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To all whom it may concern,:

Be it known that I, GusTar M. WESTMAN,
8 subject of the King of Sweden and Norws ,
residing at New York, county of New Yorl}g,
and State of New York, have invented cer-
tain new and useful Improvements in Proc-
esses of Reducing Iron Ore. fully described

and represented in the following specification

and the accompanying drawings, forming a
part of the same. -

It has been proposed heretofore to reduce
iron ore by subjecting it to the action of
highly-heated water-gcas—that IS, & gas con-
sisting principally of carbon monoxid and hy-
drogen.
ing material—such, for Instance, as carbonic
acld—which prevents the complete reduction
of the ore. Furthermore, in the processes
heretofore proposed in which the use of wa-
ter-gas was suggested the temperature at
WhjC% 1t was proposed to use the gas was not,
sufficiently high for the complete reduction
of the ore. Furthermore, these processes
contemplated the reduction of the ore with-
out the addition of carbon. _

The object of this invention is to provide a
new and improved process for reducing iron
ore by the production of gases containing
carbon monoxid and h _
tures sufficiently high to reduce the ores when
brought into contact therewith, this temper-
ature being in the case of iron ores about
1,100° centigrade.

With this and other objects in view the in-
vention consists in the process which is here-
inafter described and then more specifically
set forth in the claims hereunto appended,

In order that the process may be fully
understood, the same will be described in con-
nection with an apparatus which is capaci-
tated for carrying it out. It is to be under.
stood, however, that the process is in no way
dependent upon the partieular form of appa-
described.

In the accompanying drawings, Figure 1 is
a plan view, partly in section, of a form of
turnace suitable for carrying out the process
which forms the invention. Fig. 2 is a longi-
tudinal section of the same.

In order to successfully reduce iron ore, the
gas employed in the reduction should be free
from oxidizing material and should be em-
ployed at a temperature of about 1,100° cen-
tigrade. According to the present inven-
tion the gas which is to be employed in re-
ducing the ore is obtained by a proper treat-

This gas, however, contains oxidiz-

YdI‘Ogen at tempera- -

ther Increases t

water into

out the invention, however, the temperature

to which the mixture of air and steam is sub- -

jected will be as high as possible.
here remarked that it is
duce into the air as large a proportion of wa-
ter as possible in order to
drogen as possible; but the proportion of air
must be high enough to maintain the oases at
2 proper reducing temperature. In other

It may be

desirable to intro- |

form as much hy-

7O

words, the proportion of air to water or steam

must be so regulated that the resulting gases
will be delivered to the furnace at a proper re-
ducing temperature, which with iron OTes 1s
about 1,100° centigrade. After raising the
temperature of the mixture of air and water
or steam 1n the manner described the Q1T
and steam is then brought into contact with
carbon in order to form carbon monoxid and
hydrogen. This can best be accomplished
by bringing the air and steam in its heated
condition into contact with a mass of alow-
ing coke. The contact _
and air with the glowing coke produces the
gases described—that is to say, hydrogen
and carbon monoxid; but it also produces a
small percentage of carbonic acld, which is
objectionable for the reason that the csr.
bonic acid prevents the complete reduction
of the ore. In order to change this carbonic
acid mto monoxid, the gas is kept in contact
with a mass of

bonic acid has taken up carbon enough to
form carbon monoxid. This not only frees
the gas from the objectionable carbonie acid,
but by changing it into carbon monoxid fur-
' e reductive capacity of the
gas, so that its efficiency is increased.
dicated, contains

hydrogen and carbon mo-
noxid, to reduce

the iron ore, it is desirable

- 1o use 1n reducing the ore a small pereentage

of carbon, inasmuch as this carbon influences
the reductive capacity of the carbon mo.
noxid. The desired small percentage of car-
bon may be obtained and utilized in varlous

ways. Preferably, however, the gas after
being freed from the carbonic acid in the

manner described  is brought into contact
with the ore, which has mixed therewith a
small quantity of solid carbon—say about

of the heated steam

glowing coke until the car-

In
- order to enable this gas, which, as before in-
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by using this small
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three per cent.

ore and carbon will be

but preferably the |
The use of this small

formed into briquets.
nercentage of - carbon: _ X
15 to practically remove all traces of 0OXy-
cen from the ore. The effect thus pmduch
percentage of carbon in
reducing the ore is to be carefully distin-
guished from the well-known blast-furnace
process in which a comparatively large per-
centage of carbon 1s mixed with the ore. The

mixing of a large percentage of carbon with
and converts 1t

into pig-iron, whereas the object of the pres-

the ore carburizes the ore

ent process is to produce wrought-iron, which
object would be defeated 1f a large percent-

age of carbon were mixed with ore prior to.

reduction. It may happen that the gases
resulting from the action of the glowing coke

" on the air and steam will contain an objec-
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This will preferably-

gas-producer

tionable percentage of sulfur,due to the pres-
ence of sulfur in the coke, and when this 1S
the-case it is desirable to purify the gases by
removing the sulfur. While this may be

effected 1n various ways, it can best be ac-

complished by mixing hmestone with the
coke in the chambers of the gas-producer.

the proper percentage—say about ten per
cent — of limestone with the coke 1n the gas-
producer and with the coke in the charging
receptacles or hoppers, so that as the coke 1s
renewed in the gas-producer the proper per-
centage of limestone will be fed in with 1t.
The lime in the limestone combines with. the

sulfur in the coke, thus forming calcium sul-
fid, and at the same time the small percent-
age of carbonic acid present in the lime will
unite with the carbon in the glowing coke to.

»

form carbon monoxid. The mixing of lime
with the glowing coke has the further bene-
ficial effect of making
the coke. - -

In the apparatus illustrated in the draw-
ings there is shown a reducing- furnace A,
which is connected by a channel B with a
D, said producer consisting of a
chamber D’.
coke or coke and limestone when limestone
is mixed with the coke are introduced 1in the

 chamber D’ is marked C, this hopper being
~ mounted above the chamber so as to dis-

55

provided
F’, into which air 1s

charge directly thereinto. A chamber F 1S
' which contains sets of iron pipes

_ forced by means of a
blower E, the conduit leading from the

~ blower to the pipes F’ being marked 1. -

6o

G indicates a water - pipe, which 1s pro-
vided at its ends witn a suitable spray
through which water
the pipes F’. A series of these pipes G may
be employed, the point of connectlion at

which the sprays enter the pipes being

_ This solid carbon may be
‘mixed with the ore 1 any desired manner; .

be done by muxmg

slag of the silicate in

The hopper through which the

may be sprayed into.

in reducing the ore |

marked G’.

‘through "an opening

“ducer contains incandescent coke.

coke, said channel

coke, forming

oases are generated, and the limestone will

of solid carbon.

grade.

by the amount of

controlled that the

]

812,247 .

- The pipes F’ in the apparatus
<hown are heated by means of the resulting
gases from the furnace A. The gases are
burned in a combustion-chamber %by con-
tact with air, which is led mto the chamber
indicated at J. The
products are led out from the chamber F
through the pipe or stack K.~~~ '

70

In practically carrying out the invention

as high a temperature as possible is main-
tained in the chamber ¥, because the higher
the temperature in this chamber the more

water can be introduced into the current of
air which passes therethrough. It 1s desir-

able that the temperature maintained in this

chamber F should not be less than 400° cen-
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80

ticrade. The air and steam is led from the -
pipes F’ by means of a pipe L, from which 1t

is forced through twyers M into the cham-
ber of the gas-producer D. This gas-pro-
hen the
mixed air and steam strikes. this incandescent
coke, a gas is formed containing nitrogen, hy-
drogen, carbon monoxid, and a small amount
of carbonic acid. - In order to free the gas

from the carbonic acid, it is led through the

channel B, which also contains incandescent
being supplied with coke

from a hopper (V. This channel 1s given an

upward bend, as shown, so that the gas will.

pass more readily therethrough, and is suf-
ficiently long so that the carbonic - acld gas

will remain a sufficient length of time in con-
tact with the incandescent coke to take up

the molecule of carbon necessary to convert
it into carbon monoxid. When, as before
indicated, there 1s limestone mixed with the
coke, the lime will unite with the sulfur in the
calcium sulfid, whereby pure
also act to slag the silicate in the coke.
oas passes from the channel B
Cace A and is there brought into contact with
ore, which, as before pointed out, preferably
has mixed with it from two to-three per cent.
After the gas has passed

The

1nto the Jf'llI'_-' |
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through the ore it will be led ack, as before .

described, into the combustion-chamber, so

that the reducing process is a continuous one.
part of the gas-

The temiperature in the lower
producer D may be roughlﬁ estimated at
about 1,600° centigrade. The temperature

at which the gas is utilized in the furnace A,

however, need not be above 1,100° centi-
The temperature in the gas - pro-

ducer D will of course be lowered by an

amount corresponding to the amount of

steam which is introduced into it with the arr.
This amount of steam 1s, however, controlled
water introduced into the
air by the spray G. In carrying out the in-
vention, therefore, the spray G should be so

temperature of the gas at
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the end of the channel B will not be lowered
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below or raised above about 1,100° centi-
grade, whichcan be readily effected by watch-

ing the temperature of the gases at the mouth

of the channel B and regulating the spray in
accordance therewith. Under ordinary con-
ditions the amount of water introduced will
be from four per cent. to six per cent.

The .process above tlescriﬁe(l can be car-
ried on at a low cost and
Furthermore, ore which cannot be reduced
i ordinary blast - furnaces because it con-
tains titanic acid can be reduced by this proc-
ess. This process can also be advantageously

used In reducing ores containing phosphoric

acid. In blast-furnaces on account of the
high temperature the phosphoric acid is con-
verted into phosphorus, which enters the
iron. At the comparatively low tempera-
tures employed in this process, however, the
phosphorie acid is only slightly reduced, so
that the
phosphorus.

What is claimed is—

1. The process of reducing iron ore which
consists in subjecting air mixed with steam
1 & eontinuous heated current to the action
of glowing coke to form carbon monoxid and
hydrogen and so regulating the proportion of
air to the steam that the resulting gases will
have a temperature of about 1,100° centi-
grade and finally passing the gases at said
temperature through the ores to be reduced,
substantially as deseribed.

2. "The process of reducing iron ore which
consists in subjecting air mixed with steam
In a continuous heated current to the action
of glowing coke having limestone mixed

therewith, whereby carbon monoxid and hy-

drogen free from sulfur are formed and so
regulating the proportjon of air to the steam
that the resulting gases will have a tempera-
ture of about 1,100° centigrade, and finally
passing the gases at said temperature through
the ores to be reduced, substantially as de-
scribed. '

3. 'The process of reducing iron ore which
consists in introducing water into a continu-
ous current of air, heating the mixed air and
water to form steam, passing the air and
steam through glowing coke to form carbon
monoxid and hydrogen, regulating the pro-
portion of air to the steam so that the result-
ing gases will have a temperature of about
1,100 centigrade and passing the gases at
sald temperature through the ores to be re-
duced, substantially as described.

4. "T'he process of reducing iron ore which

consists In introducing water into a continu- |

ous current of air, heating the mixed air and
water to form steam, passing the airand steam
through glowing coke mixed with limestone
to form carbon monoxid and hydrogen free
from sulfur, regulating the proportion of air
to the steam so that the resulting gases will
have a temperature of about 1,100° centi-

resulting iron contains but little

is of high efliciency. |

grade and passing gases at said temperature
through the ores to be reduced, substantially
as described.

5. The process of reducing iron ore which.

5

consists in subjecting air mixed with steam.

In & continuous heated current to the action
of glowing coke to form carbon monoxid and
hydrogen and so regulating the proportion of
aIr to the steam that the resulting gases will
have a temperature of about 1,100° centi-
grade and finally causing the gases at sald
temperature to act upon the ores to be re-
duced in the presence of a small percentage
of carbon, substantially as described.

6. The process of reducing iron ore which
consists in subjecting air mixed with steam
In a continuous heated current to the action

| of glowing coke mixed with lirnestone to form
carbon monoxid and hydrogen free from sul-

ﬁ

fur and so regulating the proportion of air to
the steam that the resulting gases will have
a temperature of about 1,100° centigrade
and finally causing the gases at said temper-
ature to act upon the ores to be reduced in
the presence of a small percentage of carbon,
substantially as described.

7. 'T'he process of reducing iron ore which
consists in introducing water into a continu-
ous current of air, heating the mixed air and
water to form steam, passing the airand steam
through glowing collze to form carbon mo-
noxid and hydrogen,regulating the roportion
of air to the steam so that the resu ting gases
will have a temperature of about 1,100° cen-
tigrade and finally causing the gases at said
temperature to act upon the ores to be re-
duced in the presence of a small percentage
of carbon, substantially as described.

8. The process of reducing iron ore which
consists in introducing water into a continu-
ous current of air, heating the mixed air and
water to form steam, passing the air and steam
through glowing coke mixed with limestone
to form carbon monoxid and hydrogen free
from sulfur, regulating the proportion of air
to the steam so that the resulting gases will
have a temperature of about 1,100° centi-
grade and finally causing the gases at said
temperature to act upon the ores to be re-
duced in the presence of a small percentage
of carbon, substantially as described.

9. The process of reducing iron ore which
consists in spraying water into a current of
alr, raising the temperature of the mixed air
and water to form air and steam, passing the
air and steam through incandescent carbon

to form carbon monoxid and hydrogen, and

subjecting the gases thus formed to the ac-
tion of the incandescent carbon, regulating
the proportion of air to steam so that the re.
sulting gases will have a temperature of about
1,100° centigrade, and then causing the zases
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at sald temperature to act upon the ores to -

be reduced in the presence of a small Eer—-
centage of carbon, substantially as described.
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10. The process of reducing iron ore which
consists in spraying water into a current of
all', Talsing L]m temperature of the mixed air
and water to form air and steam, passing the

S

hydrogen, and subjecting the gases thus
formed to the action of the incandescent car-

bon and lime whereby pure gases arc gener-
1o ated, regulating the proportions of the air

and steam so that the resulting gases will
have a temperature of about 1,100 centl-

air and steam through incandescent carbon
mixed with lime to form carbon monoxid and

orade, and then cansing the gases at sald

temperature to act upon the ores to be re-

duced in the presence of a small percentage 13
of carbon, substantially as described. |
In testimony whereof 1 have hereunto set
my hand in the presence of two subseribing
wltnesses. - S |
GUSTAF M. WIESTMAN.
Witnesses: L -
James Q. RicEk,
W II. KENNEDY
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