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This invention relates to the reduction of
ores, oxides and the like, and has for its ob-
Ject the reduction of the ores etc., more rapid-

ly and economically than by the processes at

5 present in use.

According to the present invention the re-
duction of the ores etc., is effected by heating
them to a temperature not exceeding that nor-

‘mally used for their reduction and at that
10 temperature injecting on to or into the heated
ores etc., a hydrocarbon or suitable body con-
taining hydrocarbon, so that the hydrocarbon

1s rapidly decomposed, producing carbon in
an active or nascent condition effecting the

15 reduction of the ores etc. The active or
nascent condition of the carbon thus produced

1s shown by the rapidity of the reduction in

comparison with reductions effected in the
normal manner. Thecarbon soproduced may

20 be suitably described as carbon in statu nas-
~ cend1l. ] R |
In the application of my invention it is
necessary to carry out the re-action in an ap-
paratus of suitable construetion, so designed

25 that while the process is being carried out

air may be excluded if desired from the ap-

paratus and preferably so designed that the
material to be treated may be passed contin-
~uously through the apparatus. The appara-
30
this material depends upon the nature of the
ore or oxide to II))e treated and upon the tem-
perature at which the re-action must take
~ place. The apparatus may consist of a cham-
35 ber or cylinder which can be rotated in order
~ to provide agitation to the ores ete. to be

treated, or provided with internal agitating
means such as rotary baffles, or intermittent

- movement of the material so that the material
40
- passage through the apparatus.

In order to clearly explain the method

of the application of my invention I will

_ describe the method adopted in the reduc-
tion of iron ore or oxide to the metal:by aid
- of the accompanying diagrammatic draw-

45

. %[‘h"e ore, etc., 1s first crushed to approxi-
mately 14" mesh and is allowed to pass, by

50 means of a hopper a and a suitable mechan-

tus may be made of any suitable material but

passage down the
‘heate

is subjected to frequent agitation during its

ical delivery device & so designed that it is
in 1tself a seal, into a tower ¢ which is con-
structed of refractory material such as
bricks, and which is provided with a series
of baffles 4 at equal distances one above the
other, so arranged that when at rest they
are horizontal but can be -tilted about a
hinge ¢ at suitable intervals of time or in-
verted so that the material held on the baf-
fle while horizontal is transferred on to the
next baffle, which, in its turn and at a suit-
able interval after the moment of the pre-
vious baffle, is similarly operated to deposit
1ts contents on to the next bafle. The mech-
anism operating these baffles is designed so

that the ores, etc., to be treated take a cer-
tain length of time to pass from the top of
the tower to the bottom, which time in the

case of-iron ore or oxide is approximately
1% to 2 hours. In order to raise the tem-
perature of the material passing through
the tower to the necessary temperature for
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the reduction to take place, the bottom por-

tion of the tower is heated by a flame #,
which&mag be provided by the partial com-
a

bustion of a jet ¢ of liquid hydrocarbon or

~of solid carbonaceous material such as coal.

By means of this heating flame the tower is
raised to a suitable temperature which re-

~duces as the heat passes up the tower, so that

each baffle is heated to a temperature rather
higher than the one above it. By this
means, the ores, etc., to be treated, in their
tower become gradually
to the temperature at which the re-
duction will take place, and at or about that
point an injection of hydrocarbon or hydro-
carbon containing body is made on to or into

the material through the tuyéres 4. In the

case of magnetite ore the normal tempera-
ture of reduction is approximately 1100°

C., but I have found it possible to effect re-
duction at a temperature of about 950° C.

The hydrocarbon is decomposed on coming

into contact with the heated ores, etc., pro-
~ducing nascent carbon which effects the re-
duction of the ores, ete. To prevent reox-
1dation of the material after it has been sub-

jected to the reaction referred to, the re-
duced material is transferred, preferably by

s
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-way of the passage i from the reducing
" tower, at a point below that at which the re-

10

. it reaches the end of the cooling cylinder 1s

duction is complete but above the pomnt at

“which the heated flame is injected to a cylin-

der which is cooled and provided with means

4 for effecting internal agitation in such a
 manner that the material is moved through
its length. This cylinder, which may be

made in this case of iron, is externally cooled
by means of a water spray & or by any other
suitable device so that the reduced iron when

. at approximately atmospheric temperature

15

),

and may be safely passed into the atmos-
phere without any fear of reoxidation.

‘In the appended claims, by the language
“gn undecomposed hydrocarbon material

‘having the property of decomposing at such

temperature with the liberation of free car-

bon”, I mean to include hydrocarbon ma-

terials which are of course decomposable at
temperatures below the reduction tempera-

ture of the ore. So long as the hydrocarbon

“ material used will decompose when brought

25

into contact with ore at the reduction tem- _ _ _
“which consists in passing through an air ex-
cluding vessel a current of the material to

perature, the requirements of my process

‘are sat-isﬁed.- - Needless to say, a hydrocarbon

 material having a decomposition tempera-

- ture of the ore can be, and usually is, used,
since at temperatures in excess of 1ts decom-

80

posing temperature it will of course be de-

- composed.

85

‘composed hydrocarbon, thereby producing

40

"What I claim is:— - .
1. A process for reducing ores which com-
prises heating said ores to a reducing tem-
perature and upon reaching said tempera-

nascent carbon. . _
2. A process for reducing ores which com-
prises heating said ores to a reducing-‘téem-

- perature and upon reaching said tempera-
“ture injecting into the body of ore an unde-

~ composed liquid -hydrocarbon, thereby pro-

ducine nascent carbon.

3. The process of reducing oxidic ores

- which comprises maintaining a moving body

- 50

~ material having theproperty of decomposing
~ at such reduction temperature with the hb-
eration of-free carbon. '

of such ore in a shaft, heating the ore to
the reduction temperature thereof and in-

troducing into the ore, while at reduction

temperature, an undecomposed hydrocarbon

‘4., The process of reducing oxidic ores

which comprises maintaining a moving body

 of such ore in a shaft, heating the ore to

- substantially its reduction temperature and

80

introducing into the ore, while at such re-
duction temperature, an undecomposed liq-

. uid hydrocarbon material having the prop-
erty of decomposing at such temperature

' with the liberation of free carbon.

~.” 5. The process of reducing oxidic ores -
which comprises maintaining & moving body = -

~
)

out of contact with air.

‘burner, the _
through the vessel and ‘when said material

is at the reduction temperature passing an
undecomposed hydrocarbon 1n a countercur-
rent to the current of the material by in-

~upwardly throug

1,777,898

of such ore in a chamber, heating the ore to -

reduction temperature by means of hot gases

passing through the chamber countercur-

rent to the ore, introducing into portions of
such ore, which have reached substantially

reduction temperature, an undecomposed hy-
drocarbon material having the property of
decomposing at such temperature with the

liberation of free carbon, and then cooling
the .reduction products thus produced while

70
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6. The process of reducing oxidic ores

'which comprises maintaining a moving body
of such ore in a chamber, heating t%l '

to substantially reduction temperature by
oases passing through the

means of hot _
chamber countercurrent to the ore, introduc-
ing into portions of such ore, which have

reached reduction temperature, an undecom-

posed liquid hydrocarbon material having

the property of decomposing at such tem-
perature with the liberation of free carbon,

and then cooling the reduction products thus
produced while out of contact with arr,
7. A method of reducing ores or oxides

be reduced and heating it to substantially
its reduction temperature by a hydrocarbon
oases of combustion passing

troducing said hydrocarbon at a point in the

e ore

CLU
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vessel normally covered by the mass of ma-

terial, said reducing hydrocarbon being de-
‘composed and its constituents in part carried
h said material by the up-
ward passage of the gases of combustion .

from said burner, and cooling the reduced

material while excluded from the air.

- 8. A method of reducing ores or oxides

105

which consists in passing the material to be

reduced downwardly through an air-exclud-
ing vessel, heating the material to be reduced
‘to its reduction temperature by passing hot

combustion gases over and through the ma-

terial, and when said material is at its re- '

duction temperature, introducing an unde-

passing it upwardly

110
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| COmPosedhydrocarbon-»«int_()“the material and
_ countercurrent to the
flow of material, said hydrocarbon being 1n-
troduced at a point normally covered by the
material, whereby the thus introduced hy-

120

drocarbon is decomposed, nascent carbon is. =

formed and the ore at that point reduced .
thereby, the reducing hydrocarbon being de-.

composed and its constituents in part car- -

gases. -
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Tn testimony whereof I affix my signature.
S HENRY EDWIN COLEY.
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