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.. This invention relates to the red‘uctron‘ of me_tal‘»ores
with carbon monoxide and hydrogen.. In one of its more

speciﬁc aspects, this invention relates to a process. for.

the production of reducing gas comprising carbon monox-
Qide and hydrogen by direct partial oxidation of heavy
thId hydrocarbons with air. to produce a reducing gas

stream suitable for the reduction of reducrble metal ores _

e iron ore.
" At the present time a number of processes are com-

mercially feasible -for -direct reduction of .ifon ‘ore with-

hydrogen - or - with  mixtures -of -hydrogen and earbon
monoxide. - Some-of the most promising of these proc-
esses involve the reduction of solid .metal oxide to:ele-
mental metal without fusion of the metal or the oxide.

The partial reduction-of ores, e.g. partial reduction of -

non-magnetrc iron ore to magnetrc form is also of com-
mercial importance.

The reduction may be carried out in a vertlcal shaft
type reduction vessel in which the downwardly moving
bed of solid is maintained.- In.a  typical continuous
moving bed operation, metal oxide is charged. to.the top
of the bed while reduced metal is withdrawn from. the bot-
tom. Reducmg gas is 1nt10duced near the bottom of the
bed and passed upwardly throtigh the bed countercurrent
to the movement of the solid particles. . The-reduced ore
may be removed in solid sponge form or in liquid form:

Instead of a downwardly moving settled bed:of solid-

particles, and In many cases preferable. thereto, a_dense
phase ﬂurdlzed bed of particles may be- maintained .in a
reducmg zone. For continuous operation with fluid beds,
a series ‘'of such beds are generally” desirable w1th the
movement of solid particles from bed to bed countercur-
rent to the flow of reducing gases.

therethrough at a rate sufficient to ‘set the partlcles in the

bed in random motion, but insufficient ‘to entrain more,

than g minor portion of the partrcles from the bed,.

“Some ore reduction processes employ'a rotary kiln with”

ore 111 parti¢le form passing thI‘OLgh the kiln in ‘one diréc-
tion and reducing gas passing therethrough in’ the “op-
posite direction. :

In current processes, the reductlon of iron ore in, kilns
is carried out at temperatures in the range of about 1100

. t02,000° F. Coke and limestone may be charged to the
- kiln with the iron ore. The temperaturé is kept below, that

at which iron-ore and various reduction products sintér
and adhere in massive form to the walls of the kiln. It.

is desirable in-some cases that the reducing gas stream
entering- the kiln have a temperature ‘in the range :of 1800
to 2400°, F. The-product from the rotary kiln ‘may be
briquetted as charge for open hearth;- electric, or blast
furnaces, depending upon the quahty of :the ore. charged
to the reducing kiln.

The reduction in the kiln is carried out at atmospherrc
pressure. Reduction in moving beds” or fluidized bed
process may be carried out at elevated pressure or:at at-

mospheric pressure. “An elevated pressure is desirable i in_

that it increases the capacity of ‘the apparatus of ‘a givén
size by speeding up’ the reactions involved in the reduc-
tion-of 'the metal oxrde
involved in charging ‘ore to the reduction zone under pres-

‘Reducing. gas intro-
duced in the lower portion of the bed is'passed upwardly‘

However, mechanical problems‘
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sure and. removrng the reduced metal therefrom tend to
offset to some extent the advantages of operating under
pressure. In the kiln type ore_reduction processes, it is

. also desirable in some instances to introduce additional
air to, the kiln during the reduction.operation to burn a

portion of the reducmg gas in order to maintain the de-
sired high temperatures in the kiln necessary. for rapid re-
action between the reducing gas and ore. :

Hydrogen, carbon monoxide, and mixtures of carbon
monoxide and hydrogen: may be. used as 1educ1ng gases.
in varjous ore reduction processes. Processes for the
generation of mixtures of carbon’ monoxide and hydrogen,
or_synthesis gas as it is 'commonly called, are -already
known. In some recently developed processes, carbon
monoxide and’ hydrogen mixtures are generated by non-
catalyhc direct. partial oxrdatlon ~of a carbonaceous fuel
Wlth an oxygen-containing gas. The resultlng gas con-
taining carbon monoxide and. hydrogen 1s not generally
suitable for use drrectly as reducing gas.. The composi-’
tion “6f the synthesis gas stream depends upon the fuel
employed, the quality of the oxidizing gas (e.g. oxygen
purity), the relative proportions of fuel and oxidizing gas,
and 'the gasification reaction conditions. Generally- it is
necessary to purrfy the gas stream and to adjust its com-
position before it is suitable for the direct reduction of
ores, such as iron ore. In order to purify the gas stream,
it is generally necessary to reduce the temperature of the .
gas stream from the elevated temperature at which it is
produced e.g. above 2,000° F., to substantlally atmos-
pheric temperature or below. The gas, must then be re-
heated 'to.the temperature required for the ore reduction, .
e.g. about 1,000° F. to 2,000° F, This may be accom-
plished by passing. the reducing gas through a furnace.

In the process of this mventron, reducing gas is gen-
eratéd from' heavy hydrocarbons in a two-step process .
employing "4ir.‘as the oxidizing. gas.  Partial oxidation .
of the Hydrocarbon is limitéd to, produce a raw gas con-
taining free. carbon .and methane Caroon and water
are removed from the gas stream and the gas is heated..
to the required elevated temperature necessary for the-
ore reductron by "direct partlal oxidation of the carbon-
free gas. © .

‘In the process of this invention, reducmg gas genera—
tion “is’ cairied out in two flow-type gas generators op-.
erated.in tandem. The flow-type synthesis gas generation
process is. characterized by the substantially adiabatic
direct partlal oxidation of fuel with oxygen- containing
gas in an unpacked reaction zone with the fuel dispersed
in the ox1dlzmg gas.” Thrs reaction system is adaptable to
the production of carbon monoxide and hydrogen from
gaseous,. iquid, and solid fuels. In the present process,
flow-type synthesis gas generation is employed in the first
gasification reactor for the production of criide reducrng

gas | by partial oxrdatlon of heavy 11qu1d hydrocarbon with

air, A preferred method of. operatmc is disclosed in U.S.
Patent 2,809,104 to Dale M, Strasser Frank E. Guptill
and Charles P. Marion.

In the- productlon of the crude reducmg gas by partlal
oxidation of heavy oil with air some free carbon, gen-
erally from about 2 to about 5 percent of the carbon con-
tent of 'the feed hydrocarbon,’ preferably about 3 percent,
is produced. The crude reducing gas also contains from
about 3 to about 6 percent methane. In some ore reduc-
tion processes, carbon is undesirable in the reducing gas.
In the present.process, raw synthesis: gas from the ‘first
gas generator: is<scrubbed with water, effecting removal
of carbon and water of reaction from the crude gas
stream. The scrubbed gas is then fed to a second reactor

-wherein it is partially oxidized with air under substantially
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adiabatic reaction conditions, heating the gas stream to
a temperature of the order of 1800° F. or higher and pro-
ducing a hot reducing gas suitable for direct reduction of
iron ore.

While the present invention is particularly suited to and
is described with particular reference to the reduction of
iron oxides, it is contemplated that it may be used for
the reduction of other metal oxides amenable to reduc-
tion with hydrogen, including oxides of copper, nickel,
chromium and manganese.

Although the process of this invention may be applied
to various types of ore reduction systems, it is especially
useful in the reduction of ore in a rotary kiln type proc-
ess, particularly in the reduction of pelleted particle form
ore in a kiln in which reducing gas flows generally
countercurrent to the direction of mass movement of the
ore undergoing reduction. The process of this invention
is readily adaptable to production of reducing gas at any
desired pressure ranging from atmospheric pressure to
pressures of several hundred pounds per square inch.

It has previously been proposed to reduce metal ore
with reducing gas prepared by direct partial oxidation of
carbonaceous fuels with oxygen. In these processes,
partially spent reducing gas, after the removal of water,
carbon dioxide, or both, is recirculated to the ore reduc-
tion furnace. While such processes operate satisfac-
torily, they possess disadvantages in that an oxygen plant
is required which involves a high investment cost, and
considerable operating experience is involved in recom-
pressing processing and recirculating the partially spent
reducing gas.

In the present process, the reducing gas is produced by
directly oxidizing the heavy liquid hydrocarbon with air,
scrubbing the gas with water, effecting removal of car-
bon therefrom, partially oxidizing the resultant clean
raw synthesis gas stream, effecting reheat to an elevated
temperature of the order of 1800° F. or higher, and
passing the resulting gas directly to the reduction zone,
preferably as the sole source of reducing gas.

Alr to the reactors or gas generators is preferably sup-
plied at-a temperature of 500° F. or higher, advanta-
geously, at a temperature in the range of 1000 to 2000° F.
Qil and steam are supplied to the first reactor at a tem-
perature of at least 500° F., suitably 700 to 900° F., with
the oil dispersed in steam. Gas from the first reactor,
following removal of carbon and water, is preheated to
a temperature of 500° F. or higher, preferably 800 to
1500° F. Air to the second generator is preferably
heated to a temperature of 1000° F. or more, suitably
1500 to 1800° F.

In the present process, the reducing gas is suitable for
passing to the reactor on a “once-through” basis, that is,
there is no recycle of gas from the ore reduction zone.
This is economically practical with the present process
in which air is used directly as a source of free oxygen for
the partial oxidation reaction. The process eliminates the
need for air fractionation, for shift converters, driers, re-
cycle compressors, carbon dioxide removal apparatus,
and the like, characterizing ore reduction processes which
employ hydrogen, carbon monoxide, or high purity mix-
tures thereof for direct reduction. In addition, the pres-
ent process is applicable to the reduction of sulfides, ores
and mixed oxides and sulfides, as readily as to the reduc-
tion of relatively pure oxides.

The following example illustrates the application of
the process to the production of reducing gas for utiliza-
tion in a kiln-type ore reduction system.

EXAMPLE

Bahia crude residuum of 29.3 API gravity, having a
gross heating value of 19,620 B.t.u per pound is reacted
with steam and oxygen in a 60 cubic foot flow-type syn-
thesis gas generator to produce a reducing gas for direct
reduction of ore in a kiln-type ore reduction process. The
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oil has the following ultimate analysis, expressed in weight
percent:
Fuel Oil Analysis

Carbon o 86.0
Hydrogen _..__- - -—- 139
Nitrogen —— 0.02
Sulfur e 0.06
Oxygen - 0.02

This oil, at the rate of 5,750 pounds per hour, is dis-
persed in 1,438 pounds per hour of steam and the resulting
dispersion supplied to a flow-type synthesis gas generator at
800° F. into admixture with 273,400 standard cubic feet
per hour of air preheated to 1500° F. The reaction is
carried out at 75 p.si.g. and at an autogenously main-
tained temperature of about 2200° F. Crude reducing
gas containing free carbon is produced at the rate of
about 504,120 standard cubic feet per hour having the
following analysis, expressed in mol percent.

Crude Reducing Gas

Carbon monoxide e ee— oo 24.9
Hydrogen .__. - ——~ 25.0
Carbon dioxide —._... - 09
Water e e 2.2
Nitrogen and argon o .. 42.7
Methane ._.. -——- 43

Approximately 3 percent of the total carbon contained
in the hydrocarbon oil feed is liberated as free carbon in
the raw synthesis gas. The product gas is cooled from
2200° F. to 500° F. in a waste heat boiler generating
stem at 450 p.s.i.g. after which the gas is scrubbed with
water at a temperature of about 100° F. Carbon and
most of the water vapor produced in the reactor is re-
moved from the gas stream forming an intermediate gas
having the following analysis, expressed in mol percent:

Intermediate Gas

Carbon monoxide — oo 25.4
Hydrogen ——— e 25.6
Carbon dioxide oo 0.9
Nitrogen and argon - 43.7
Methane . ——— - 4.4

The intermediate gas is preheated to 1,000° F. in a fur-
nace and passed at the rate of 494,000 standard cubic
feet per hour to a 33 cubic foot synthesis gas generator
wherein it is admixed with air preheated to 1500° F. and
supplied to the gas generator at the rate of 162,800 stand-
ard cubic feet per hour. The reaction is carried out at 5
p.si.g. at an autogenously maintained temperature of
about 2200° F. Reducing gas is produced at the rate of
655,000 standard cubic feet per hour having the following
analysis, expressed in mol percent:

Reéducing Gas Analysis

Carbon monoxide - .o ccee oo 19.7
Hydrogen o oo 18.2
Carbon dioxide — 2.6
Water e 6.0
Nitrogen and argon ... - 52.6
Methane - —— 0.9

This reducing gas is free from carbon and is suitable
for charging directly to a kiln-type or reduction zone.

Obviously, many modifications and variations of the
invention, as hereinbefore set forth, may be made with-
out departing from the spirit and scope thereof, and there-
fore only such limitations should be imposed as are indi-
cated in the appended claims.

We claim:

1. A method for the production of reducing gas suited
for the direct reduction of solid metal oxides and sulfides
which comprises subjecting a heavy hydrocarbon liquid
to partial oxidation with air under synthesis gas genera-
tion conditions at a temperature in the range of 1800 to
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.2400° F, effecting production of a crude reducing gas
= comprising carbon monoxide and hydrogen and contain-
 ing methane and free carbon; substantially completely
O removing carbon and water of reaction from said crude
8 reducing gas to produce an intermediate gas comprising
., carbon monoxide and hydrogen substantially free from
c carbon and water and containing methane; heating said
@ intermediate gas to an elevated temperature of at least
+2 500° F.; separately heating air to an elevated temperature
O of at least 1000° F.; combining said preheated air and

. intermediate gas streams and subjecting the resulting mix-

ture to-a non-catalytic partial oxidation reaction under
substantially adiabatic reaction conditions with relative
Z_proportions of air and gas such that an autogenous tem-
— perature in the range of 1800 to 2400° F. is maintained
oy producing hgt reduging gas; and d_ischargipg hot reducing
 8as from said reaction zone at said reaction temperature
+~ to an ore reduction zone.
£ 2. A process according to claim 1 wherein said air is
heated to a temperature in the range of 1500 to 1800° F.
and said gas is heated to a temperature in the range of
1000 to 1500° F. prior to admixture with one another
in said reaction zone.

3. A process according to claim 1 wherein said crude
reducing gas contains carbon in an amount within the
range of from about 2 to about 5 percent of the carbon
contained in said hydrocarbon liquid.

4. A process according to claim 1 wherein carbon and
water are removed from said crude reducing gas by scrub-
bing said crude reducing gas with water at a temperature
of about 100° F.

5. A process for the production of reducing gas suited
for the direct reduction of solid metal oxides and sulfides
from heavy hydrocarbon liquid which comprises heating
a stream of air to a temperature of at least 500° F.; sepa-
rately heating a dispersion of steam and heavy hydrocar-
bon liquid to a temperature of at least 500° F.; combining
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said preheated air and said oil-steam dispersion and sub-
jecting resulting mixture to non-catalytic reaction in a
reaction zone with relative proportions of hydrocarbon,
steam and air effective to maintain a temperature in the
range of 1800 to 2400° F. in said reaction zone under
substantially adiabatic reaction conditions, producing a
crude reducing gas stream containing carbon monoxide,
hydrogen, nitrogen, and uncombined carbon; cooling said
crude reducing gas stream and scrubbing with water at a
temperature of about 100° F. effecting removal of uncom-
bined carbon and water of reaction to yield an intermedi-
ate gas stream; heating said intermediate gas stream to a

temperature of at least 1000° F.; separately heating air

to a temperature of at least 1500° F.; combining said pre-
heated air and intermediate gas streams and subjecting
the resulting mixture to non-catalytic partial oxidation
reaction under substantially adiabatic conditions with
relative proportions of said gas and air such that an
autogenous temperature of 1800 to 2400° F. is maintained
in said reaction zone; and discharging a stream of reduc-
ing gas from said second reaction zone at said temperature
directly to an ore reduction zone.

6. A process according to claim 1 wherein said inter-
mediate reducing gas stream contains a substantial amount
of methane produced by said reaction of said heavy hydro-
carbon liquid and air in said first reaction zone.
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