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It it is attempted to reduce iron oxide by hy-
drocarbons, I have found that deposition of car-
bon occurs and the resultant product s very
much contaminated with carbon. The present

5 invention utilizes hydrocarbons in the reduction
of iron ores and similar iron-bearing materials
without such contamination, producing iron in
the form of & spongy or granular product.

For this purpose the hydrocarbons are first
converted to a reducing gas consisting of a mix-
ture of hydrogen and carbon monoxide. The
conversion is accomplished by passing the hy-
drocarbon, such as natural gas, with a certain
quantity of air through a catalytic chamber.
This chamber is filled with particles of fire-
brick, coke or graphite or a mixture of one or
more, some of which have been dipped in a so-
Iution of nickel nitrate, dried and ignited. I
have found that the quantity of air should be
such that the oxygen contained therein is Just
sufficient to combine with the carbon of the
hydrocarbon to form carbon monoxide, liberat-
ing the hydrogen.

The reaction of conversion of hydrocarbons
with air to carbon monoxide and hydrogen is
exothermic, but some hydrocarbons, such as
natural gas do not produce sufficient heat to
raise the.gas to the high temperature desired
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(2000° F.): consequently it is necessary to sup-'

30 ply heat to the reaction. This heat may be

supplied in various ways; as, for example, by
passing an electric current through the cata-
1yzer, or heat may be transferred through oven
walls, or heat may be supplied by using inter-
mittently two or more stoves in the usual man-
ner.

By the term hydrocarbon is meant compounds
of carbon and hydrogen. In this process I de-
scribe the use of natural gas, which is a mix-
ture of methane, ethane, and higher members
of the series such as propane. I do not-desire
to limit the invention to the use of natural gas,
any volatile hydrocarbon such as mineral oil or
benzol may be used. In the case of the hydro-
carbons containing a high percentage of carbon
it may not be necessary to heat the generator.

. I have also found that coke oven gas contain-

ing a mixture of hydrogen, carbon oxides and
hydrocarbons can be used in place of natural
60 g
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as.

I have also found that the mixture of carbon
monoxide, hydrogen and nitrogen from the alr,
containing possibly - traces of carbon dioxide,
water and methane reduces oxides of ironm, the

55 product containing above 80 per cent of the iron

-

in the metallic state with but little carbon de-
posited.

I have also found that dense magnetite
(FeiO4) when roasted in the presence of oxy-
gen, changes into a porous form of oxide of 5
iron (Fe:03;) which is easily reduced by the
above reducing gases. - -

I have found that, while the particles of this
oxide of iron (Fez03) tend to adhere together
and also that the FeO resulting from partial 10
reduction tends to adhere, when FeO is reduced
by the above gases to metallic iron the particles
at 1650° F. do not adhere but fall freely.

A particular process embodying the invention
is the following: A mixture of air and natural 18
gas is passed through a chamber containing a
catalyzer, consisting of pieces of coke or graphite
which have been dipped in a solution of nickel
nitrate, dried and ignited. A current of elec-
tricity is passed through the chamber, thus 20
supplying the heat required. Both the air and
the natural gas have been heated (to 1500°-
1000° respectively), by passing counter-current
with the waste gas from reduction through heat
exchangers. On account of the preheat, the 26
heat required to be supplied by electricity is not
excessive. -

The reduction gas so produced at 2000° F. is
conveyed to the reducing chamber. While I
do not desire to limit the form or design of the 30
reducing chamber or chambers, I describe the
following as a practicable arrangement. Re-
duction 1s accomplished in two chambers. The
large part of the reduction is accomplished in a
kiln and the final reduction is accomplished in 35
a shaft. The partially reduced material from
the kiln empties into the shaft. The reducing
gas enters near the bottom of the shaft and ex-
tends upwards, reducing all but trace of any iron
oxide remaining. The gases then pass into the 40
kiln where the main part of the reduction oc-
curs. The gas first reduces the bulk of the FeO
to Fe and then passing on reduces the FezOs to
FeO, ' U 3

The gases which entered the reducing cham- 45
ber at 2000° F. have become somewhat cooler,
due to the endothermic nature of the reaction
and to radiation loss, but not sufficiently so to
stop the reaction. At the temperature which
prevails when FeO is reduced to Fe, I have 50
found that approximately 30 per cent of the

- original carbon monoxide and hydrogen have been

used. As the gas proceeds, more of it is used
in reducing FezO3 to FeO.
The gases left contain considerable carbon bs
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monoxide and hydrogen. Some of the gas
(about 80 per cent) is bled for other uses as
described, and the remaining gas is passed into
the preheating kiln. It is necessary to have the
incoming ore (Fez03) at about 1830°, conse-
quently air is added to the gas in the preheater,
thus raising the temperature to the necessary
point. At the same time, dense crystals of
magnetite (FeaO4), if present, are broken up and
porous Fez03 is formed. This latter oxide 1is
much more reducible than the hard dense mag-
netite. The gas which is bled, containing as it
does both sensible heat (temperature 1600° F.)
and heat of combustion, may be used for other
purposes, but half of it, or 40 per cent of the
entire gas after reduction, may be used to heat the
generator unless the generator is heated elec-
trically.

In the process here described, the waste gases
pass through a heat exchanger, counter-current
to air. This air is later used in the generator.
This heat exchanger is so constructed that the
cold air passes through the cold part of the
exchanger then passes around the middle part
and then through the hottest part, while the
hydrocarbon gas passes through the middle part.

By this means the hydrocarbon gas is heated
up to a point below which methane or other
hydrocarbons will deposit carbon, and the air
is heated up nearly to the temperature of the
waste gas entering the exchanger. The waste
gases leaving the exchanger are available for
combustion purposes either as they are or after
further cooling and cleaning as desired.

The reduced granules from the bottom of the
reduction shaft are removed by a water cooled
screw conveyer through a plpe cooled exter-
nally. By this means they are cooled to atmos-
pheric temperature., The reduced granules
from the shaft may be conveyed while still hot
into an electric furnace where they will be melt-
ed into a product containing but little carbon.

While I have described the use of air in the
generator . to convert hydrocarbons to carbon
monoxide and hydrogen, it is apparent that
commercial oxygen, steam or carbon dioxide may
be used as substitutes for air. Also, some of
the waste gases may be returned and the carbon
dioxide and water contained therein be used in
the conversion. ‘The amount of heat required
in the case of all of these, except oxygen, is
greatly in excess of that required in the pro-
posed process.

The accompanying drawing is a diagrammatic
illustration of a suitable arrangement of appa-
ratus, '

The ore passes first through an inclined ro-
tating preheating kiln 1, thence through a sim-
ilar reducing kiln 2, thence through a shaft 3
in which the final reduction is effected. The
kilns and shaft form a substantially airtight
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circuit. The product is taken off through a
tube 4 by a screw conveyer §.

The reducing gas enters the lower part of the
shaft by. tuyéres from a bustle pipe 6. - After
passing through the shaft and reducing kiln a 5
portion of the hot gas is taken off through a
conduit 1. The remainder passes through the
preheating kiln where it is mixed with air in-
troduced through a pipe 8 to raise its tempera-
ture, passing out finally through the stack 8. 10
The hot gases from the conduit T pass in suc-
cession through heat exchanger {0 to the dis-
charge pipe 2.

The air passes through the cold part I8 of
the exchanger 10, through the by-pass i1, then 15
through the hot part 19 and by the pipe 13
and the hydrocarbon passes through the middle
part 20 of the exchanger and by the pipe 14 to
the chamber (5, in which is generated the re-
ducing gas. Where additional heat is required 20
In the generator, this is supplied through elec-
trodes 16. The reducing gas passes through the
pipe (T to the bustle pipe for the shaft.

- Instead of heating the catalyzer by an electric
current, it may be contained in a mufle or oven 25
or a series of the same and the heat applied
externally by passing a flame or heating gases
through flues surrounding the muffles or ovens.
Or the catalyzer may be contained in two or
more “stoves”, which are alternately heated by 30
the passage of heating gases and utilized for the
passage and heating of the mixture of hydro-
carbon and air.

I claim:

1. The method of reducing iron ore or the like 35
which consists in passing the ore through a kiln
and then into and through a shaft, generating
& gas comprising hydrogen and carbon mon-
oxide by passing a hydrocarbon and air through
a catalyzer and heating the same to a tempera- 40
ture above about 1500 degrees Fahrenheit, heat
being supplied by the passage of a current of
electricity through the catalyzer, and passing
sald gas first through the charge in the shaft
to accomplish the final reduction and thence 4B
through the kiln to accomplish a preliminary re-
duction.

2. The method of reducing iron ore or the
like which consists in passing the ore through a
kiln and then into and through a shaft, gener- 50
ating a gas comprising hydrogen and carbon
monoxide by passing a hydrocarbon and air
through a catalyzer and heating the same to a
temperature above about 1500 degrees Fahren-
heit, heat being supplied externally, and passing 88
said gas first through the charge in the shaft
to accomplish the final reduction and thence
through the kiln to accomplish a preliminary re-
duction.

3. The process of clalm 2, using coke-oven gas 0
as the hydrocarbon.

WILLIAM DARKE BROWN.




