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This invention relates, as indicated, to the re 
duction of iron Ores, but has reference more par 
ticularly to the accomplishment of such reduc 
tion by means of gases relatively high in hydrogen. 

It has heretofore been proposed to reduce iron 
Ore by means of substantially pure hydrogen gas 
at relatively low temperatures, i. e., from about 
900' F. to about 1500 F. This method of reduc-. 
tion, requiring low temperatures, is highly ad 
vantageous in that it involves low heat consump 
tion, the heat losses from the reduction unit are 
Small, the use of special refractories and heat 
resistant alloys is obviated, and the apparatus 
required is of simple construction. 

It is extremely difficult, however, to obtain pure 
hydrogen in the quantities necessary for reduc 
tion in a commercially feasible scale, and such a 
gas, moreover, is expensive. 
We have discovered that instead of using hy 

drogen, We can use for reduction purposes other 
readily available, inexpensive gases, containing 
relatively large percentages of hydrogen, such 
for example as coke oven gas, retort coal gas, oil 
gas, etc. The advantages of such a gas, particu 
larly coke oven gas, aside from its relatively low 
cost and availability in commercially desirable 
quantities, is that the reaction of the hydrogen 
content of the gas, in the reducing process, is not 
inhibited unless the carbon monoxide is present 
in amounts greater than a predetermined maxi 
mum, as will be presently explained. The other 
major constituent of the gas, namely, methane, 
does not decompose at the temperature at which 
the reduction takes place, i. e., from about 900 
F. to about 1350 F. and therefore does not pre 
cipitate large quantities of carbon. Carbon mon 
oxide, particularly at the low reduction tempera 
tures stated above, decomposes to form carbon 
dioxide and carbon, until some equilibrium value 
is reached. When this occurs and large quanti 
ties of carbon dioxide, are present, this means 
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that an oxidizing and not a reducing gas is 
formed, the oxygen tension being increased to a 
point at which reduction will not occur. Theo 
retically, the carbon content by volume must be 
kept below a value of 7%, which actually means 
that the combined volumes of carbon monoxide 
and carbon dioxide must be kept below this value. 
The rate of decomposition at these reducing tem 
peratures is low, and quite possibly, a larger vol 
ume of carbon monoxide may be permitted, the 
permissible volume of this gas being determined 
experimentally for any specific case. Coke oven 
gas, moreover, contains hydrogen sulphide in 
Small amounts, the presence of which in the gas 
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is detrimental because the sulphur is absorbed 
by the iron during the process of reduction. 
We have found, however, that we can utilize 

these gases, particularly coke oven gas, for re 
duction purposes, by observing certain precau 
tions in the selection and/or treatment of the gas. 
More specifically, where coke Oven gas is used, 

it is essential that the combined percentages by 
volume of the carbon monoxide and carbon di 
oxide contents of the gas be less than about 15%, 
and that the ratios of hydrogen to hydrogen Sul 
phide be above the values set forth in Table A 
below, at the reaction temperatures indicated. 

TABLE A w 
Values for the ratios of H2 to H2S in equilibrium 

with Fe and Fes 
HHS Temperature F. 

It is furthermore essential that the coke oven 
gas be preheated to the desired reducing tempera 
ture before being utilized in the reducing system. 
a sufficient quantity of gas being thus preheated 
so that enough hydrogen is present to reduce, the 
iron oxide to iron, and at the same time to main 
tain water vapor/hydrogen ratios, which are less 
than the values stated in Table B below. In pre 
heating the gas, sufficient additional heat should 
be supplied to compensate for radiation and cool 
ing losses in the reducing system. 

- TABLE B 

Equilibrium ratios of H2O to H2 at various temper 
atures in equilibrium with iron and iron 

. . . . . Temperature F. 10/H. 

The gas, as thus preheated, is preferably passed, 
in countercurrent relation to the ore, through a . 
multiple hearth furnace, in the manner described 
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in the copending application of Cape, Foerster 
and Griswold, Serial No. 449,088. 
The coke oven gas may be handled in either 

of two ways. 
The first method involves the steps of (a) de 

Sulphurizing the gas, (b) preheating the gas, 
(c) effecting the reduction of the ore, (d) cool 
ing the spent gas to remove water therefrom, 
and (e) utilizing the spent gas, which has a 
Smaller volume, but has a higher B. t. u. value 
per cubic foot of gas than the original coke oven 
gas, for other operations or uses. 
The Second method involves the steps of (a) 

deSulphurizing the gas, (b) mixing it with a por 
tion of the spent cooled gas from the reduction 
operation, (c) preheating the mixed gases to 
the desired temperature for reducing purposes, 
(d) effecting the reduction of the ore, and (e) 
utilizing the spent gas, which has a smaller vol 
ume, but has a higher B. t. u, value per cubic 
foot of gas than the original coke oven gas, for 
other operations or uses. This second method 
has the advantage that Smaller quantities of 
fresh or raw gas are used for the reduction, 
necessitating the desulphurization of smaller 
amounts of coke oven gas. 
In the second method which involves the re 

circulating of a portion of the spent cooled gas 
it is obvious that if the whole of the spent gas 
were recirculated even after cooling, the reac 
tion would rapidly cease and virtually no reduc 
tion would be effected. Furthermore, the selec 
tion of the quantity of the gas to be recirculated 
is limited by two factors: (1) the decrease in 
the hydrogen content of the reducing gas to a 
point at which the reaction would be too slow 
and (2) the increase in the quantity of carbon 
monoxide and carbon dioxide. The most feas 
ible procedure is to use equal volumes of coke 
oven and spent gas, but the greatest amount of 
recirculated gas which can be used with coke 
oven gas of the composition stated below is de 
termined primarily by the increase in the , 
amounts of carbon monoxide and carbon dioxide 
which are present. 
The following are examples of specific pro 

cedures involving the use of coke oven and re 
circulated gas in the reduction of magnetite cres. 

EXAMPLE I 
A coke oven gas containing 52% hydrogen, 

33% methane and 5% carbon monoxide plus 
carbon dioxide, is used, and a limit for carbon 
monoxide plus carbon dioxide is set at 7%. This 
being the case, there is added to each part of 
fresh gas 2.77 parts of recirculated gas. The 
composition of the recirculated gas will be 

Percent 
Hydrogen ------------------------------ 32.8 
Methane ------------------------------- 46.2 
Carbon monoxide plus carbon dioxide------ 7.0 Remainder (largely nitrogen). 
The B. t. u, value of the spent gas would be 

approximately 569 per cubic foot considering 
only the hydrogen and methane content thereof. 
This means that for every 2000 pounds of iron 
produced, 59,000 cubic feet of coke oven gas 
would have to be supplied, but there would al 
ways be available for other uses 42,000 cubic feet 
of a higher B. t. u. value gas. The composition 
of the final reducing gas would be 

Percent 
Hydrogen ------------------------------8.9 
Methane ------------------------------- 42.0 
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Spent gas is available for other purposes. 

2,379,423 
In the above example, the volume in of recir 

culated gas is represented by the following 
equation: 

-l a ?la R i(1– E) (E) 
in which E represents the fraction of the hy 
drogen in the mixed gas which is used for reduc 
tion, a is the fraction of hydrogen, by volume, 
in the coke oven gas, and m is the minimum frac 
tion of hydrogen which must be present in the 
Spent gaS. 

ExAMPLE II 

A coke oven gas of the same composition as 
in the first example is used, the B. t. u. value of 
which, considering only the hydrogen and 
methane content thereof, is 497 B. t. u/cu. ft. 
In this case, equal volumes of coke oven and 
Spent gas are used. 
The spent gas contains 

Percent 
Hydrogen ------------------------------ 41 
Methane ------------------------------- 40.5 
The B. t. u. value of the spent gas is 537 per cubic 
foot. For every ton of iron, 91,500 cubic feet of 
coke oven gas is required, but 74,400 cubic feet of 

"The 
composition of the reducing gas will be 

Percent 
Hydrogen ----------------------------- 46.0 
Methane ------------------------------ 36.5 
In order to heat the total volume, i. e., of 

183,000 cubic feet of coke oven and spent gas, to 
1170 F., which is a temperature required to heat 
the ore and supply the heat for the reaction, 
5,155,000 B. t. u. are required. The spent gas 
emerges at a temperature of 967 F., and con 
tains 4,123,000 B. t. u. This sensible heat may 
be utilized, by heat exchange, to preheat the in 
coming reducing gas to nearly the desired re 
action temperature, the remainder of the heat 
required being supplied by the usual methods. 
Instead of using unreformed coke oven gas, 

coke oven gas which has been desulphurized and 
then reformed with water vapor or air may be 
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utilized, the reaction in such case being carried 
only to the formation of carbon dioxide, the 
carbon dioxide being then removed, and the re 
maining gas utilized in the reduction process. 
The utilization of the spent gas for purposes 

other than reduction makes it possible to employ 
large volumes of coke oven gas without mate 
rially destroying its thermal value. Actually, 
owing to the increase in the methane content, 
after the water vapor has been precipitated out, 
the thermal value is increased per unit of vol 
ume. Large Volumes of coke oven gas permit 
the supplying of heat to the reduction reaction, to 
the heating up of the ore, and to the balancing 
of the heat losses of the reduction unit by the 
sensible heat of the gas. The process is thus most 
efficient and owing to desulphurization of the gas, 
its value has been markedly increased over and 
above the increase in its thermal content. 
There is naturally imposed a limit to the ex 

tent to which the hydrogen reaction will proceed. 
If the reduction is carried out at temperatures in 
the neighborhood of il00 degrees F., or lower, then 
the hydrogen and Water vapor must be in equi 
librium with iron and Fe3O4. If the reaction is 
carried out at temperatures above this, then the 
gas must be in equilibrium with iron and Fe0. 
In the first case, the limit of the reaction will be 
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of the order of 25 parts of water vapor to 75 
parts of hydrogen. In other words, the ratio of the 
water vapor to the hydrogen must be less than 
that obtained from the value stated above. In 
the second case, it is possible to control the re 
action so that the outgoing gas is in equilibrium 
with FeC) and therefore depending upon the tem 
perature, perhaps 50% of the hydrogen can be 
Oxidized to Water Vapor. 
however, is the temperature of the decomposition 
of methane, and this decomposition may become 
rapid at 1500°F. 

If the intention is to conduct the reduction so 
that the gas at its outgoing is in equilibrium with 
Fe0, then substantial advantage is obtained by 
passing the gas transversely through the ore, as 
described in Brassert. Paterat No. 2,316,664 so that 
the fresh gas completes the reduction under the 
most favorable conditions and then passes in 
countercurrent relation to the travel of the ore. 
The description given above presupposes a sin 

gle passage of the gas over the ore, but it has 
been established that by recirculating a portion of 
the outgoing gas, a greater increase in the ther 
mal value of the spent gas is achieved. It the gas 
is passed once over the ore, then with 20% of the 
hydrogen oxidized, the thermal value of the gas 
will be increased in terms of the methane con 
tent for the coke oven gas composition in the 
above examples, to 36.83% and decreased by the 
hydrogen falling to 46.4%. It will be seen from 
Example, that in the case in which 2.7 volumes 
of spent gas are recirculated for every volume of 
fresh gas, the composition of the spent gas will 
be 

Percent 
Hydrogen ------------------------------- 32.8 
Methane ------------------sar-no-mass me -n 46.2, 

The limit in this case, 
10 

3 
If considerations involving carbon monoxide 

and carbon dioxide, as hereinbefore described, 
then larger amounts of gaS may be recirculated 
with corresponding increases in the methane con 
tent of the spent gas. 
We claim:- 
1. In a method of reducing iron oxide ores, the 

steps which consist in bringing the Ore into COn 
tact with a reducing gas at a temperature of from 
about 900°F. to about 1350°F, said reducing gas 
consisting principally of hydrogen and methane, 
but containing minor amounts of carbon mon 
oxide, carbon dioxide, hydrogen Sulphide and wa 
ter vapor, the sum of the percentages of carbon 

5 

20 

30 

35 

monoxide and carbon dioxide, being less than 
about 15%, removing at least a portion of the 
spent gas, cooling said portion, and mixing the lat 
ter, with fresh reducing gas, the amount of gas 
thus recirculated being limited so as not to in 
crease the percentage of carbon monoxide and 
carbon dioxide in the reduction gas beyond Said 
15%. 

2. In a method of reducing iron oxide ores, the 
steps which consist in bringing the ore into con 
tact with coke oven gas at a temperature of from 
about 900 F, to about 1350 F., the sum of the 
percentages of carbon monoxide and carbon 
dioxide in said gas being less than about 15%, re 
moving at least a portion of the spent gas, cooling 
said portion, and mixing the latter with fresh 
coke oven gas, the amount of gas thus recircu 
lated being limited So as not to increase the per 
centage of carbon monoxide and carbon dioxide 
in the reduction gas beyond Said 15%. 
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