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PATENT OFFICE

WILLIAM H. SMITH, OF DETROIT, MICﬁIGAN

PROCESS OF REDUCING ORE AND CONVERTING HYDROCARBONS

Application filed April 4, 1927, Serial No. 180,746,

This invention relates to a process of re-
ducing ore and converting hydrocarbons, and
has to do particularly with the breaking up
of hydrocarbons and the process of reducing

§ iron ore, the reducing and breaking up steps
taking place simultaneously and continuously

" and at relatively low temperatures.
. _ In the past, in the process of reducing ores
devices have been designed in an attempt to
10 reduce iron ore, the iron ore being fed
through retorts in the presence of reducing

agents and at varying degrees of heat.

Sponge iron of a good grade has been pro-
duced, but at a relatively high cost of manu-
facture, and in most instances reducing ap-
paratuses and process have been directed
solely to the reduction of the ore with the
addition of a separate reducing agent utilized
entirely as such. On the other hand, in the
distilling and cracking of hydrocarbons such
as mineral oil, an almost unlimited variety
. of processes have been utilized which have
included the distilling of hydrocarbons with
and without cracking, distillation by the nov-
elty of the material treated and cracking of
the hydrocarbons in the presence of catalytic
material, (in which case the catalytic ma-
terial quickly becomes poisonous and requires
cleaning or removal). These various and al-
most innumerable processes have usually been
accomplished under either relatively high
‘temperatures,-or high pressure, or both, and
in one or more stages. Such hydrocarbon
. distilling apparatuses and processes, regard-
less of the result obtained, have been directed
‘solely to the distillation. or cracking process.
It is the object of the present invention to

- combine ore reducing with hydrocarbon frac-

o tionation and distillation, and broadly speak-
40 ing. it has to do with the process of cracking
_hydrocarbons. in the reduction of iron ore.

- More specifically, the present invention re-
lates to the method of feeding iron ore in a
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4 tively low heat to the continuously moving

stream of ore by conduction, the temperature
being just sufficient to cause reduction of the
iron ore without changing the construction
50 of the gangue accompanying same and the
addition of hydrocarbons, such as mineral

continuous enclosed stream; applying a rela--

oils or tars to the enclosed continuously mov- .
ing ore at a predetermined pointor pointsrel-
ative to the reducing zone whereby the hydro-
carbons may be vaporized and broken up or
cracked in the presence of the ore as a cata-’
lyzing influence at a relatively low temper-
ature, without intermission ofy such catalyz-
ing influence by poisoning or carbon deposit.
The poisoning influence of the catalyzers are
constantly passing with the ore out of the
breaking up or cracking zone of the hydro-
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carbons- and advancing to and through the -

reduction zone wherein the deposit of car-
bon unites with the oxygen in the ore to

‘cause the reduction of the iron ore to sponge
iron. '

The ‘a’ptparatus; for eﬁeéting this process
may comprise & retort or bank of retorts,
means for feeding a supply of iron ore con-

tinuously or at intermittent periods through

said retort or retorts, and means for introduc-.
ing the hydrocarbons at various points along’
sald retort or retorts into the enclosed mass of
ironore. The retorts for feeding the iron ore
are preferably long and narrow in cross sec-
tion, and arranged in banks whereby to sub-

stantially eliminate rad‘ation losses. Accu-

rately controlled heating means are posi-
tioned between the. retorts and so positioned
longitudinally thereof whereby the retort is

provided with a preheating, reducing and

cooling zone. The introduction of the hydro- -

carbons to the retort or retorts at the various -
predetermined. points ‘is controlled by the
quality of the hydrocarbon products desired
and the temperature of the reducing zore.

The iron ore passing through the retort or

retorts serves as a eatalytic agent which is
always fresh, and the walls of the retort may
be lined with a second catalytic agent, or a
second catalytic agent may be passed through
with the iron ore. The hydrocarbon deriva-
tives formed by the breaking up of the hy-
drocarbons in the presence of the lower re-

“ducing temperature and the exerting of the

catalytic influence, pass off as fixed gases, and
the reduced ore discharged after passing the
reducing. zone and cooled at the discharge

ends of the retort or retorts. Various other

novel features of this invention will be ap-

100
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- in Fig. 1, but
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Earent as this description progresses and will
e brought out in the claims appended here-
to. The preferred embodiment and appara-
tus for carrying out my novel process is shown
in the accompanying drawings wherein simi-
lar characters of reference
sponding parts, and wherein:

Fig. 1 is a front elevation partly in section
of a combined ore reducing and hydrocarbon
converting furnace and showing the pre-

ferred manner of forming the retorts and ar- .

ranging the heating units. _

Fig. 2 is a fragmentary transverse section
taken on line 2—2 of Fig. 1, the lower part
of the structure being shown provided with
alternate baffles instead of radiating fins.

Fig. 8 is a transverse sectional view illus-
trating a modified form of heating elements
and flues, and the manner of arranging the
same. ' :

-Fig. 4 is a fragmentary transverse section
taken through one of the retorts formed by
the structure shown in Fig. 8. = -

Fig. 5 is a diagrammatic illustration illus-
trating one of many ways of introducing the
hydrocarbons at different predetermined

‘points into the ore reducing retort.

Fig. 6 is a view similar to Fig. 4 and illus-
diagrammatically the location of the
reducing zone relative to the enclosed retort,
and the introducing of the hydrocarbons at
a point below the reducing zone, and the re-
moval of the. gases at a point above the re-
ducing zone. S
" Fig. 7 is a view similar to Figs. 5 and 6 and
diagrammatically illustrating the provision
of two positive heating zones, and the man-
ner of passing the hydrocarbons in contact
with the ore through only one heating zone.
Fig. 8 is a diagrammatical view similar to
Figs. 5, 6 and 7 and illustrating the manner
of providing separate preheating. and re-

ducing zones, the reducing zone being under”

positive pressure.

Fig. 9 is a side elevation, partly in section,
of an ore reducing and hydrocarbon convert-
ing furnace, similar to the structure shown
showing specific means for feed-
ing oil shale or similar material through the
heating units themselves.

This application is a continuation in part
of my application on a combined ore reducing
and hydrocarbon refining apparatus, Serial
No. 157,225, filed December 27, 1926.

It will be understood that various types ot
furnaces may be utilized in carying out my
novel process, the main common points of
such furnace structures only being that they

provide an enclosed retort or retorts for re--

ceiving and preferably for continuously feed-
ing ore to be reduced, the provision of means
for providing a heating zone and maintain-
ing such heating zone at a relatively accurate
predetermined temperature, and means of in-

troducing hydrocarbons.at any desired point
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esignate corre-

'

in the retort o retorts whereby the hydro-
carbons will be distilled and cracked in the
presence -of the iron ore or reduced ore, and
the iron ore reduced in the presence of the
hydrocarbons or hydrocarbon deposits. It
will be seen that my process relates broadly,

therefore, to the method of distilling and

cracking hydrocarbons in the process of re-
ducing iron ore, or the broad invention may
be stated the other way around, the method of
reducing iron ore in the process of cracking
and refining hydrocarbons. )

The process will probably be more readily

‘understood by the description of apparatus

which may be utilized in carrying out the

80

process. Inthe form of apparatus illustrated

in Fig. 1, the retort may be generally desig-
nated 1 and it preferably extends the length
of the furnace and is.open at the top portion
-whereby to receive a contiguous mass of ore.
This retort is preferably of general rectangu-

85

lar shape -and divided up into a series ‘of

smaller retorts by means of heating units 2
which extend transversely of the main retort
1 so as to divide the mass of ore into separate
columns which are relatively long and nar-
row in horizontal cross section. These heat-
ing elements or units 2 may be of any size
desired, and arranged in any manner desired

so long as the general mass of ore is broken us

Ep dandl the heat applied at intervals in the ore
oody. S
These heating units preferably extend
across the furnace and are hollow in the upper
portion thereof to receive suitable electric
resistance elements which may be designated
3. The ore which is designed to be fed en
masse into the furnace to surround the heat-
ing units and to be in turn divided up by said
heating units 2, is adapted to be fed into the

furnace by means of suitable hoppers 5 and

w

suitablé revolving valve members 6. Suitable

valve members or hoppers T are provided at
the bottom of each retoit formed by the heat-
ing elements 2, and both the valve 6 at the
top, and the valve 7 at the Bottom of each re-
tort ave air tight whereby to permit the reduc-

-tion of the ore, or the distilling and cracking

of the hydrocarbons or both under a prede-
termined pressure if desired. It will be obvi-
ous that the feeding valve 6 may be rotated
at any speed desired whereby the reduction
of the ore and the resulting production may
be accurately controlled. It will be under-
stood in the preferred carrying out of my

.process that the iron ore is preferably con-

tinuously fed to the retorts, or at least inter-
mittently, so as to produce a.substantially
continuous action whereby fresh ore is at

- all times presented to the incoming hydrocar-

pons. However, it ‘will be understood that

_my process may be successfully carried out

if the retorts are filled up at relatively infre-
quent intervals.

i
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In carrying out the introduction of my
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hydrocarbons to the retorts I ‘ioreferably proi

vide a series of valve inlets 8 and 9, the inlets:

9 in the drawings being positioned just above
the heating zone defined by the electrieal re-
sistance elements 8, and the inlets 10 being
positioned at the bottom part of such heating
zone. It will be understood, however, that
any number of inlets may be provided for

" introducing the hydrocarbons into the long

10

and narrow retorts, and in actual practice
where different qualities of hydrocarbons in-
cluding various oils are available, and where
different fractionations and distillations are

- desired, each retort will be provided with a

15

20

plurality of valved inlets spaced at different

oints relative to the reducing.zone. The
inlets 9 may be positioned within the heating
units 2, as clearly shown in Fig. 1, and the

hydrocarbons, such as mineral oil, fed into

the bottom part of such heating unit, as: at
10, and then conducted to-the valves 9 where-
by to serve as a cooling medium for-cooling
the reduced ore passing down between the

- ‘heating units. :

25
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. nately positioned baffles 12. When such a
modified structure is used the hydrocarbons
are preferably fed directly into the retorts
through any one of a series of inlets 8 and 9-
5 without preheating. In this particular ar-

-rangement the air is introduced into the baf-
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The hoppers 5 are preferably enclosed by
suitable casings 11 whereby the incoming ore
may be preheated if desired.: In Fig. 2 I
have shown a slightly modified form of fur-
nace, in that the bottom part of the heating
unit 2 is divided up into a series of alter-

fles 12, forming a part of the heating units 2,
and as the air is circulated back and ferth
by the baffles it.serves to cool the reduced ore
and to be in turn heated. . The heated air is

then preferably conducted by meaiis. of suit--

able conduits 13 to surround the hoppers 5 to
thus preheat the incoming ore.  Suitable out-
let conduits 14 are provided to communicate
with the interior of the main retort 1. As
this retort is entirely closed 'and the ore and
hydrocarbons heated by conduction, it will be
obvious that the outlets 14 will conduct away
the various gases formed in carrying out my
process. Such gases may be conducted to any
suitable container, or they may be separated,
condensed or otherwise taken care of as
desired. . R

The temperature of the heating units 2:

may be.accurately regulated and controlled

- by means of electric resistance units.' These
units are so positioned so as to accurately ap-

ply heat around a certain zone of each retort.
The heat at the central or hottest part of this
zone may be maintained preferably around
1800 to 2000 degrees Fahrenheit, but the par-
ticular heat to which such units are main-

“tained may vary considerably within the de-

sires of the operator, the production required,
and the quality of the ore being reduced and

3

h};dro_carbon cracked. The point is,fhﬁt the
heat is applied within the mass of ore and

accurately maintained at the correct, rela-

tively low temperature, sufficient to cause re-
duction of the ore. The separate streams of
ore .are relatively long and narrow whereby
such flat streams are penetrated uniformly
and thoroughly by the heat from the resist-
ance units. The ore, when delivered through
the hoppers 7, will be comparatively cool
through the cooling ‘effect of the air or in-

0
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coming hydrocarbons whereby such ore may

be delivered without being subjected to oxi-
dization.
In carrying out my steps of converting

hydrocarbons in the process of reducing ore, -
the hydrocarbons, such as mineral oil, may

be introduced through the valve inlets 8 or
9 or any other point or points as desired, as
will be later described. The oxides passing

_through the retorts to be reduced constitute
-one catalytic material, and chromium or

80
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nickel may constitute another catalytic agent. -
Such chromium or nickel, or other similar

catalyzer may be present as the lining of the

90

retorts or ‘may be introduced together with -
the introduction of the iron ore in the form = -

of nickel shot, nickel gauze or other:similar
forms which are easily salvaged after they

have been passed through the gas. In some

instances I prefer to add a quaatity of re-

-duced sponge iron with the iron ore to be re-

duced whereby to assist the catalytic action

in the converting or cracking of the hydro- -

carbons. ’ : R _
In the general carrying out of my process

the iron ore together with other catalytic

agents such as nickel chromium or reduced
sponge iron is fed into the retorts. 'Cooling,
reducing, preheating Zones are maintained
arcund each retort and the iron ore is fed

95
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downwardly in such retorts and progressively

through the preheating, reducing and cooling .

zones, the maximum 'heat at the reducing ..

zone being relatively low compared with ordi-
nary blast furnace practice.” The hydrocar-
bors, in the form of cils-or other forms, are

determined points, and due to the presence
of catalytic agents, the breaking up of the

hydrocarbons is accomplished at relatively .

110

introduced into the respective retorts at pre- -

low temperatures, and the precipitated car- .

bon in such fractionations of the hydrocar-
bons’ will pass with the material to be’re-
duced to. the higher temperatures (but ‘still
relatively low, dpproximately 1800° F.) and
react with the oxides present to reduce the
ore and forma (CO) gas. )

In the general introduction of hydrocar- -

bons into the retorts, the heavier hydrocar-
bens will be vaporized and broken up and
changed into lighter liquids or into gases
forming lighter liquids in the presence of a

120

125

catalyzer or catalyzers to prevent them from -

combining with the oxygen at the lower tem-

130
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~ peratures of ore reduction to form water va--

4

pors. In this manner lighter hydrocarbons
are formed at relatively loWwer heat tempera-

" tures than take place in the so-called crack-

10
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20

.ing process of refining hydrocarbons, as a .

stronger active catalytic agent will be pre-

sent in the continuously passing ore, being

mixed with the ore or formed in the walls of
the retort. -The iron oxide, as it ‘passes
through the reducing zone, will release its
oxygen to the carbon or hydrogen present a1nd
be reduced to sponge iron, the oxygen com-
bining with the excess carbon deposits from
the hydrocarbons to form carbon monoxide.
As a result of this arrangement and catalytic
reaction the hydrocarbons, if introduced at

the proper point, will be fractionated or,
.eracked, some hydrogen will be released at
‘the same time and will eombine with carbon,

which may be released by the cracking process
to form a fixed gas, such as methane (CH,)
due to the presence of catalyzers. It will
thus be seen that by continuously passing the
oxides through the closed retorts and adding
heavy hydrocarbons, such as mineral oil or

“tars, that I am able to convert or crack the

40
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heavier hydrogarbons, preferably into lighter
hydrocarbons ‘and also to produce a higher
and richer gas as containing hydrogen or hy-
drogen compounds, and gases such as meth-
ane, illuminates and saturates. It will be
understood, however, that this cracking of
the hydrocarbons and the forming of result-
ant gases may take place to a certain extent
in the présence of finely divided iron or iron
ore only s a catalyzer, but I prefer magnetite
Fe,0,, or ore with nickel or chromium to in-
credse the catalytic reaction. When hydro-
gen and carbon are present in my retorts, in
the presence of sponge iron, nickel and other
catalytic agents at a temperature around 500°
F.,and a pressure around 114 pounds, the car-
bon will combine with the hydrogen to form
CH,, which is approximately 97% fixed. It
will thus be seen that with-the liberating of
hydrogen and carbon in the reducing zone
that as such hydrogen and carbon pass down-
wardly through the cooling zone they will
combine, in the presence of the catalytic agent
or agents to form methane (CH,).

In the use of the modified form of appa-
ratus illustrated in Figs. 3 and 4, in carrying
out my novel method, the retorts are formed
as individual retorts from the point of en-
trance to the point of discharge. It will be
obvious that suitable inlets may be provided
at different points along each retort in such
bank of retorts for introducing the hydrocar-
bons at different points relative to the re-

ducing zone represented by the resistance.

. elements 8. It may be desired, however, to

“pass the ore to be reduced through one retort

and’ in the next adjacent retort to feed the
reducing material or hydrocarbons, particu-
larly so when such reducing materials are

1,785,428

associated with undesirable gangue such

as oil shale. When such reducing materi-
als or other combined materials are added
to the separate retorts and heated by con-
duction, I preferably provide a  suitable
passageway 20 between the respective re-
torts whereby the gases from the reduc-
ing material or: other hydrocarbons will
be conducted to the ore éarrying retort where-
by to serve as a reducing material. - Some of
the hydrocarbon gases formed will be sub-
jected to catalytic action and be broken up to
form various lighter hydrocarbons. All the
gases formed will pass upwardly and out
through the outlet 14. In Fig.
18, similar to that shown in %‘ig. 9, is pro-
vided for conducting the heated cooling gases
or air from the cooling zone, around the re-
ducing zone and up to the preheating zone,
which may be designated 21.

In Figs. 5, 6 and 7 I have illustrated dia-
grammatically several different methods' of
introducing the hydrocarbons to the con-
tinuously moving stream of ore or catalytic
material. In Fig. 5 the retort, diagrammati-
cally illustrated, may include the intake port
for the hydrocarbons 31, the outlet port 32,
and the heating unit as 33. If the heating

3, a conduit

unit 33 in this modification is maintained at

reducing temperature, approximately 1900°
F., and the hydrocarbons introduced at point
31 pass downward under increasing tempera-
tures in the direction of the reducing zone,
end fractions of the hydrocarbons result, and
as the hydrocarbons encounter the rising
temperatures in the reducing zone hydro-
carbons and hydrogen are liberated and
residue carbon proceeds downwardly into the
reduction zone to react with the oxygen in
the ore to form a CO gas. The hydrocarbons
added are preferably such as to produce an
excess of carbon to 1nsure a positive forma-
tion of the CO gas. It will also be under-
stood that some -of the hydrogen liberated
will combine with the ore as a reducing agent
forming, as a result, H,O. The carbon and
hydrogen released as a result of the heat-
ing of this hydrocarbon will continuously
pass downwardly and in the presence of the
sponge iron or other catalyzer in the form of
either nickel or chromium, etc., will, when a

‘temperature around-500° F. is reached, com-

bine to form methane (CH,). In this proc-
ess, due to the presence of catalyzers, the
gases formed are released through the port
32, the reduced ore and other catalysts con-
tinuously passing through the retort at all
times to present constant, fresh catalytic ma-

terial. * In this particular process pressure in

the rétort will be beneficial to increase the
reducing action and the forming of the gases;
therefore, I preferably maintain a slight
pressure within the retort by inherent reac-
tion of the materials or by mechanical means,

In the modification illustrated in Fig. 6,
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the hydrocarbons enter the retort at the point
34 and are removed at the point 85. The
heating means 33 is preferably maintained at
reducing temperature, as illustrated, and the
hydrocarbons enter the reduction chamber
below the point of reduction of the iron ox-
ides, and the hydrocarbons become broken to
minor fractions by the higher temperatures
encountered in the reducing zone. The hy-

drocarbons being broken up into minor frac-.
tions by the passage through the reduction

- zone will, in the presence of the catalytic

15

ageats present, pass off as illuminating gases,
such as H,, CH,, and CO gas. If desired,
the temperature of the heating element 33 in

" Fig. 5 will be maintained at approximately

20

- 26

1000° F. whereby to produce cracking of the
hydrocarbons and no appreciable reduction
of the iron ore. In this case the unreduced
ore and carbon will be discharged through
the valve 7 and can then be passed through
the retort shown in Fig. 6, in which case the
carbon will serve as a reducing.agent when
the carbon and ore pass through the reducing
zone maintained at the higher temperatures.
Otherwise, when the ore is introduced into

" the retort shown in Fig. 6, the hydrogen
- liberated in the hydrocarbons will serve as a

30
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40

reducing agent or a.separate reducing agent
must be introduced with the introduction of
the iron ore. :

In the modification shown in Fig. 7 I have
illustrated two separate heating elements,
one, 33, representing the reducing zone, and
the other, 36, representing a preheating zone.
It will be understood, however, that only one

heating means 33 may be provided and the

outlet ports positioned at points above the
heating means. , The intake port for the hy-
drocarbons may be designated 87 and the out-
let port 38, but it will be obvious that such

. ports may be reversed and the same results

obtained. By placing the ports as shown it

will be obvious that the hydrocarbons may be
introduced into the continuously moving
stream of ore without encountering the high-

- er temperatures present in the reducing zone,

.50
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of approximately 1900° F., which tempera-
tures would break up the hydrocarbons into
minor fractions.. The heating element 86 may
be maintained at a temperature, say, of 1300°
F., in which case the hydrocarbons passing
through  this zone will be broken up into
major fractions in the presence of the cataly-
tic materials, part of the hydrocarbons may
be broken up into CH,, CH,, C,H; or other
major hydrocarbon fractions. The tempera-

- ture of the heating element 86 is not fixed and

60

amay be varied as desired, or in practical con-
ditions the positioning cf the outlet port or
inlet ports above the reducing zone may be

-varied whereby to produce fractions of satu-

rated or unsaturated hydrocarbons in' major
or minor fractionations, as desired. "It will

‘further be obvious that an excess of ‘carbon

will be precipitated or formed as residue in
the cracking of the hydrocarlens. - This car-
" bon will proceed downwardly with the ore to
act as a reducing means, and as the reduction

of the ore is accomplished the carbon, being "

- present in excess, will combine with the oxy-
gen from the reduced ore to.form a CO gas
which will be recovered by passing the same
out of the ports 37 or 38, in accordance with

- the particular operation. ' -

It will thus be obvious that by providing a
plurality of different ports at various points
along my retorts for introducing and taking

~out the hydrocarbons before and after con-
version, that I have provided a process where-
by the hydrocarbons may be added to the iron
ore or other metallic oxides, preferably ‘con-
taining additional catalyzers in the form of
nickel or chromium, at any desired point rela-

. tive to the reducing zone, up to approximate-
1y 1900° F., in accordance to the hydrocarbon -
products desired by the reaction. In other

words, speaking in -general terms, when

._gf
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heavier oils and liquids are required, the -

hydrocarbons are added to the retort to en-
counter lower temperatures up to 1000° F.;
when olefins and gasolines are required, the

80

‘hydrocarbons are added to encounter tem- -

peratures in the retort up to 1500° F.; when
excess hydrogen or CH, are required, the
hydrocarbonis are added to the retort so as to
encounter temperatures up to 1900° F. ' These
steps indicate major possibilities, but it will
be understood that the hydrocarbons may be
added to and taken from the retorts in many
different ways so as to encounter an almost

peratures. o :
In Fig. 8 T have illustrated a further modi-
fied form of apparatus for carrying out my
"novel process of converting hydrocarbons in
~the reduction of metallic oxides. The vari-

heating zones maintained at predetermined
" temperatures by electrical resistance units 33
-and 36, or by any other desired means. Be-
tween the two heating zones which may be
designated a preheating and reducing zone I
“have provided a suitable air tight valve mem-
ber 6a, similar to.the valve 6, whereby pres-
sures may be maintained at one part of the
retort without affecting the reactions or oper-
ations in the other parts of the retorts. In
operating the structure such as diagrammati-
cally illustrated, the materials fed into the
top of the separate retorts may consist of iron
ore in the form of magnetite or hematite,
with which may be added a certain amount
“of reduced iron together with the hydrocar-
‘bons to be converted, and as shown in the
drawings, they may consist of California oils
~(such as CzpHy). - The preheating tempera-

9?’

-100

infinite number of reactions at different tem-

105

ous retorts may be provided with separate .

116
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ture maintained by the heating element 36 or _
the zone between the valve 6 and 6a prefera-

bly has a maximum heat under 1500° F.

150
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This temperature of course may be varied in
accordance with the fractionating of the
hydrocarbons desired, but regardless of the
temperature at which the hydrocarbons are

‘cracked, the feeding of the combined ore and

the hydrocarbons through the preheating
zone will result in the cracking of the hydro-
carbons in the presence of temperature up to
1500°, and in the presence of catalysts such
as iron ore and the iron or other added cata-
lytic agents. The cracking process will re-
sult in the liberating of hydrogen, methane

and other hydrocarbons in accordance with-

the .temperatures maintained. The carbon
residue from the cracking process will pass
or. down through the reducing zone with the

. preheated iron and through the valve 6a to-

20

‘gether with the part of the hydrogen given

off in the cracking process. This carbon will
combine with the preheated iron ore in pass-
ing through the reducing Zone to react with
the iron ore and thereby reduce the same to

. sponge iron. - The carbon being in excess will

25
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~conduits.
- positioned at approximately centrally of the

form CO instead of CO. and will pass out
through the outlet 39. Hydrogen being pres-
ent, in the presence of the carbon will unite
with the carbon to form a fixed gas (CH,)
when-such carbon and hydrocarbon reach a
cooler part of the zone at approximately 500°
F., in the presence of a catalytic agent which
may be the reduced iron or other added cata-
lyst. The iron, together with whatever
gangue there may be, will be passed outward-
ly through the outlet valve 7. In this reduc-
ing of the iron ore and in the formation of
the fixed gas or gases some positive pressure
is preferable, and this positive pressure may
be the result of the reaction and the expand-
ing of the gases themselves in the reducing
zone, or may be established by mechanical
means. '

In Fig. 9 I have illustrated a further mod-
ification of an apparatus for carrying out
my novel combined process of reducing ore
and converting hydrocarbons. This appa-
ratus, or furnace, is

tion that I have provided suitable trans-
verse conduits 40 and 41 which extend
transversely of the furnace or longitudinally
of the heating units 2. These conduits are

enclosed and are preferably provided with

suitable feeding means (not shown) at each
end thereof, whereby suitable oil shale or
other.oil burning rock or material may be in-
troduced and fed through these conduits.
‘The heating elements in the separate heat-

. -ing -units 2 are so arranged as to not only
“. heat the streams of ore by conduction but to.

also heat the material being fed through the
As shown, the conduits 40 are

_heating elements, defining the reduction
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zone, and the conduits 41 are positioned at-

the bottom of such zone. It will be under-

uite similar to the
- structure illustrated in Kig. 1 with the excep-
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stood that any number of conduits of 40 and
41 may be provided at different heights
whereby to introduce the gases resulting
from the heating of the oil shales, or other
hydrocarbons into the ore stream at dif-
ferent points relative to the temperatures

-maintained in the reducing zone. Kach con-

duit 40 or 41'is provided with suitable aper-
tures which are spaced longitudinally of the
conduits 40 whereby to feed the gases emit-
ting from the oil shale into the thin flat
stream at various points transversely of said
stream or streams. The bottom parts of the
heating units 2 may be provided with suit-
able flues 42, similar in construction to flues
shown in Fig. 2, whereby said suitable baf-
fles are provided for baffling the incoming
gases .or air to cool the reduced ore. As

shown, the gases formed from the heating-

of the oil shale and from the catalytic ac-
tion between the ore and gases will be taken
out through the outlet ports 14, but it will
be understood, that suitable outlet ports may
be provided at any height desired whereby
to-remove the gases from the retorts at any
point in the travel of the iron ore. It will
thus be obvious that I have here provided
means for removing the hydrocarbons from
the oil shale, or similar material, utilizing
such liberated hydrocarbons to act as a re-

ducing agent for the iron ore, and to either.

crack the hydrocarbons or pass the same

through the highest temperature zone: to

merely form illuminating gases in the pres-
ence of the iron ore, or other material, as a
catalytic agent. .

In the various apparatuses disclosed for
carrying out my novel process of reducing
ore and converting hydrocarbons, I find
that whenever excess carbon remains it is
carried forward or downward with the
stream of oxides and reducing material to
form CO gas. In this reaction the catalysts
do not become poisoned by the deposit of
carbon or the presence of poisonous gases,
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as the catalytic powers of iron and its ox- .

ides are always in excess of the catalytic

effects required, and by their cleanliness in’

the. reaction. and the reduction, and because

of the continuously moving mass of oxides i

and reducing materials through the retorts, .

excess depostts of carbon or poisonous gases
cannot remain in the catalytic areas. It will
be seen that this process differs materially
from other processes-where catalysts are used
and where iron oxides are used as pérmanent
catalytic agents, being only changed or re-
moved when poisoned with gas or carbon.
It also differs from other processes in that
use is not made of water vapors as a means
of sweeping or cleaning the catalysts.

In carrying out my process of reducing’
metallic’ oxides in forming fixed gases, the
walls of the reduction chamber may be
formed of catalytic materials or catalysts
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" tnay be associated with the oxides to be re-
- duced. In actual practice, however, I pref-

" - iron and its oxides.

-]
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erably utilize the several catalytic powers of

to 1400° F., and that up to such temperature
of 1400° F'. is more active as a catalyst than
hematite. In some cases also I may prefer
to add: certain proportions of reduced iron
to the hematite or magnetite ore being fed

into. the reducing retorts. .
It will be understood that in carrying out

iny process in some instances pressure will
be beneficial in carrying out the action, while.

in other instances positive pressure will have
no beneficial action whatsoever. As I have
enclosed my retorts by ‘means of the air

tight valves at each end it will be obvious-

that I may maintain any desired pressure

within the retorts whereby to carry out the'

particular reaction desired, such pressure re-
sulting from the reactions within the retort
or from mechanical means. ‘ .
Attention is also called to the fact that
when hydrocarbon oils are introduced into
the moving stream of ore that such oils mix
with the particles of ore or catalytic mate-
rial with a turbulent or tortuous motion,
thus increasing the catalytic action by ef-

. fecting greater contact between particles.
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- What'I claim is:
" 1. In the art of reducing metallic oxides

and cracking hydrocarbons without melting -

the charge, the steps of preparing a charge
containing the oxidesto be reduced, adding a
heavy hydrocarbon to the charge, continu-
ously féeding the charge through a fixed tem-
perature zone maintained at a temperature

sufficient to crack the hydrocarbons in the

presence of the materials of the charge remov-
ing the cracked hydrocarbons at a’predeter-
mined point, relative to said zone and com-
pletely reducing the ore without melting dur-
ing the same operation by a reducing agent
present in the charge. o

2. In the art of reducing metallic oxides "

" and cracking hydrocarbons, the steps of pre-

56

i)

paring a charge containing the'oxides to be
reduced, adding a heavy hydrocarbon to the
charge, continuously feeding the charge
through a zone heated to a temperature suf-
ficient to crack the hydrocarbons in the pres-
ence of the materials of the charge, feeding
the ore and a reducing agent liberated in the
cracking of the hydrocarbons through a re-
ducing zone to reduce the charge, and remov-
ing the cracked hydrocarbons during said

reducing action and at a point spaced from
‘said reducing zone. © - - :

3. In the art of reducing metallic oxides

"~ and cracking hydrocarbons in an ‘enclosed

retort, the steps of preparing a charge con-
taining the oxides to be reduced, continuously

5 adding a heavy hydrocarbon to the charge,

1,986,498

' les. I have found that iron.
ore in the form of magnetite, because of its.
magnetic influence, is active as a catalyst up.

through a zone heated to a temperature suf-
ficient to crack the hydrocarbons in the pres-
ence of the continuously fresh materials of
the charge to produce gases and vapors and

“carbon, feeding the charge through a reduc-

ing zonme removing the gases and vapors

-formed, and reducing the ore by the carbon

present in the charge. = v
" 4. In the art of reducing metallic oxides
and cracking hydrocarbons, the steps of pre-

-paring a charge containing the oxides to be-

reduced, continuously adding a heavy hydro-
carbon to the charge; continuously feeding
the charge through a zone heated to a tem-
perature sufficient to crack the hydrocarbons.
in the presence of the materials of the charge:
to produce gases and. vapors and carbon,
feeding the charge through a reducing zone,
removing the gases and vapors formed at a
predetermined point relative to the reducing

_zone, and reducing the ore by the carbon re-

shulting from the cracking of the hydrocar-

ons. . _ . -
5. In the art of reducing metallic oxides,

the steps of preparing a charge containing

‘the oxides to be reduced, continuously feed-

ing-the charge through an enclosed retort,
maintaining a reducing zone at a constant,
predetermined temperature, -adding hydio--

_continuously feeding a fresh Eharge of oxides
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carbons to the charge and simultaneously .

cracking the hydrocarbons and reducing the
metallic oxides by continuously feeding the
mixture so as to subject the hydrocarbons to
a temperature sufficient to crack the same in

the presence of the materials of the charge,

and reducing the metallic oxides by a reduc-
ing agent as the charge passes through the
zone of predetermined temperature.

6. In the art of reducing metallic oxides,
the steps of preparing the charge. containing
the oxides to be reduced, continuously feed-
ing the charge through an enclosed ‘retort
and through a zone maintained at a fixed posi-
tive reducing temperature, adding heavy
hydrocarbons to the charge at a predeter-
mined - point .relative to said fixed zone’

‘whereby to heat the hydrocarbons to a tem-

perature sufficient to crack the hydrocarbons
in the presence of the materials of the charge,
this temperature being sufficient to  form
hydrogen during the cracking process, re-
moving the hydrogen and: hydrocarbons
formed, and ytilizing the carbon residue from

the cracked hydrocarbons as a reducing agent -

for the metallic oxide.
7. The process of fractionating; hydrocar-

‘bons and reducing metallic: oxides, which
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comprises preparing a charge of oxides to be

reduced, maintaining a reducing zone at a -
temperature sufficient to reduce the oxide in
the presence of a reducing agent without
melting, continually passing such charge
through said reducing zone, adding the
hydrocarbons ‘to the continually moving
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charge at a point in advancé of the reducing
zone to effect cracking of the hydrocarbons
in the presence of the materials of the charge
and a temperature less than said reducing
temperature taking off the cracked hydro-
carbons at a predetermined point or points
relative to the reducing zone, and reducing
the oxides by a reducing agent liberated in
the cracking of the hydrocarbons.

8. In the art of reducing metallic oxides
without melting, the steps of préparing a
charge containing the oxides to be reduced,

| " adding a heavy hydrocarbon to the charge,
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continuously feeding the charge through a

crackin}g zone heated toa temperature below .
*}

1500° continuously cracking the hydro-
carbons in the presence of the materials of
the charge in said zone, and completely re-
ducing the ore without melting by passing
‘the charge through a fixed temperature re-
ducing zone in the presence of a reducing
agent liberated in the cracking of the hydro-
carbons. , ‘

9. A process of simultaneously fraction-
ating hydroearbons and reducing metallic
oxides without melting, which comprises en-
closing and continuously. feeding a mass of
iron ore, passing said ore through a reduc-
ing zone maintained at a temperature suffi-
cient to reduce the ore without melting, in-
troducing hydrocarbons to said mass of ore

at a predetermined point relative to the re-

ducing zone, the temperature at said point
being sufficient to fractionate the hydrocar-
bons in the presence of the iron ore and re-

~ ducing the iron ore by a reducing agent lib-
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%rated in the fractionating of the hydrocar-
ons. ‘
10. A process of fractionating hydrocar-
bons, which comprises enclosing and- con-
tinuously feeding a mass of iron ore, passing
said ore through a reducing zone maintained
at a positive fixed temperature sufficient to
reduce the ore without melting, introducing
hydrocarbons to said mass of ore at a prede-
termined point relative to the reducing zone,
the temperature at said point being sufficient
to fractionate the hydrocarbons in the pres-
ence of the iron ore and reducing the iron
ore by a reducing agent liberated in the frac-
tionating of the hydrocarbons. :
11. In the art of reducing metallic oxides,

the steps of preparing a charge containing

the oxides to be reduced, adding a heavy hy-
drocarbon to the charge, continuously feed-
‘ing the charge through an enclosed retort
having a cracking zone of positive fixed tem-
perature sufficient to crack the hydrocarbons
in the presence of the materials of the charge,
removing the cracked hydrocarbons at a fixed
point relative to said zone and completely re-
ducing the ore without melting by continu-
ously passing the charge through an enclosed

'
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reducing zone in the preseénce of a ‘reducing
agent present in the charge. -

12. In the art of reducing metallic oxides,
the steps of preparing a charge containing
the oxides to bé reduced, adding a heavy hy-

70

drocarbon to-the charge; continuously feed- -

ing the charge through a cracking zone of
positive fixed temperatures sufficient to crack
the hydrocarbons in the presence of the ma-
terials of the charge, maintaining a posi-
tive fixed reducing zone, adjacent said crack-
ing zone, at a temperature sufficient to re-
duce the oxides without melting, and. re-
ducing the ore by a reducing agent liberated
in the cracking of the hydrocarbons.

~ 13. In the art of reducing metallic oxides,
the steps of reducing the oxides and form-
ing a fixed gas of high methane content

‘which comprises preparing a charge contain-
ing the oxides to be reduced and a catalyst,

adding heavy hydrocarbon to the charge,

continuously feeding the charge through a

80

zone heated to a temperature sufficient to -

crack hydrocarbons in the presence of the
materials of the charge, and passing released
hydrogen through a vel

atively low tempera-.

00

ture zone in the presence of carbon and the .

catalyst and the charge to form a fixed gas
of high methane content.

~ .

14. In the art of-fractionatiﬁg.;_hydfocar- o;

bons in reducing iron ore, the steps of form-
ing a fixed gas of high methane and hydro-
gen content, which comprises preparing a
charge containing the oxides to be reduced,
adding a heavy hydrocarbon to the.charge,
continuously feeding the charge through a
zone heated to a temperature sufficient to
crack the hydrocarbons in the presence of
the materials of the charge whereby to form
hydrogen and carbon, passing said hydrogen
and carbon through a zone of relatively low
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temperature in the presence of a catalyst to -

form said fixed gas. : \
15. In the art of fractionating hydrocar-

bons in reducing iron ore, the steps of form-

ing a fixed gas of high methane and hydro-
gen content, which comprises preparing a
charge containing the oxides to be reduced,
adding a heavy hydrocarbon to the charge,
continuoiusly feeding the charge through a
zone heated to a temperature sufficient to
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crack the hydrocarbons in the presence of -

the materials of the charge whereby to form
hydrogen and carbon, feeding the charge
through a reducing zone, passing said hy-
drogen and carbon through a zone of rela-
tively low temperature in the presence of
a catalyst to form said fixed gas and main-
taining an excess of carbon in the reducing
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zone whereby the carbon will unite with the

oxygen of the ore to form a CO gas.
16. The steps of fractionating hydrocar-

bons in the process of reducing metallic ox-

ides, which comprises preparing a charge
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containing the oxides to be reduced, adding
a heavy hydrocarbon to the charge, continu-
ously feeding the charge through a zome

“heated to a relatively low temperature suffi-

cient to crack the hydrocarbons in the pres-
ence of the materials of the charge, said
charge being maintained under pressure, and
reducing the ore by a reducing agent lib-
erated 1n the cracking of the hydrocarbons. .
17.'In the art of reducing metallic oxides
and fractionating hydrocarbons, the steps of
preparing a charge containing the oxides to
be reduced, maintaining a reducing zone at
a temperature sufficient to reduce the metallic
oxides without melting, maintaining a lower
heating zone below approximately 1500° F.,
and introducing hydrocarbons to said zone
of lower temperature whereby the hydrocar-
bons will be cracked in the presence of the
materials of the charge to form H and C,
and then utilizing said H and C liberated in
the cracking process to reduce the metallic
oxides as they are continuously - passed
through the reducing zone. _
18. In the art of reducing metallic oxides
in fractionating hydrocarbons, the steps of
reparing a charge containing the oxides to
e reduced, maintaining a reducing zone at
& temperature just sufficient to reduce the
oxides with carbon, maintaining another
zone at a lower temperature sufficient to
crack the.hydrocarbons in the presence of
the materials of the charge, continuously
feeding the charge through said reducing-
zone, adding hydrocarbons to the charge at’

. the zone of lower temperature: whereby to
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crack the same and removing the hydrocar-
bon derivatives from the retort at a point
which is at a temperature lower than the -
temperature of the reducing zone. :
19. The process of fractionating hydrocar-
bons in the reduction of metallic oxides,
which comprises preparing a charge contain-
ing the oxides to be reduced, maintaining a
reducing zone sufficient to reduce the oxides
without. melting, maintaining a lower tem-
perature zone below a}l)]proxima.tely 1500° F.,
continuously feeding the charge through said
zones, adding' heavy hydrocarbons to the
charge at a point adjacent said zone of lower
temperature whereby to crack the hydrocar-
bons in the presence of the materials of the
charge to form major fractions, removing the

" major fractions at a point.or points relative

to the reducing zone and reducing the ore by
a reducing agent liberated in the cracking of
the hydrocarbons. o

20; In the art of reducing metallic oxides,
the steps of fractionating hydrocarbons to

 form minor fractions which comprise pre-

paring a charge of the oxides to be reduced,

- maintaining an enclosed fixed temperature

65

reducing zone sufficient to reduce the oxides
to metals without melting, continuously feed-
ing the charge through said reducing zone

9

and -adding heavy hydrocarbons to the con-
tinuously moving charge whereby the hydro-

carbons will pass through said reducing zone,
cracking the hydrocarbons in the presence

of the materials of the charge to form minor
fractions and removing the cracked hydro-
carbons at a point or points spaced from the
reducing Zone,

21. In the art of reducing metallic oxides,
the steps of fractionating hydrocarbons to
form minor fractions which comprise pre-
paring a charge of the oxides to be reduced,
maintaining a reducing zone sufficient to re-
duce the oxides without melting, cohtinu-
ously feeding the charge through said reduc-
ing zone and adding hydrocarbons to the con-
tinuously moving c%a,rge whereby the hydro-
carbons will pass through a temperature zone
above 1500° F. to crack the hydrocarbons in
the presence of the materials of the charge to

form minor fractions and passing the minor *

fraction hydrocarbons such. as C and H,
through a temperatire zone of approximate-
ly 500° F. in the presence of a catalyst-and
through a maintained pressure to effect the
bonding of the carbon and hydrogen present
to form CH, as a fixed gas. :

In testimony whereof 1 aflix my signature.

: © WILLIAM H. SMITH.
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