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ABSTRACT 

Direct reduction of iron ore by one or more processes  un- 
der study by s teel  companies will not displace t he  blast  furnace 
but should supplement or complement ore reduction by blast  fur- 
naces .  Direct-reduction plants will be developed in  locations 
where small-scale local production i s  desired but coking coal i s  
not available,  or where cos t s  a re  high. 

Direct reduction of iron ore may be  used to  increase the 
capacity of either old or new plants to  produce material that can 
be  substituted for scrap iron in  the charge t o  the  open hearth fur- 
nace or t o  enrich a normal blast  furnace charge. It may be used 
near a market and where ore and coal can be  assembled cheaply, 
conditions that a re  especially favorable along the  waterways in  
Illinois . 

INTRODUCTION 

The s teel  industry ha s  been interested for a long time in  a simple, workable 
process for direct reduction of iron ore, and every major s teel  producer in the Unitec 
States i s  investigating such processes. Some 15 or more methods have been devel- 
oped on a laboratory or pilot plant scale; one or two of them a re  being used com- 
mercially abroad. Several plants a re  in the planning s tage in  the  United States  
and the next decade should witness further expansion of these  processes .  

Interest in direct reduction, a term commonly applied t o  a l l  processes  other 
than the blast  furnace process, a r i ses  because of cos t s  and raw material supply. 
The cost  of scrap, an  important ingredient in  charging the s teel  furnace, ha s  been 
rising and may continue t o  do so .  Synthetic &rap produced by direct reduction may 
be used t o  supplement present supplies of blast  furnace hot metal and natural scrap 

A second reason for interest in direct reduction processes  i s  the  mounting 
cos t s  of blast  furnace construction. The capacity of existing blast  furnaces could 
be expanded by enriching the charge with low-quality iron from a direct reduction 
process. 

Another reason i s  the limited distribution and increasing cost  of coking coal 
that i s  suitable for the  preparation of metallurgical coke. 

Most of the  current research and development work in  direct reduction in- 
volves treatment of ore in a kiln, a fluidized bed, or a shaft furnace, processes  
which permit more flexibility in  reductants. Some methods u se  hydrogen, methane, 
or other gases ,  but solid fuels lacking the rigid specifications for coking purposes 
a re  more suitable for others.  Some processes a l s o  provide more flexibility in the  
ore that can be treated. 

One or more of the methods under study will find application in  t he  s teel  
industry. New processes a re  not expected to  replace the  blast  furnace but they 
may supplement or complement present steel-making methods. 
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Conditions in Illinois appear to  b e  unusually favorable for t he  introduction 
of one or more of the  processes  of direct ore reduction. Ores a r e  access ib le  by 
water transportation from the  Lake Superior district  or Latin American sources. Iron 
ores of about 50 percent natural iron content a l s o  may be available in  adjacent 
Missouri. Coal i s  mined efficiently in  the mechanized and highly productive mines 
of Illinois and can be delivered t o  plants along the waterway a t  small additional 
transportation cos t .  Climatic conditions a re  favorable for year-round operation of 
waterways carrying Latin American ores t o  points i n  southern Illinois. Economical 
transportation of imported ores  i s  possible because of efficient ore-handling facil- 
i t i es  a t  the  Gulf tidewater. 

A potentially large market exis ts  in the St. Louis industrial area within the  
s tee l  industry and in  iron and s teel  foundries. In addition, a large area t o  the 
south and west ,  much of i t  within reach of barge transportation, offers a n  expand- 
ing market for iron and s teel  and products made from them. 

This report was  prepared to  bring attention t o  these  favorable conditions 
and t o  analyze the factors which account for them, 

IRON AND STEEL PROCESSES 

The producer of s teel  must reduce the  iron ore, refine the resulting iron, 
and carefully control the removal of carbon and the  addition of other ingredients in  
order t o  give the  finished s teel  i t s  desired properties. 

The b las t  furnace, the  traditional equipment for reducing iron ore, has  pro- 
duced a n  estimated 97  percent of the world's output of iron. Limited quantities of 
iron have been produced by electric furnaces and a number of other processes ,  but 
these  procedures have never provided the  advantages which the  blast  furnace offers. 

Bla s t  Furnace 

The blast  furnace i s  essentially a large hollow shaft or tower of s teel ,  lined 
with fire-resistant brick. From a maximum diameter' of 25 t o  30 feet a short dis- 
tance above i t s  base ,  the shaft tapers s l ight ly toward the top. The furnace height 
ranges up t o  120 feet or more, 

Iron ore, fuel (coke), and fluxing material (limestone and dolomite) a re  fed 
periodically i n  alternate layers into the  top of the furnace. A blast  of hot a ir  enters 
near the bottom of the furnace and passes  upward through the charge. Partial com- 
bustion of t he  coke causes  formation of carbon monoxide ga s  which a c t s  a s  an  agent 
to  reduce t he  ore (mostly iron oxide) t o  metallic iron. At the high temperature in  
the lower part of the furnace both the  iron and limestone become molten. The iron, 
being heaviest ,  se t t l es  t o  the bottom, and the  limestone slag, containing the im- 
purities from the  ore and coke, floats on top of i t .  The s lag  and molten iron are  
drawn or tapped from the furnace a t  different l eve ls  five or s ix  times a day. The 
molten iron i s  transferred directly to  steel-making furnaces a s  hot metal, or c a s t  
into molds and allowed to  cool t o  form pig iron. 

The daily capacity of modern blast  furnaces in the  United States  ranges be- 
tween 600 and 2,000 tons of iron. 

As the blast furnace offers an  efficient and economical process for reduc- 
ing iron ore in  large quantities,  i t  i s  not l ikely to  be replaced by any other method 
in the foreseeable future. Nevertheless i t  has  limitations and disadvantages that 
may.be briefly noted a s  follows: 
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1) For economical operation a blast  furnace must be large enough to have 
a minimum capacity of about 1200 tons per day. The tremendous capital invest- 
ment required i s  justified only if there a r e  resources within a reasonable dis- 
tance t o  supply raw materials throughout the  l i fe  of the furnace. There a l so  
must be  a n  effective transportation system to  handle the large quantities' of 
materials involved and a market for the  iron produced. 

2) Raw materials for the furnace charge, especially coke and ore, must 
meet certain rigid specifications. 

a )  Coke. Blast furnace coke must be strong enough to support a 
heavy burden of material above i t  and porous enough to  permit passage of 
the blast  and t o  provide good contact with the  a i r  for the  chemical reactions 
that must occur. The coke must be low in sulfur and other impurities that 
would contaminate t he  iron and have t o  be removed later .  The s i ze  and 
distribution of reserves of coa ls  suitable for making such coke a re  limited. 

b) Ore. The average grade, or iron content,  of iron ore available with- 
in  the united States i s  steadily declining. Economic u se  of a high-cost 
blast furnace, however, demands that i t  be  operated for fullest iron output 
a t  a l l  t imes. This means that low-grade ores must be  up-graded by remov- 
ing a t  l e a s t  a portion of the waste  material before being charged into the  
blast  furnace. Some natural ore must be  crushed and ground to separate the  
iron-bearing particles from the  waste .  Because a coarse and fairly uniform 
sized ore i s  required in the  furnace, finely ground particles cannot be 
charged until they a r e  formed into pel le ts  or sinter. The upgrading or con- 
centrating involves costly equipment and processes .  

By-pas sing the Blast Furnace 

The problems and limitations of the  blast  furnace a re  becoming increasingly 
important. The large high-grade ore deposits within the United States a r e  being 
depleted rapidly s o  that lower grade materials (such a s  the  taconites of Minnesota) 
and smaller isolated deposi ts  of ore must be  used,  and increasing quantities of ore 
must be  imported from abroad. Reserves of high-grade coking coals  a re  limited, 
and soon l e s s  suitable coa ls  that  require treatment and blending will have t o  b e  
used (Risser, 1958). Continuing inflation i s  making the  construction of new plants 
more costly. The demand for iron and s teel ,  however, and the necessary capacity 
t o  provide them are  steadily increasing. As a result ,  t he  s teel  industry is investi-  
gating numerous processes  that appear t o  offer some promise of a solution t o  these  
problems. 

Attempts a t  direct reduction of iron ore a r e  not new. As early a s  1876 pat- 
ents for such processes  were issued in  the United States ,  and s ince that  time 
dozens more have been issued (Barrett, 1949). At present several processes  a re  in  
u se  on a limited sca le  and others are  undergoing detailed study. The general prin- 
c iples  involved in  some of the processes  a re  described briefly below, with more 
detail  on those that seem to be  particularly suitable t o  Illinois resources and 
geographic location. 

Several of the  direct reduction processes  operate on the  principle of the 
fluidized bed in  which finely ground iron ore i s  held in  suspension by a n  upward 
flow of hot reducing gases  (carbon monoxide and/or hydrogen) . In most c a s e s  the 
reducing gases  a r e  obtained from re-formed natural ga s .  The fine particles of iron 
obtained by these  processes  generally a re  pressed into briquettes and used a s  a 
substitute for pig iron or scrap in the steel-furnace charge. 
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In some other processes ,  the  reducing gas  i s  passed upward through coarse 
ore in  a vertical shaft  furnace, a rotary or tunnel kiln, or other types of hearth or 
grate furnaces t o  produce lumps or particles of "sponge" iron, 

Some direct-reduction processes  u se  coke, char, anthracite fines, or coal 
a s  a reducing agent .  Unlike the  blast-furnace process, direct-reduction processes 
do not require a pure and high-strength coke s o  that coa ls  considered unsuitable 
for manufacture of metallurgical coke may be used satisfactorily. 

It ha s  been suggested (Mining World, Nov. 1958, p. 44) that direct-reduction 
processes  might be  used to: 

1) Give additional capacity t o  existing plants.  
2)  Provide a substitute for scrap iron for u se  in  open hearth furnaces. 
3) Provide material t o  enrich normal blast-furnace charges and thus gain 

operating economies. 
4) Produce iron in  a reas  where flux and fuels a re  not readily available.  

Among the  most publicized methods, a t  l e a s t  three of the rotary kiln pro- 
c e s s e s  appear suitable for u se  in Illinois, the Krupp-Renn, R-N, and Strategic-Udy 
processes .  All three can  satisfactorily u s e  Ill inois coal or char or coke made from 
Illinois coal.  

Krupp-Renn Process 

The Krupp-Renn process (fig. 1) was  developed in  Germany during the 193O1s, 
and by the end of World War 11 38 kilns with an  annual capacity of 1,000,000 tons 

COAL ORE STONE 
or 

COKE 

V FLUE GAS 

ROTARY K l L  N -. - 

U 
,JRNERS 

(Coal F ~ r e d )  

QUENCH * 
MAGNETIC F I N E S  

WASTE 

Fig. 1. - A simplified flow sheet  of the  Krupp-Renn process, a 
European development used i n  several foreign countries. 
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of "luppen" were in  operation in Europe and the Far East (Mining World, Nov. 1958, 
p. 44), After the war most of the original plants were dismantled, but s ince 1950 
several new ones have been built. Plants a r e  being operated in  Spain, Greece, 
and Germany, and others a re  under construction, 

The Krupp-Renn process u se s  a rotating cylindrical kiln about 15 feet in 
diameter and 360 feet long. A mixture of iron ore, solid fuel, and limestone for 
flux i s  crushed t o  1/4-inch s i ze  and fed into t he  kiln (Wuerker, 1951). Combustion 
of the solid fuel within the mixture provides carbon monoxide t o  reduce the iron ore, 
and the limestone forms a s lag t o  pick up the  impurities. A s  the feed materials a r e  
gradually moved through the  kiln and mixed by the rotating motion, the  ore i s  con- 
tinuously exposed t o  t he  reducing gas se s ,  Additional heat  for the  process i s  pro- 
vided by hot a i r  and gases  generally from coal-fired burners mounted near the dis- 
charge end of the  kiln. 

As the feed travels through the  first 20 percent of the  kiln length, i t  i s  
dried and preheated t o  a temperature of approximately 1100°F. Throughout most of 
the  remainder of the kiln length, ore reduction occurs a t  temperatures ranging from 
1100" t o  2000 O F  a s  carbon monoxide reacts  with the  iron-oxide ore forming carbon 
dioxide and metallic sponge iron. Near the  end of t he  kiln the  finely disseminated 
iron ore, a t  a temperature of 2300°F t o  2800°F col lects  into nodules or "luppen, " 
ranging from 1/16 t o  1 i  inches in diameter, that a r e  entrapped within the pasty or 
viscous s lag.  

The s lag containing the  iron nodules is discharged from the kiln and quenched 
in  water. It is then crushed and the iron i s  separated magnetically from the  par- 
t i c les  of slag. 

Among the advantages claimed for the Krupp-Renn process i s  flexibility in 
the range of ore grades that can  be  processed. Low-grade ores,  pyrites, and ores 
containing titanium, nickel, and other metals can  be treated. 

Because a highly silicious s lag i s  desirable for proper formation of nodules, 
the Krupp-Renn process i s  especially adaptable t o  fine iron ores  with a high silica 
content.  A further advantage i s  in the  wide variety of suitable fuels which include 
coal,  anthracite,  coke breeze, char,  and low-temperature coke. 

A major disadvantage of the  Krupp-Renn process is that about 30 percent of 
any sulfur in  the charge is carried into t he  luppen. Another problem is the difficulty 
of controlling fluidity of the  s lag.  

At some places the luppen produced by the Krupp-Renn process may be  used 
a s  a charge for electric or open hearth steel-making furnaces. But if the iron i s  
not pure enough to u se  in s teel  furnaces, because of ore or fuel characteristics,  
the luppen can be  used a s  a high-grade feed material t o  improve blast furnace per- 
formance. 

R-N Process 

The R-N process (fig. 2) for the treatment of iron ores  was  developed joint- 
ly  by the  Republic Steel Corporation and the  National Lead Company. A semi-com- 
mercial demonstration plant with a capacity of 50 to  75 tons per day h a s  been in  
operation a t  Birmingham, Alabama, s ince 1954 and h a s  produced more than 120,000 
tons of iron t o  da te  (Stewart, 1958; Moklebust, 1959). 

The R-N process u se s  a cylindrical rotary kiln 150 fee t  long and 7+ feet in- 
s ide diameter. Feed material cons is t s  of a mixture of iron ore, limestone, and 
solid fuel. The s ize  of ore required depends t o  some extent on i t s  porosity and 
density. In some instances 1 i "  X 0 material i s  satisfactory; i n  others a finer s i ze  
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Fig. 2 .  - A simplified flow sheet  of the  R-N process which u se s  solid fuel 
a s  a reducing agent. 

is needed. The fuel may be  char, breeze, disco,  anthracite,  or low-temperature 
coke. The limestone i s  used t o  remove any sulfur and phosphorous in  the charge. 

Heat for the process i s  provided by preheated combustible ga se s  introduced 
a t  the  discharge end of the kiln. The gas  may be natural gas ,  various manufactured 
gase s ,  the volatile matter obtained from charring coal,  or ga s  formed by combustion 
of fuel oil .  

By accurate control of combustion the  temperature within the  kiln i s  care- 
fully kept below the melting point of the fired materials. As the combustible gases  
a re  introduced in the kiln, a deficiency of a i r  retards combustion. Controlled a i r  
introduced into the kiln a t  intervals along i t s  length regulates the rate of combus- 
tion s o  that  a relatively constant temperature of 195 0 " F i s  maintained throughout 
most of t he  kiln. An excess  of coke (or other reducing agent) combined with ade- 
quate control of air gives a reducing atmosphere within most of the kiln. At the 
same time, enough air  i s  provided for full utilization of the  fuel. The ratio of coke 
in the charge to  gas fed into the  kiln must be  varied depending on the  iron content 
of the ore and the  reduction temperature. At higher temperatures l e s s  gas  and more 
coke i s  used because the reactivity of t he  coke increases  a s  the temperature be- 
comes higher. 

The kiln operation produces a mixture of metallized ore, lime, coke, and coke 
a shes .  The mixture i s  cooled and the  unused coke i s  screened out and returned t o  
the feed bin. The metallized ore i s  ground in a ball mill and the metal separated 
magnetically from the waste  material present.  The magnetic concentrates,  con- 
taining about 95 percent iron, are  pressed into five-pound briquettes and can be  
used a s  feed material for either open-hearth or electric steel-making furnaces. 
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Fig. 3 .  - Flow Sheet of the Strategic Udy process which uses  
solid fudl a s  a reducing agent. Electric power supplies heat 

for the process. 

Advantages reported for the  R-N process include i t s  abili ty to  util ize both 
low-grade fuel and low-grade iron ore.  Char made from non-coking coa ls  and from 
coa ls  of high sulfur content can be  used because 90 to  94 percent of the  sulfur i n  
the  fuel can be eliminated during the  processing operation. There was  no distin- 
gui shable difference in  sulfur content of the  iron produced whether high- sulfur 
(8 percent) fuel or low-sulfur (1.15 percent) fuel was  used (Stewart, 1958) . 

Ores with iron contents ranging from 20 t o  70 percent were successfully 
processed i n  the  demonstration plant a t  Birmingham. 

The low capital  cos t  of the  equipment a s  compared with the  cos t  of a blast- 
furnace plant i s  another advantage of the  process .  It h a s  been estimated that for 
a unit having a n  annual capacity of 400,000 gross  tons,  t he  cos t  per annual ingot 
ton will run between 40 and 50 dollars,  or perhaps a third that of cos t  of the  blast- 
furnace coke-oven combination commonly used.  

Strategic-Udy Process 

The Strategic-Udy process (fig. 3) was  developed by a group of researchers 
headed by Dr. Marvin Udy working in  the  large s ca l e  plant of the  Strategic Mate- 
r ia ls  Coi-poration i n  Niagara Falls,  Ontario. Commercial application of the  process 
i s  under the  joint control of Strategic Materials Corporation and Koppers Company 
Incorporated . 

The Strategic-Udy process involves the u s e  of a rotary kiln coupled t o  a n  
electric smelting furnace (Udy, 1958). Ore, l imestone, and a fuel or reducing 
agent a re  fed continuously into the  kiln. The ore may be  low-grade and complex, 
containing contaminating elements such a s  nickel,  chromium, copper, or titanium, 
without affecting the purity of the iron produced, Unlike the blast  furnace, the 
kiln can  u se  fine ore or finely ground concentrates without spec ia l  pelletizing or  
sintering treatment, 
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The reducing agent can be almost any  type of carbon - bituminous coal,  
anthracite,  l ignite,  char, coke breeze, or coke. Fuel of a fine particle s i z e  is 
preferable. 

The electr ic  smelting furnace i s  coupled t o  the  discharge end of the ki ln .so 
that the heat and carbon monoxide ga s  from the furnace pass  through the kiln and 
over the charge. The carbon monoxide and the reducing agent  i n  the kiln reduce 
the iron ore, About 50 percent of the reduction takes  place within the kiln. The 
material from the kiln i s  discharged into the smelting furnace where the reducing 
operation is completed. The final product l eaves  the smelting furnace i n  a molten 
s ta te .  Operation of the smelting furnace may be controlled to produce either a pig 
iron or a low-carbon semi-steel,  

The entire process requires 13 to  18 million Btu's and 1100 to  1500 kilowatt 
hours of e lectr ical  power per ton of iron produced, 

There are  a number of advantages of the Strategic-Udy process,  Fine ores 
or fine concentrates can  be used directly without agglomerating, sintering, or nod- 
ulizing a s  the blast  furnace requires. Ores containing titanium, manganese, chro- 
mium, or other impurities can  be used directly, which broadens greatly the resources 
of suitable feed material. 

A variety of fuels,  including bituminous coal ,  anthracite,  peat, lignite, or 
coke, may be used a s  a combined reducing agent and source of heat,  

Units can  be developed to operate economically in  s i z e s  that  have a capac- 
i ty  of 50 tons or more per day, The estimated capi ta l  cos t  of a plant producing 500 
tons per day ranges from $30 to  $50 per annual ingot ton of capaci ty  a s  compared 
with a n  estimated $135 to  $150 for the standard blast-furnace coke-oven combina- 
tion. 

Under proper conditions of the Strategic-Udy process ,  the carbon content of 
the product can  be controlled between 0.2 and 3,5 percent, i n  producing metal for 
foundry, e lectr ic  furnace, or open hearth use,  

IRON ORE SUPPLY 

The iron ore supply for the United States  is reviewed i n  great detail  by the 
United States Tariff Commission (1959 )~  Quoting from the report (p, 19): 

It is the consensus of iron and s t e e l  producers that  domestic reserves  
of high-grade, direct-shipping ore and ore that  can  be beneficiated by sim- 
ple methods are  insufficient t o  provide the large quantit ies of iron ore that  
will  be required i n  the future. , . , 

(P. 21): 
It i s  apparent that  additional iron ore supplies i n  the future will  come 

principally from imports and from low-grade taconite deposi ts  i n  Minnesota 
and jasper ore deposits i n  Michigan, 
Development of a direct-reduction process  i n  downstate Illinois does not 

necessar i ly  depend solely upon a supply of ore from the Lake Superior district .  
Recent discoveries of ore bodies i n  Missouri and increasing suppl ies  of ore avail-  
able  in  Latin American nations should a l s o  be considered a s  possible  sources  of 
iron ore. 

Lake Superior Ores 

Iron ore from the Lake Superior dis t r ic t  (fig, 4) is transported by ore-carrying 
railroads i n  Minnesota, Michigan, Wisconsin, and Ontario, by lake transportation 
to  Chicago ports, and by river barge transportation over the Illinois and Mississ ippi  
waterways, 
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Fig. 4 .  - Lake Superior iron ores are available from the Mesabi and Vermil- 
ion Ranges through the port of Duluth and from the Menominee Range 
through the port of Escanaba. Ore from Fillmore County i s  shipped by 
all-rail haul to Granite City. Rail connections shown do not portray the  
actual  route. 

Ore produced i n  Minnesota i s  shipped mainly through the Duluth and Supe- 
rior ports, via Lake Superior and the Soo locks. Ore produced i n  Michigan and 
Wisconsin i s  shipped through the port of Marquette, Michigan, on Lake Superior, 
or through the port of Escanaba, Michigan, on Lake Michigan. 

Iron ore of 47 percent iron content i s  produced i n  Fillmore County, south- 
eastern Minnesota, Production over a ten-year period averaged 309,000 long tons 
per year, Reserves are  estimated a t  800,000,000 long tons. 

The cos t  of delivered ore a t  the point of processing var ies  with differences 
in  rail  and water ra tes  of transportation from point of origin (Wade and Alm, 1958). 
As a n  example, four tabulations of cos t s  are  given i n  table  1. 

Missouri Iron Ores 

Missouri produced 5 30,000 long tons of iron ore i n  1957, according to U, S, 
Bureau of Mines s ta t i s t i cs ,  Hematite ore i s  being produced a t  Iron Mountain i n  
St. Francois County, This operation i s  located on the Missouri Pacific Railroad 
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T a b l e  1. - D e l i v e r e d  Cost  p e r  t o n  of Ore from Var ious  Sources ,  1958 

P o i n t  of O r i a i n  

Mesabi Range 

Cos t  of o r e  a t  mine 

R a i l  r a t e  - Mesabi t o  Dulu th  

Head of Lake S u p e r i o r  t o  Lower Lakes 

R a i l  r a t e  - Chicago t o  G r a n i t e  C i t y  b 

Gogebic 

Cost  of o r e  a t  mine 

R a i l  r a t e  - Gogebic t o  Escanaba 

Escanaba t o  Chicago 

R a i l  r a t e  - Chicago t o  G r a n i t e  C i t y  
b 

Marquet te  and Menominee 

Cos t  of o r e  

R a i l  r a t e  - t o  Escanaba 

Escanaba t o  Chicago 

R a i l  r a t e  - Chicago t o  G r a n i t e  C i t y  
b 

F i l l m o r e  County, Minnesota 

Cos t  of o r e  

R a i l  r a t e  - mine t o  G r a n i t e  C i t y  

a 
I n c l u d e s  un load ing  c h a r g e  of 28 c e n t s  p e r  

L. 

T o t a l  

T o t a l  

T o t a l  

T o t a l  

ton .  

Cos t  

No r a t e s  have been p u b l i s h e d  f o r  ba rge  t r a n s p o r t a t i o n  from Chicago 
t o  S t .  Louis .  

84 miles southwest of St. Louis (fig. 5). Rail shipments of ore t o  Granite City are  
routed through the Terminal Railroad Association of the St, Louis district. 

Brown ores  (limonite) are  being produced by open pit  methods mainly i n  
Howell, Oregon, and Wayne Counties i n  southern Missouri a t  operations that  a re  
on or near the St. Louis - San Francisco Railroad to Memphis. Much of th i s  ore 
i s  sent  to  furnaces i n  Alabama. 

An ore deposit  of considerable promise i s  being developed jointly by St. 
Joseph Lead Company and Bethlehem Steel Corporation a t  Pea Ridge, about 65 miles 
southwest of St. Louis, They began sinking the shaf t  i n  1957 and i t  should be 
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Fig. 5 .  - Iron mines and railroad connections in Missouri. Iron ore i s  now 
being produced a t  Iron Mountain and will be produced a t  a mine being de- 
veloped in northwestern Washington County, Missouri . Rail connections 
make these  ores access ib le  t o  Illinois industrial districts in Madison, S t .  
Clair, and Randolph counties. 

completed in  1959 or 1960, The mine i s  expected t o  be in  production i n  1962 and 
will have a n  eventual capacity of 2,000,000 tons a year. A spur l ine which i s  now 
under construction will connect the Pea Ridge operation with the Missouri Pacific 
Railroad a t  Potosi. This connection will  make i t  possible to ship ore to  a point 
where the railroad is adjacent  t o  the Mississ ippi  River below St. Louis. The cargo 
ore can  then be transferred directly from railroad siding to river barge, without going 
through St, Louis. 

The Mis souri-Illinois Railroad a l so  could be used for ore transportation into 
Illinois. Ore carried on the Missouri Pacific Railroad could be transferred to the 
Missouri-Illinois a t  Bismarck, Missouri, The Missouri-Illinois l ine c rosses  the 
Mississ ippi  River by ferry a t  Thomure, Missouri, and terminates a t  Salem, Illinois, 
where i t  connects with the B, and 0, Railroad and the C, and E, I. Railroad. 
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Foreign Ores 

Iron ore imported into the United States  i n  1958 composed almost one-fourth 
of the total  domestic supply. Canada and Venezuela are  the principal suppliers 
with minor contributions from Peru, Chile, Brazil, Liberia, Sweden, and other 
countries . 

Ores economically feasible  for reduction i n  Illinois could enter through 
southern ports, via the Mississ ippi  Waterway or by rail  through the port of Mobile, 
Iron ore entering through these ports originates i n  Venezuela, Chile, Peru, and 
Liberia (table 2), 

T a b l e  2. - S o u r c e s  o f  I r o n  Ore  Sh ipped  t h r o u g h  Mobi le  i n  1957 a 

From 

Venezuela  

Lonq Tons Value P e r  Ton 

2,388,000 $7.09 

Chi  1 e 86,000 8.90 

Peru  

L i b e r i a  

a I r o n  O r e r  Uni ted S t a t e s  T a r i f f  Commission, Washington, March 1959. 

The ore from a l l  these  South American sources contains approximately 60 
percent iron suitable for blast  furnace use. 

Deposits of iron ore i n  Venezuela, which i s  the largest  of the  three suppliers 
and the most probable source for Illinois markets, is estimated a t  between 5 00 mil- 
lion and 600 million tons of proven ore, The ore must be moved 2200 miles from 
Port Ordaz, Venezuela, on the Orinoco River to Mobile or New Orleans, The cos t  
t o  this  point i s  about 22 cents  a unit (22.4 lbs ,  of iron) or $13,20 per long ton of 
ore with 60 percent iron content. From Mobile, Alabama, to East St, Louis or Gran- 
i t e  City, the rail  rate i s  $7.7 1 per long ton or $4.94 per long ton on shipments of 
a minimum of 1800 net tons, By Mississ ippi  River barge to St. Louis, the rate i s  
$3-07 a net ton, which is equivalent t o  $3.44 a long ton, 

The apparent total  cos t  of delivering 60 percent Venezuelan ore to St. Louis 
would be $16,64 per long ton or 27-7 cents  per unit a s  compared with $14.45 per 
long ton of 5 l , 5  percent Mesabi ore, or 27-9 cents  per unit. 

BARGE TERMINALS 

Low-cost transfer of coal  or iron from ves se l  to  barge or rail, or from barge 
to stockpile i s  one of the keys to cos t  control, A number of barge terminals on the 
Illinois and Mississ ippi  waterways (fig, 6) are  designed t o  handle coal  or s t e e l  
products. A l i s t  of the Illinois terminals i s  given below, 

Middle and Upper Mississ ippi  River 

Location 

Ford 
East St. Louis 

Miles north 
of Cairo Company 

105.0 Missouri Pacific RR 
176.4 Alton & Southern RR 

Commodities 

Coal 
Coal,  coke, bulk 

commodities 
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Fig. 6 .  - Inland waterway system. The system of inland waterways in the 
United States favors the state of Illinois a s  a s i te  for direct reduction 
processes.  Ore i s  available from the Lake Superior district via Lake 
Superior and Lake Michigan and the Illinois Waterway or from South Amer- 
ica and Africa via the lower Mississippi Waterway. 

Miles north 
Location of Cairo Company Commodities 

East St. Louis 179.3 Peabody Coal Co. Coal 
East St.  Louis 182.3 Union Electric Venice Coal 

Power Plant 
Granite City 185.6 Bi-State Docks Steel  products, 

(Granite City Steel  Co.) raw materials 
Alton 204.1 Illinois Terminal RR Coal 
Rock Island 480.8 Mid- Continent Terminal Coal,  a l l  

& Storage Inc. commodities 
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Illinois Waterway 

Location 

Havana 
Havana 

Liverpool 
Liverpool 
Copperas Creek 
North Pekin 
Bartonville 
Spring Valley 
Ottawa 

Seneca 

Miles north 
of Cairo Company 

Illinois Power Co. 
Cimco River & Rail 

Terminal 
Truax-Traer 
United Electric Coal Co. 
Ohio River Co. 
Central Illinois Dock 
Keystone Steel & Wire Go 
Cargill Grain Co. 
Libby-Owens Ford Glass  

Co. 
Chicago Bridge & Iron 

Commodities 

Coal 
Coal 

Coal 
Coal 
Steel,  coal  
General,  coal  
Fuel oil ,  s t e e l  
Grain 
Fuel oi l ,  coal  

Iron, s tee l  

Cour tesy  of Dravo Corpora t ion ,  Nev i l l e  I s l a n d ,  P i t t sbu rgh ,  Pa. 

Fig. 7 .  - Ore handling dock a t  Burnside, Louisiana. Modern transfer docks 
keep down the  cos t  of overseas ore shipment. This modern dock a t  Burn- 
s ide,  Louisiana, below Baton Rouge, i s  equipped t o  transfer ores  from 
ocean ve s se l  t o  river barge, railroad cars ,  or s tock pile. 
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Cour tesy  of Alabama S t a t e  Docks Department, Mobile, Ala. 

Fig. 8. - Ore handling dock a t  Mobile, Alabama. The port of Mobile, Ala- 
bama, i s  equipped to  transfer ores from incoming ves se l s  directly to rail- 
road cars where i t  i s  shipped by direct rail service from Mobile to East 
St. Louis, Granite City, and other Illinois ci t ies .  

TIDEWATER TERMINALS 

Two terminals are  located on tidewater, one a t  Mobile, Alabama, and the 
other a t  Burnside, Louisiana. The Mobile Ore Terminal (fig, 7) is designed to 
unload otre from the ve s se l  directly to  railroad cars  or t o  two belt  conveyors that  
carry the ore to railroad car  loading pockets,  The time required to  unload a 
ve s se l  var ies  with the number of rigs employed on a ship and the type of ship, but 
i t  i s  estimated that  a 10,000-ton ore cargo can  be unloaded i n  about 20  hours, 
Water depth of 36 feet  is maintained a t  the dock and i n  the Mobile ship channel. 

The Burnside Bulk Marine Terminal (fig, 8) of the Greater Baton Rouge Port 
Commission i s  on the e a s t  bank of the Mississ ippi  River, 28 miles south of Baton 
Rouge and 6 2  miles north of New Orleans, The deep water port facili ty i s  approxi- 
mately 180 miles from the mouth of the Mississ ippi  River, The terminal serves  a s  
a two-way transportation center for ocean-going ve s se l s  and inland waterway barges,  
It currently handles iron ores  from South American countries destined for up-river 
points that  are  served by barge l ines .  
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T a b l e  3. - Produc t ion  and Reserves  o f  Coal 
i n  P r i n c i p a l  Coal Producing C o u n t i e s  

Number Produc t  i o n  Reserves  i n  thousands  of  t o n s  
of  ( i n  t o n s )  Proved and 

County Opera t  i o n s  1958 Probab le  I n d i c a t e d  T o t a l *  

Bureau 
C h r i s t i a n  
Douglas 
Frank1 i n  
F u l t o n  

G a l l a t i n  
Jackson  
J e f f e r s o n  
Kanka kee 
Knox 

Maco upin 
Madison 
Montgomery 
P e r r y  
Randolph 

S t .  C l a i r  
Sa 1 i n e  
Schuyle r  
Vermil i o n  
Williamson 

* Cady, G i l b e r t  H., Minable  Coal  Reserves  of I l l i n o i s  : I l l i n o i s  Geol. Survey,  
B u l l .  78, 1952. 

Table  4 .  - ' C o s t  of  Coal t o  E l e c t r i c  U t i l i t i e s  i n  I l l i n o i s ,  1958a 

As consumed 

c e n t s  p e r  
~ e r  t o n  m i l l i o n  Btu 

Rockford 
L inco ln  
Eas t  Peor ia  
Grand Tower 
Meredosia 

Dixon 
Wood R i v e r  
Havana 
Monsanto 
J ~ P P ~  

a S t e a m - E l e c t r i c  P l a n t  F a c t o r s :  1958, N a t i o n a l  Coal A s s o c i a t i o n ,  
Washington, D.  C. 
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COAL RESOURCES OF ILLINOIS 

Minable coal  reserves  of Il l inois (table 3) have been d i s c u s s e d  i n  de ta i l  
by Cady (1952), and strippable coa l  reserves  i n  southern and  southwestern sec t ions  
of the  s t a t e  have been reported by Smith (19 57,  19 58) .  

Delivered Cos t  of Coal 

The c o s t  of coa l  for industr ia l  purposes c a n  be es t imated from the published 
c o s t s  of coa l  purchased by e lec t r i c  ut i l i t ies .  These  a re  given for se lec ted  commu- 
ni t ies  i n  Il l inois for the  year 1957 i n  table  4 .  
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