to p e r f o r m  the entrapping function on the par t ic les .  

DUST -LADEN 
GAS 

1 

CLEANED 
GAS 

F I G U R E  B- 17. VENTURI SCRUBBER USING SLURRIES 

Flooded-Disk Scrubber.  In the flooded-disk scrubber ,  an atomized spray  is ob- 
tained by positioning a rotating disk in the path of a dusty gas  and flooding the surface 
of the disk with wa te r ,  as shown in Figure B-18. An atomized spray  generated in this  
way h a s  good particle-collection character is t ics .  Also it is  possible to va ry  the posi- 
tion of the disk in the tapered  throat and allow f o r  fluctuations in gas  throughput. 
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I DUST-LAOEN 

FLOODED DISC 

AUTOMATIC 
DISC POSlTlONER 

WATE 

FIGURE B-18. FLOODED-DISK SCRUBBER 
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