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To all whom it may concern :

Be it known that 1, Warrer E. F. Brap-
LEY, a citizen of the United States, residing
in New York, county and State of New
York, have invented certain new and useful
Improvements in the Reduction of Ores, of
which the following is a specification. * -

In my prior application, filed July 17th,
1918, Serial Number 245,368, entitled
Method of producing iron and steel, T have
described a method in which the hydrocar-
bon gas is employed as the reducing agent.
While, according to that application, the hy-
drocarbon gas may be derived from any
source, the specific example therein referred
to suggests the employment of natural gas,
which is mainly a hydrocarbon in the form
of methane. Other hydrocarbons are ca-
pable of performing the reducing action and

as natural gas is not available in all locali-
‘ties, the present invention seeks to provide

a method following the general principles
of that disclosed in said prior application,
but. in which the hydrocarbon gas is arti-
ficially produced from materials such as
lignite, bituminous or semi-bituminous coal
or other material which has a gaseous con-
stituent that can be driven off by suitable
treatment, as for example, by means of
heat.

The invention is applicable in general to

the production of iron and steel from mate-
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rial containing iron chemically united with
oxygen such, as for example, hematite or
other oxide or carbonate ores of iron, mag-
netite sands, iron concentrates and the like.
Such materials are herein designated “ores.”
In order that the process may be eco-
nomically carried out, it is desirable that the
raw materials and the energy or source of
energy employed, should be utilized eco-
nomically and with conservation. The re-
duction of ores requires that a suitable op-
erative temperature be maintained and that
a sufficient number of heat units be devel-
oped to maintain this necessary temperature,
while at the same time supplying the heat
units of chemical action, as the reduction of
these ores is an endothermic process. At the
same time, in order to obtain a product of
high purity, it is important to avoid intro-
duction of contaminating materials into the
charge whick is being reduced, as the subse-
quent removal of such impurities involves
additional expense and practical difficulty.

With these various conditions in view, the
method according to the present invention,
utilizes the raw materials in such a manner
as to provide the desired hydrocarbon re-
ducing gas which is introduced into the
charge to be reduced, while excluding from
the charge all contaminating impurities so
far as possible. Furthermore, the material
from which the gas has been produced is
then utilized in an economical manner for
generating heat, a part of which may be
consumed in the operation by which the hy-
drocarbon gas is produced ‘and other por-
tions of which may be employed for main-
taining the temperature of the charge and
supplying the chemical heat units of the re-
ducing action. This utilization of heat is
carried out ir a regenerative manner so far
as practicable. ,

The method will be more clearly under-
stood with reference to a specific example
illustrated in the accompanying drawing.
Said drawing is a diagram of an ore reduc-
tion system embodying the principles of the
invention. : '

It will be apparent that any coal having
a gaseous constituent, such as lignite, bitu-
minuous or semi-bituminous coal, as distin-

guish from anthracite, may be employed

as the source of the hydrocarbon gas. "As
the principle of operation is essentially the
same in any case, no matter which material
is employed, I may refer to the raw ma-
terial by the generic term “coal,” it being
understood that this word is employed to
designate any suitable raw material from
which the hydrocarbon gas can be produced
by principles similar to those herein dis-
closed.

Referring specifically to the drawing, 1
indicates a rotary drier into which the coal
is introduced through the hopper 2. The
hesting flame passes longitudinally through
a flue 3 concentrically disposed within the
main drum 1 and the gases therefrom pass
in the opposite direction through the drum
1 and are discharged through the stack 4.
The coal in passing through drum 1 moves
from right to left and having been freed
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from moisture so far as possible, is then 105

delivered in dried condition through. the
chute 5 into the hydrocarbon gas producer,
comprising a rotary drum 6 within which
a_heating tube 7 is concentrically arranged.
The heating tube 7 extends axially through
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the rotary drum 6 from one end to the other
and is maintained at such temperature as
to distill off the hydrocarbon gas from the
dried and preheated coal, leaving the latter
in the form of coke. The products of com-
bustion from heating tube 7 are discharged
through the Stack 8. The hydrocarbon gas
distilled off from the coal is delivered

through pipe .9 at the higher end of the

rotary drum 6, whereas the coke is delivered
into the chute 10 at the lower end thereof.
The coke delivered through chute 10 passes
into a fuel gas producer 11 where it is
burned with limited supply of air to pro-
duce carbonic oxide, the resulting ash be-
ing discharged periodically or otherwise
through the chute 12, whereas the producer
gas passes through pipe 13 into a dust
catcher 14 and is delivered for use through
pipe 15 in condition for use in developing
heat where required. A! portion of this
producer gas is shown diagrammatically as
being led through pipe 16 into branch pipes
17, 18, for use in the heating flues or tubes

7 and 8 respectively, it being understood.

that the air for supporting the combustion
is admitted to each branch by way of suit-
ably controlled air inlets 19 or 20, the com-
bustion taking place within the combustion
chamber 21 or 22 respectively. Control
valves 23 and 24 may be employed to regu-
late the supply of gas in each of the branches
17 and 18 respectively.

The hydrocarbon gas delivered into pipe 9
from the rotary drum 6, will, in most in-
stances, contain in addition to the hydro-
carbon gas, other material such as tar, am-
monia and sulphur. Some of these ma-
terials would be detrimental to the product,
if introduced into the charge which is being
reduced by the hydrocarbon gas and further-
more, may represent valuable by-products.
Therefore, I lead the hydrocarbon gas from
pipe 9 through the scrubbers 25, 26 and 27,
in the first of which tar may be removed
by a spray of water, in the second of which
ammonia may be removed and recovered
by reaction with sulphuric acid and in the
third of which sulphur may be eliminated
by milk of lime or I'me water. The hydro-
carbon gas thus purified is then delivered
to pipe 28 which leads to a gas reservoir 29
where excess quantities may be stored.

As diagrammatically indicated, the reduc-

53-tion of the ore is occurring in a preheat-
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ing rotary drum furnace 30, and an elec-
tric furnace 81. The reduction of iron ore
with hydrocarbon gas involves a negative
heat balance of chemical reaction, necessi-
tating the supply-of heat from an outside
source to make up the deficiency and to
maintain the temperature. It will be un-
derstood that the gas may be introduced
into the electric furnace 31 through a pipe
32 under the -control of valve 33, while
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the finely divided ore and flux is infroduced.

into the preheating drum furnace 30 by way
of the feed hopper 34. The rotation of
drum 30 carries the charge toward the lower
end of the drum 80, from which it is dis-
charged through the chute 35 into the elec-
tric furnace 31. The hydrocarbon gas pass-
ing through pipe 82 is introduced into the
charge where reduction is taking place and
the resulting gaseous mixture passes up-
wardly through the flue 35 and over the
charge of ore and flux papsing through
drum 30, and is finally discharged through
stack 36 from which point it may be dis-
charged into the atmosphere or- utilized for
heating at some portion of the system.

The supply of electrical energy, however,
constitutes an important element of the pres-
ent invention, as it is dependent in large
measure upon the material from which the
hydro-carbon gas hasbeen derived. Accord-
ing to the present invention, this material
may be employed directly in the form of coke
as a fuel for developing electric power or it
may be first converted into a combustible gas
and supplied to the power-developing appa-
ratus of any suitable type, for example, a
turbo-generator set, as illustrated. In this
embodiment, the producer gas obtained by
incomplete combustion of the coke, as al-
ready described, may be utilized in part for
developing heat in the coal drier and hydro-
carbon gas producer. Additional quantities
of this producer gas, as shown in the accom-
panying drawing, may be led through pipe
37 into a gas reservoir 38 and into a pipe 39
for combustion with air admitted through
suitably controlled pipe 40, the combustion
being utilized in a boiler 41 for producing
steam which is delivered through pipe 42
into a steam turbine 43 operating electric
generator 44. The power developed in gen-
erator 44 is delivered through the primary
conductors 45 to a transformer 46 and the
secondary current may be taken off through
conductors 47 and dehvered to the electrodes
48 of the electric furnace 31.

The gas holder 38 may be connected or dis-
connected from pipe 87 at will, by means of
valve 49. A similar valve 50 controls the
communication of gas holder 29 with pipe
28. It may Le desired to deliver hydrocar-
bon gas from pipe 28 to supplement the pro-
ducer gas from pipe 37 in the firing of boiler
41. For this reason, pipe 28 is extended be-
yond the gas holder 29 and brought up into
communication with pipe 37 at a point where
the air inlet pipe 40 enters. A check valve
51 prevents producer gas from passing
downward into pipe 28 whereas a control

‘valve 52 is arranged in pipe 28 to prevent

the delivering of hydrocarbon gas into the
pipe 37 when it is desired to do so.
While T have shown and described only

-go much of the system as relates directly to
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the utilization of the raw materials from
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which the hydrocarbon gas is produced, it is’

not to be understood that the mnvention pre-
cludes the supply of additional power, heat
or reducing agent, from other sources, if for
any reason they should seem desirable in a
particular locality.

In general, the operation may be summa-
rized as follows. The coal is first subjected
to a drying and preheating operation, and
then to a distillation stage from which a hy-
drocarbon gas is derived. The ore and flux

are fed through a preheating furnace into.

an electric furnace, and the hydrocarbon gas
after purification is passed through the
charge in the electric furnace and out by way
of the preheating furnace. The iron or steel
thereby produced ma; be discharged-in any
desired manner. The coke remaining from
the coal after the hydrocarbon 2as has been
set free is utilized as fuel either direetly or
indirectly, a portion of the heat being ap-
plied to the drying of the coal and distilla-
tion of the hydrocarbon gas, while another
portion is used in firing the boilers for the
production of electric power employed in the
electric furnace. The tar, ammonia and sul-
phur products may be recovered from the
raw hydrocarbon gas and handled in any
well known manner where their recovery
may represent marketable byproducts. By
driving off moisture from the coal,
avoiding the introduction of air into the @as

- which is to be used as a reducing agent, the -

reduction of the ore is more advantageously
accomplished.

While T have described the invention more
particularly with relation to the treatment

- of iron ores, I wish to include within the
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scope of the invention, the treatment of ores
in general, whether of iron or of other mate-

and’

rial, wherein the same
useful application,

I claim: ‘

1. The method of reducing ores, which
comprises distilling a hydrocarbon gas from
coal, utilizing the hydrocarbon 2as as a Te-
ducing agent for the ore, and utilizing the
resulting coke, out'of contact with the ore,
as a source of heat for‘maintaining the tem-
perature of the ore during reduction.

2. The method of reducing ores which
comprises heating coal o derive a hydrocar-
bon gas, utilizing the resulting coke, out of
contact with the ore, as a source of heat for
developing electric power, utilizing the elec-

principles may find

tric power to supply heat to the ore, and’

bringing the hydrocarbon gas
with the ore to reduce the same. :

3. The method of reducing ores which
comprises heating coal to derive a hydrocar-
bon gas, burning the resulting coke, out of
contact with the ore, with limited air sup-
ply to produce a combustible gas, burning
the said combustible gas to develop electric
power, supplying heat to the ore by means
of the electric power developed, and subject-
ing the ore to the reducing action of the hy-
drocarbon gas.

4. The method of reducing ores, which
comprises heating coal, while excluding air
therefrom to derive a hydrocarbon gas, uti-
lizing the hydrocarbon gas with the exclu-
sion of air, as a reducing agent for the ore,
and utilizing the resulting coke, out of con-
tact with the ore, as a source of heat for
maintaining the temperature of the ore dur-
ing reduction, while at the same time, ex-
cluding oxidation products thereof from
the ore. .

nto contact

WALTER E. F, BRADLEY.

48

50

55

60

65

70

76




