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Application filed February 7, 1929, Serial No. 338,311, and'in Great Britain J’énuary 18, 1929.

This invention relates to the reduction of
ores, oxides and the like.

One of the objects of the invention is to
provide a new method of internally heating

5 the chamber in which reduction of the mate-

. rialis effected consisting in cracking a hydro-
carbon by bringing it into contact with heated
ore, oxide or the like within the reducing
chamber and burning the combustible va-

10 pours produced by means of separately in-
troduced air. A .further object of the inven-
tion is to utilize a hydrocarbon to effect both
the heating of the material to be reduced and
its. reduction contemporaneously by cracking

15 the hydrocarbon by bringing it into contact
with a body of the ore, oxide or the like heated
to its reducing temperature and admitting
air to the region where such cracking takes
place sufficient to effect combustion of the

20 combustible vapours produced and the pro-
duction of a non-oxidizing atmosphere.

By means of this method reduction of the
ore or the like is effected by means of nascent
carbon or carbon in its atomic condition as

25 distinct from carbon in its ordinary or mo-
lecular condition whilst by the separate ad-
mission of just sufficient air for the purpose
in the region where the cracking of the hy-
drocarbon takes place the combustible' va-

30 pours given off are burnt without producing
an oxidizing atmosphere. _ _

. Apparatus suitable for carrying the inven-
tion into effect is illustrated in the accom-
panying drawings in which :(—

35 ~ Fig. 1 is a longitudinal vertical section
through a reducing chamber of the rotatable
tube type adapted for reducing volatile
metals such as zinc and embodying means for
introducing a hydrocarbon and air for carry-

40 ipe the present invention into effect. '

Fig. 2 is a fragmentary section to an en-
larged scale of the means illustrated in Fig.
1 for introducing a non-cracked hydrocarbon
into the body of ore or the likein the reducing

45 chamber. :

Figs. 8 and 4 illustrate a means for clearing
the outlets of the hydrocarbon feed pipes.

Fig. 5 is a transverse vertical section to
an enlarged scale through. the hydrocarbon

80 feeding mechanism illustrated in Fig. 1.

‘the automatic valves controlling the inlet end

Fig. 6 is a fragmentary vertical section of
the same reducing chamber illustrating a

‘modified means for introducing the air for

combustion. . . :

Fig. 7 is a transverse section on an en:
larged scale through the reducing chamber
illustrated in Fig. 1 showing two positions
of the air inlet pipes and the operation of

of such pipe. . . .
Referring to the drawings the reducing -
chamber illustrated is in the form of a rotat-
ably mounted tube 1 having openings 2 and
3 at opposite ends, said openings being suit-
ably sealed against the free ingress of air the
opening 2 beinig for the removal of the va-
pourous products of reduction and the open-
ing 8 for the removal; by way of the chute
4 of the gangue or residue. The ore, a bank .
of which is indicated at 5 in position along
the interior of the reducing chamber is fed
in bv way of the opening 2 by means compris-

55.
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ing an inclined chute 6, a communicating .

horizontal or substantially horizontal tube 7
and a worm or other conveyor 8. These ore

feeding means are supported by and extend

through a water-jacketed tower 9 in which
is effected the condensation of the metallic
vapours and their separation from the-other
gases produced by the reduction as described
in the specification of my pending applica-

tion for Letters Patent No. 301,889. Extend-

ing longitudinally through the centre of the
reducing tube is a stationary tube or hollow
girder 10 which is supported at opposite ends
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by supports 11 and 12. Through the interior .

of this tube or girder water is continuously
circulated, the inlet for such water being at
one end and indicated at 18 and the outlet
at the opposite end, being indicated at 14,
such outlet discharging into the interior of

‘the aforesaid condensing tower 9.

Extending radially and at spaced intervals.
from the tube or girder 10 are a plurality of
nozzles, the construction of which is indi-
cated clearly in Fig. 2. These nozzles com-
prise a comparatively small inner tube 15
each of which is water-jacketed to its ex-

‘tremity by means comprising inner and out--
_er spaced tubes 16 and 17, the latter tube clos-
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ing in against the extremity of the 'sma_ll in-
ner tube 15. The interior of the tube 16 com-
municates with the interior of the tube or

- girder 10 by means of an inlet opening 164
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and similarly the interior of the outer tube
17 also communicates with the interior of the
tube or girder 10 by means of an outlet pas-
pase 17a. Water from the interior of the
tube or girder 10 is thus caused to circulate
through the spaces formed by.means of the
concentric tubes 16 and 17 in the direction
of the arrows shown in Fig. 2. The inner
small tube 15 is thus always maintained com-
paratively cool. As an additional precaution

in this direction the outer tube 17 1s enclosed

by means of an outside casing 18 having an
interposed packing 19 of any suitable heat
insulating material. ’

The inner tubes 15 which at their extremi-
ties open into the interior of the reducing
chamber are adapted to deliver, in a non-
cracked and comparatively cool condition, a
liquid hydrocarbon and for this purpose each
such tube communicates at its inner end with
a tube 20 which latter tubes extend longitudi-
nally through the water space within the in-
terior of the tube or girder 10. These tubes
90 project through the left hand end closure
of the tube or girder 10 and are thus outside
of the reducing chamber and such exposed
extremities are each fitted with feed or inlet
pipes 21 communicating with the main hy-
drocarbon supply. '

As will be seen from Fig. 5 the water-
cooled hydrocarbon supply nozzles extend
into the interior of the reducing chamber at
an angle to the vertical so that during the ro-
tation of the reducing tubes the outlets of
these nozzles are always normally covered
by the bank of ore.

Means are provided, in the example illus-
trated, for preventing the outlets of the hy-
drocarbon delivery pipes or tubes 15 from
becoming choked with coke such means com-
prising pricker rods 22 which extend down
through the centre of each such pipe 15 and
are adapted to be periodically reciprocated
by means of a crank connection 23 between
such pricker rods and further rods 24 located
within the longitudinal feed tubes or pipes 20
which latter rods may be oscillated or par-
tially rotated for the purpose from their
outer extremities 25.

As shown in Fig. 5 the water-cooled tube
or girder 10 may be additionally protected
against the radiant heat within t}ze reducing
chamber by means of an exterior shrouding
26 and an interposed packing 27 of a suit-
able non-conducting material, '

By these means a liquid hydrocarbon is
conveyed in a non-cracked condition into
actual contact with a bank of ore heated to its
reducing temperature. As a result of the
contact between the comparatively cool hy-
drocarbon and the hot ore the hydrocarbon
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and the hot ore the hydrocarbon is eracked in
situ producing carbon in its most active form,
namely, in its atomic or nascent form and in
this form effects the reduction of the ore.
When a hydrocarbon is cracked there are

given off a quantity of combustible gases:

which it is one of the objects of this inven-
tion to use for the purpose of heating the ore
to and maintaining it at its reducing tem-
perature within the reducing chamber. This
object is attained according to the present
invention by separately introducing air into
the reducing chamber in proximity to the re-
gion or regions where the cracking of the hy-
drocarbon takes place the quantity of air thus
admitted being sufficient to effect complete
‘combustion of thesaid combustible gases with-
out producing an oxidizing atmosphere with-
in the reducing chamber. In the arrange-
ment illustrated in Figs. 1,2, 8,4, 5 and 7
this air is introduced into the interior of
the reducing chamber by means of a plural-
ity of tubes 28 which extend radially through
the wall of the reducing chamber. In prac-
tice it is found to be essential to prevent this

air from being projected - directly onto the

exposed surface of the bed of hot ore and
to this end the outer end of each tube is pro-
“vided with a flap valve 29 each of which is
hinged at 30 a stop 81 being provided to lim-
it their opening movement. These valves
thus operate by gravity and remain closed
until the rotation of the reducing chamber
brings the tubes to a position where their in-
ner ends project through the bank of hot
ore as shown most clearly in Fig. 7. In this

osition of the reducing chamber the valves

all open automatically and allow air to en-
ter and by reason of t{e particular location
of the air tubes relatively to the hydrocarbon
inlets, to support combustion of the combusti-
ble gases evolved by the cracking. in situ of
the introduced hydfocarbon. During the re-
maining revolution of the reducing chamber
the valves 29 remain closed.

In the modified arrangement illustrated in
Fig. 6 the air is introduced by means oi a
plurality of longitudinal tubes 82 of vary-
ing lengths. As: the outlets of these tubes
serve to discharge the air away from the bank
of hot ore the provision of controlling valves
as in the former arrangement, is rendered un-
necessary.

Claims:

1. Apparatus for reducing ores compris-
ing a reducing chamber rotatable about an
approximately horizontal axis, means for
introducing into said chamber the material
to be reduced, a plurality of water-cooled
pipes mounted upon a fixed support outside
- of the chamber and extending into said re-

ducing chamber and having their outlet~
disposed at intervals along the length of
the reducing chamber adjacent the lower-

.
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wall thereof so as to be normally covered by

the material to be reduced, means for feed--

ing said pipes with a non-cracked liquid hy-
drocarbon when the material covering their
outlets is at a temperature sufficient to cause

said hydrocarbon to be cracked on contact

and a plurality of air supply pipes having
their outlets disposed so as to project the air
into the interior of the reducing chamber
in proximity to the regions where contact is
made between the non-cracked hydrocarbon

and the heated material but in a direction-

away from the surface of such material for
the purpose of supporting combustion of the
combustible gases produced by the cracking

of the hydrocarbon and thereby heating the

interior of the reducing chamber through-
out its length with the production therein
of a non-oxidizing atmosphere. A

9. Apparatus for reducing ores compris-

ing a reducing chamber rotatable about an

approximately horizontal axis, means for in-
troducing into said chamber the:material to
be reduced, a plurality of water-cooled pipes
mounted upon a fixed support outside aof
the chamber and extending into said reduc-
ing chamber and having their outlets dis-
posed at intervals along the length of the
reducing chamber adjacent the lower wall
therecof so as to be normally covered by the
material to be reduced, means for feeding

_ said pipes with a non-cracked liquid hydro-
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carbon when the material covering their out-
lets is at a temperature sufficient to canse said

hydrocarbon to be cracked on contact, and

a plurality of air supply pipes extending at
intervals radially through the wall of the
reducing chamber having valves controlling
their inlets, said valves opening when the
supply pipes are on the underside of the re-
ducing chamber so as to admit air only when

the pipes are in .a position where the air is.

discharged away- from the surface of the
heated material within the reducing cham-
ber. :

3. . Apparatusforreducingorescomprisinga
reducing chamber rotatable about an approxi-
mately horizontal axis, means for introducing
into said chamber the material to be reduced,

“a plurality of water-cooled pipes mounted

upon a fixed support outside of the chamber
and extending into said reducing chamber
and having their outlets disposed at inter-
vals along the length of the reducing cham-
ber adjacent the lower wall thereof so as to
he normally eovered by the material to be
reduced, means for feeding said "pipes with
a non-cracked liquid hydrocarbon, means. for
periodically cleaning said outlets, and a plu-
rality of air supply pipes extending at in-

- tervals radially through the wall of the re-

ducing chamber having gravity operated flap
valves controlling their inlets, said valves
opening when the supply pipes are on the
underside of the reducing chamber so as to

3

admit air only when the pipes are in a posi-
tion where the air is discharged away from
the surface of the heated material within the
reducing chamber.

4. Apparatus for reducing ores compris- -,

ing a reducing chamber rotatable about an
approximately horizontal axis, means for
introducing into said chamber the material
to be reduced, a hollow member mounted
upon a fixed support outside of said cham-
ber and extending longitudinally through
said chamber, means for circulating water
through said member, a plurality of pipes
extending through the water space in the in-
terior of said hollow member, outlets pro-
jecting radially at intervals from said mem-
ber each outlet communicating with one of
said pipes and extending downwards to a
point adjacent the bottom of said reducing
chamber, means for water-cooling said out-

[
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lets, means for feeding said pipes with a non- -

cracked liquid hydrocarbon, and a plurality
of air supply pipes having their outlets dis-
posed so as to project the air into the interior
of the reducing chamber in proximity to the
regions where contact is made between the
non-cracked hydrocarbon and the heated ma-
terial but in a direction away from the sur-
face of such material for the purpose of sup-
porting combustion of the combustible gases
produced by the cracking of the hydrocarbon
and thereby heating the interior of the re-
ducing chamber throughout its length with
the production therein of a non-oxidizing
atmosphere.

5. Apparatus for reducing ores compris-
ing a reducing chamber rotatable about an
approximately horizontal axis, means for
introducing into said chamber the material
to be reduced, a hollow member mounted
upon a fixed support outside of said cham-
ber and extending longitudinally through
said chamber, means for circulating water
through said member, a plurality of pipes
exten§ing through the water space in the in-
terior of said hollow member, outlets pro-
jecting radially at intervals from said mem-
ber, each outlet communicating with one of
said pipes and extending downwards to a
point adjacent the bottom of said chamber,
means for water-cooling said outlets, means
for feeding said pipes with a non-cracked
liquid hydrocarbon, and a plurality of air
supply pipes extending at intervals radially
through the wall of the reducing chamber
having gravity operated flap valves control-
ling thelr inlets, said valves opening when
the supply pipes are on the underside of the
reducing chamber so as to admit air only
when the pipes are in a position where the
air is discharged away from the surface of

the heated material within the reducing

chamber.
6. Apparatus for reducing ores compris-
ing an internally heated. reducing chamber,
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4

means for feeding ore into said reducing
chamber, an outlet for the gangue, an inlet
for delivering a hydrocarbon material to the
ore within said reducing chamber, means to
prevent the decomposition of said hydro-

‘carbon material in said inlet whereby the

hydrocarbon material is delivered to the ore

_in a substantially non-decomposed condition,

10

and an inlet for admitting combustion air
into said reducing chamber so as to effect
the combustion within the reducing chamber

~ of the combustible products produced by the

15

cracking of the hydrocarbons in the intro-
duced hydrocarbon material.

7. Apparatus for reducing ores comprising
an internally heated reducing chamber rotat-
able about an approximately horizontal axis,
means for feeding ore into one end of said

. reducing chamber, an outlet for the gangue
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at the opposite end of the reducing chamber,
sealing means at both ends of the reducing
chamber to prevent the free ingress of air into
the interior of said chamber, an inlet extend-
ing into said reducing chamber for deliver-
ing to the ore contained in said reducing
chamber a hydrocarbon material, a jacket

“surrounding said inlet, an inlet and an outlet

to said jacket for the circulation through said
jacket of a cooling liquid, and a further inlet
for admitting combustion air into said redue-
ing chamber to effect the combustion within
the reducing chamber of the combustible
products produced by the cracking of the
hydrocarbons in the introduced hydrocarbon
material. o

8. Apparatus for reducing the ores of vola-
tile metals comprising an internally heated
reducing chamber, means for feeding ore into
one end of said reducing chamber, an outlet.
for the reduced metallic vapours at the same
end of the reducing chamber, an outlet for
the gangue at the opposite end of the reduc-
ing chamber, sealing means at both ends of
the reducing chamber to prevent the free in-

ess of air into the interior of said reduc-
ing chamber, an inlet extending into said re-
ducing chamber for delivering to the ore con-
tained in said chamber a hydrocarbon mate-
rial, a jacket surrounding said inlet having
an inlet and an outlet for the circulation
through said jacket of a cooling liquid, and
a further inlet for admitting combustion air
into said reducing chamber to effect the com-
bustion within said chamber of the combusti-
ble products simultaneously with the metal-
lic vapours by the cracking of the hydrocar-
bon in the introduced hydrocarbon material.

9. Apparatus for reducing ores comprising
an internally heated reducing chamber rotat-
able about an approximately horizontal axis,

means for feeding ore into one end of said

reducing chamber, an outlet for the gangue
at the opposite end of said chamber, a pipe
fixed by one end outside the reducing cham-
ber and extending into the interior thereof

_rotatable about an approximately

“ore within said reducing chamber,

1,767,180

to ncar the bottom of said chamber for the
conveyance of a liquid hydrocarbon to the
ore contained within said chamber, a jacket
surrounding said pipe having an inlet and
an outlet for the circulation through said
jacket of a cooling medium to
cracking of the liquid hydrocarbon within
said pipe, and a plurality of inlets in the wall
of the reducing chamber for admitting com-
bustion air to effect the combustion within the
reducing chamber of the combustible prod-
uets produced simultaneously with the me-
tallic products by the cracking of said liquid
hydrocarbon. _ :

10. Apparatus for reducing ores compris-
ing an internally heated reducing chamber
orizontal
axis, means for feeding ore into said reducing
chamber, an outlet for the gangue, an inlet
for delivering a hydrocarbon material to the
an inlet
for admitting combustion air into said re-
ducing chamber and a valve on said inlet con-
trolling the admission of said air, said valve
opening only when said inlet is on the under-
side of the reducing chamber to_effect the
combustion within the reducing chamber of
the combustible products produced by the
cracking of the hydrocarbons in the intro-
duced hydrocarbon material with the main-
taining of a non-oxidizing atmosphere.

11. Apparatus for reducing ores compris-
ing an internally heated redu'(:in,%1 chamber
rotatable about an approximately horizontal
axis, means for feeding ore into said reduc-
ing chamber, an outlet for the gangue, an 1n-
let extending into the reducing chamber for
delivering a hydrecarbon material to theiore
within said reducing chamber & jacket sur-
rounding said inlet having an inlet and an
outlet for the circulation through said jacket
of a cooling liquid, sealing means at both ends
of the reducing chamber to prevent the free
ingress of air into said chamber and a plu-
rality of radial air inlets disposed at inter-
vals along and extending through the wall of
said reducing chamber.

In testimony whereof I affix my signature.

HENRY EDWIN COLEY.
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