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1

The present invention relates to the conver-
sion ‘of carbonaceous materials containing hy-
drogen, such as crude oil, natural gas, undesired
residual hydrocarbon fractions and the like, as

thereof.

tions,

2

Advantageously, the final hydrocarbon syn-
thesis step is carried out in the presence of a
substantial recycle of carbon dioxide such that
there is substantially no net production of car-

well ‘as coals and other solig carbon-containing 5§ bom. Manifestly, this carbon dioxide, together
materials’ which include substantial proportions with by-product water vapor formed during the
of hydrogen into synthetic fractions of hydro- synthesis of hydrocarbons, as well as that sup-
carbons, oxygenated hydrocarbons and mixtures plementally added, constitutes a highly oxidiz-
‘ ing atmosphere in the synthesis zone. There-
Broadly, the invention contemplates first con- 10 fore, the catalyst particles are subjected to sub-
verting the carbonaceous feed material into a stantial reoxidation. Moreover, the undesired
synthesis .gas by reaction at elevated tempera- by-product water vapor is consumed with the
tures with a readily reducible oxide of a hydro- liberation of additional free hydrogen in the re-
carbon synthesis catalyst containing a catalytic action zonme. Accordingly, as intimated above,
metal such as iron, cobalt, nickel or ruthenium 15 the production of the undesired gases is sup-
capable of forming readily reducible oxides. The pressed and the yield of desired fractions is im-

resulting -synthesis gas and the reduced metal proved.
oxide particles are subsequently contacted at a In accordance with the present invention, it
somewhat lower temperature in the hydrocarbon has been found that these significant advan-
synthesis range at which the particles become 20 tages are also inherent in broadly effecting the
catalytically effective to convert the hydrogen’ generation of synthesis gas by high temperature
and carbon oxide into desired product fractions. oxidation of the carbonaceous feed with the
The catalyst particles are reconverted to a highly readily reducible oxide of a hydrocarbon syn-
oxidic form providing a continuous oxygen thesis catalyst, and thereafter employing the re-
source for gasification of carbonaceous feed ma- 25 dqueed catalyst particles at synthesis tempera-
terial, and largely or completely obviating the = ture to effect the reconversion of the synthesis
requirement for rectified molecular oxygen other- gas into the desired product fractions. In other
wise encountered in the production of pure syn- words, important benefits of improved liquid
thesis gas. Moreover, the hydrocarbon synthesis yield and economical generation of synthesis gas
step operates with materially reduced production 30 are present, irrespective of whether the gener-
of undesired by-product gases such as methane, ated gas is cooled to synthesis temperature in
carbon dioxide and water vapor, thereby enabling the presence of the reduced catalyst particles, or
increased yield of desired liquid product frac- separately reduced in temperature and thereafter
converted into hydrocarbons in the presence of

The present invention is a continuation-in- 35 the reduced particles.

part of my copending application Serial No. Broadly, -therefore, in accordance with the
758,360, filed July 1, 1947 (D#:59,968), now aban- present invention, catalyst particles are with-
doned, to which reference is hereby made for the drawn from the hydrocarbon synthesis reaction
details of the process therein disclosed. That = zone containing the oxide of the catalyst metal,
application in general discloses utilization of an 40 subjected to supplemental oxidation if necessary,
oxidized hydrocarbon synthesis catalyst com- or possible, and subjected to an elevated tem-
prising a metal of the iron group, or ruthenium, perature in the range of 1000-2000° F. or higher
as an oxygen-carrier in the generation of syn- in the presence of the hydrocarbonaceous feed.
thesis gas -at an elevated temperature as above. Contact is maintained until substantial conver-
The synthesis gas product, advantageously con- 4p Sion of the reactants takes place into synthesis
taining . the. reduced metal oxide, is cooled, dur- gas, composed essentially of hydrogen and car-
ing which step the synthesis gas forming reac- bon monoxide, and the relatively reduced metal
tion at least partially tends to reverse with the oxide. The reduced solid particles and the prod-
liberation of exothermic heat energy which is uct synthesis gas are withdrawn either in admix-
advantageous in thermally supporting the endo- 50 ture or’ separately, cooled to the hydrocarbon

‘thermic gas generation step. Thereafter, with

the introduction of a supplemental addition of
carbon dioxide and/or water vapor, the synthesis
of hydrocarbons is completed at conventional
hydrocarbon synthesis temperatures.

synthesis range and subjected to contact in the
synthesis reaction zone for the formation of the
final hydrocarbon products.

Therefore, it is contemplated broadly contact-

g5 ing the metal oxide and the feed gases either
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concurrently or countercurrently in the synthesis
gas generation zone, as well as operating the
synthesis reaction zone under varying oxidizing
influences. For example, in lieu of effecting
substantially complete oxidation of the catalyst
in the reaction zone, relatively mild conditions of
oxidation may prevail therein, provision being
made for subjecting the partially oxidized cata-
lyst to complete or a more complete oxidation,
as by steaming or the like upon withdrawa] from
this zone and prior to introduction into contact
with the incoming hydrocarbon feed.

Advantageously, however, as above intimated,
the synthesis reaction is carried out in an at-
mosphere of substantial oxidizing activity, par-
ticularly in the presence of carbon dioxide and
water vapor, such that substantial reoxidation
of the catalyst particles occurs.

In accordance with one preferred embodiment
of the invention, the proportion of carbon dioxide
is maintained at such g level that net production
thereof is substantially inhibited, except where
there is a deficiency in available hydrogen in the
feed when compared to the hydrogen-to-carbon
ratio required in the product. As a result, the
catalyst particles are largely or substantially en-
tirely converted to the oxide. For example, with
a normally gaseous or liquid hydrocarbon fead
using a typical iron hydrocarbon synthesis cata-
lyst, and a sufficient carbon dioxide partial pres-
sure in the reactor to suppress net formation
thereof, the iron is converted in the reactor to
essentially FesOs4. Under hydrocarhon synthesis
conditions which are less activaly oxidizing, the
catalyst may be only partially reoxidized during
synthesis as a result of which the particles, as
above intimated, are advantageously subjected to
supplemental oxidation, after withdrawal from
the synthesis zone.

In the gas generation zone, temperatures are
maintained preferably above 1500° F. Therein, a
vaporized fraction of crude oil, for example, re-
duces the iron oxide, yielding hydrogen and car-
bon monoxide.

In accordance with one preferred embodiment
referred to above, the reaction products, namely,
the product stream of synthesis gas containing
reduced catalyst particles, preferably entrained
therein, are subjected to temperature reduction
to effect at least partial reversa] of the reaction.
Such cooling is apparently accompanied by some

- hydrocarbon production, carbiding of the cata-
lyst particles and formation of carbon dioxide.

It is important to note that the reactions oc-
curring on cooling are substantially exothermic
and appear to proceed progressively throughout
the range between the gas generation tempera-
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ture and a final cooling temperature in the range

about 350-800° F.

It is particularly important to note that the
exothermic reactions occurring. during cooling
afford, from the standpoint of econcmical opera-
tion, an important source of thermal energy for
supporting the high temperature endothermic re-
action between the carbonaceous feed material
and the metal oxide supplied to the regeneration
zone.

Therefore, provision is advantageously made for
counter-currently heat-exchanging the incoming,
relatively cool mixture of feed stock and oxide in
countercurrent relationship to the high tempera-
ture gas generator product, operating to cool the
generator gases and at the same time raise the
- feed mixture to the elevated reaction tempera-
ture of the gas generation step.
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Any additional thermal requirements for re-
action of the carbonaceous feed and the oxidic
catalyst may be made up by supplying thermal
energy from any outside source; as for example,
by combustion of a fuel, which may be a limited
portion of the carbonaceous feed material, with
the stream of free oxygen. This may he carried
out internally within the reaction zone or in in-
direct heat exchange relation with the reaction
mixture. For example, heat may be suppiied to
the gas generation zone by the introduction of
suitably preheated, solid, heat-carrying bodies in
the form of sand or pellets. In any event, the re~
quirement for molecular oxygen over and above
the thermal energy supplied by reaction reversai
during cooling approaches the minimum neces-
sary to thermodynamically support the process.

In the final synthesis zone, she catalyst, as in-
dicated above, is subjected to oxidation and the
hydrogen and carbon monoxide reacted catalyti-
cally to form the desired hydrocarbon fractions
and water vapor. With the usual hydrocarbon
feeds in the presence of adequate carbon dioxide
in the synthesis zone, in accordance with the
preferred embodiment, there is substantially no
net carbon dioxide production and presumably,
equilibrium is approached in accordance with the
water gas shift reaction:

CO2+4He=2H20+CO

50 that there is a maximum availability of hydro-
gen and carbon monoxide for the production cf
desired hydrocarbons. Therefore, under tha con-
ditions prevailing under synthesis, water vapor
present and being formed supplies a portion of
the requirement for the oxidation of the catalyst
particles and liberates, by its decomposition, a
substantial quantity of free hydrogen. There-
fore, the conditions manifestly favor the presence
of maximum hydrogen and carbon monoxide and
minimum water vapor, all of which factors tend
to direct the water-gas shift reaction to the right,
as above represented, meanwhile favoring forma-
tion of iron oxide and the maximum conversion
of hydrogen and carbon monoxide into desired
hydrocarkons.

It is important to note that when operating
with the maximum production of desired liquid
product fractions, the suppressicn of by-product
water vapor and carbon dioxide production tends
to result in a corresponding suppression of light
hydrocarbon gas formation. Therefore, the proc-
ess is of particular advantage in the production
of hydrocarbon fractions containing more than
two carbon atoms, particularly the selective for-
mation of hydrocarbons essentially in the liquid
boiling range.

As above indicated, it is advantageous to avoid
a large excess of hydrocarbon feed stock over the
stoichiometrical combining. proportion corre-
sponding to the reducible oxide supplied to the
generation zone. Therefore, the metal oxide, as
for example, Fe3Os, is preferably supplied in an
excess amounting from about 1.0 to ahout 1.50,
and at-best, not more than 1.25 times the theo-
retical combining proportion in which the oxide
is reduced to metallic iron with the oxidation of
all of the hydrocarbon to hydrogen and carbon
monoxide. )

Supplemental addition of water vapor to the
feed of the final synthesis step in accordance
with the proposed embodiment of the invention
is advantageously carried out in the range of 0.2
to 1.4 mo! of water vapor per gram-atom of car-
bon present in the feed, optimum addition usu-
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ally occurring in the lower portion of this range,
substantially below the maximum. Actuslly, the
pressure addition of H20 required for maximum
yield of desired product fraction varies with re-
action conditions being dependent upon such
variable factors as the degree to which the cata-
lyst is carbided before water vapor addition, the
prior extent of water formation as the result of
intermediate reaction of hydrogen, carbon mon-
oxide and the like, the specific catalyst em-
ployed, and many others. Therefore, in prac-
tice it will always be determined by adjusting the
rate of introduction of water vapor until hydro-
- -carbon yields are in the optimum range.

As is further intimated above, the optimum
introduction of carbon dioxide to the synthesis
zone is'also dependent on complex variables so
that, it, likewise is in practice determined by
trial and error adjustment until there is sub-
stantially no net production of carbon dioxide,
or preferably not more than 5% on: the basis of
the carbon supplied to the system with liquid
or gaseous hydrocarbon food stocks.

The temperature of the synthesis reaction
zone is that conventionally characteristic of the
catalyst employed. For example, in the broad
range of about 350-700° F., and in the case of
iron catalysts, within the range of 500-700° F.
and preferably from about 550 to 650° F., where
‘normally liquid hydrocarbons are desired.

Reaction pressures may vary from atmos-
pheric upwardly, and in the case of iron cata-
lysts,. pressures from 100 to 600 p. s. i. g. and
above. are preferred. However, pressure may
vary with the catalyst employed, in the. case of a
‘cobalt catalyst, advantageously being main-
tained about atmospheric and not more than
about 100 p. s. i. g. Iron catalysts are, however,
“most advantageous for the present purposes and
“are-herein. referred to for purposes of specific
iHustration. )
© Advantageously, the catalyst is handled in
finely divided form, affording a high degree of
contact surface. Therefore, it is preferred to
circulate the catalyst in the form of a fine pow-
der, preferably approaching smoke, from the
standpoint of particle size. In this form it is
-readily entrained in the stream of reactants in
which case special provision is made for me-
-chanical separation of the solid particles from
the final products of reaction. Actually, it has
been found that in the case of an iron catalyst
this is readily effected by masgnetic separating
means since in its oxidic form, the catalyst is
largely FesOu. t

In  order to facilitate more specific under-
standing of the invention, reference is had to
the accompanying drawings, wherein Figures 1
and 2 disclose more or less diagrammatically,
set forth preferred embodiments thereof. .

. In Figure 1, the numeral 10 designates a feed
inlet conduit - supplying liquid hydrocarbon
stream from any suitable source not shown. The

- stream -which, for purposes of illustration, may
‘be a crude oil containing carbon and hydrogen
in the approximate atomic ratio of 1:2, is fed

-.directly into a erude oil vaporizer {1, where the

_temperature is raised to, for example, 600° F,
and the vaporized product discharged via pipe

. 12 into. flash drum 13.' The overhead vaporized

~fraction from flash drum (3 passes through pipe

- .14 where it is injected with finely divided Fe;O4

- from communicating standpipe {5 supplied from

: synthesis reactor 16, as will hereinafter be de-

r.scribed in further.detail. .. . . B
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The fluidized stream, with the entrained cata~
lyst, passes directly into the lower portion of
countercurrent heat exchanger 18, where it is
raised in temperature to 1800° F. At this tem-
perature, the stream passes by way of pipe 20
into the lower portion of a generator 21, where
a brief residence time permits the reaction to
come to equilibrium.

Additional thermal requirements of the gen-
erator 21 "are supplied by combustion of the
stream of unvaporized feed stock pumped from
the bottom of flash drum {3 to burner 22 by way

‘of branch pipe 23, and burned with a stream of

pure oxygen or air introduced from any suitable
source, not shown, through inlet pipe 24. As
indicated, the products of combustion, advan-
tageously predominantly hydrogen and carbon
monoxide, pass directly through pipe 25 into the
generator inlet pipe 20. .
The generator effluent withdrawn from outlet
pipe 26 comprises essentially hydrogen, carbon
monoxide and reduced catalyst at an elevated
temperature of, for example, 1900° F. This is
conducted, as indicated, through the heat ex-

<changer 18 in countercurrent, indirect relation-

ship to the aforementioned stream of reactants,
during which time its temperature is reduced
progressively to the range of about 650° F., while
the exothermic reaction going on in the stream,
furnishes thermal energy for the oxidation of
the feed stock stream.

At the reduced temperature, the efluent stream

.of reduced catalyst is conducted by pipe 28 to

the lower portion of the aforementioned syn-
thesis reactor 16. .

It is.pertinent to point out that the heat ex-
changer 18 may comprise any suitable, indirect,
countercurrent instrumentality capable of trans-
ferring heat from the generator product to the
incoming feed stream. In its broadest sense, it
includes regenerators or any other desired form
of heat transfer instrumentality.

= Where the entrained catalyst in the respective

streams forms a good, dense fluid phase, heat
transfer is surprisingly promoted. On the other
hand, where the catalyst closely approaches or
exists in the condition of an impalpable smoke,
1t has been found that thermal efficiency of the
exchanger may be promoted by including inert,
solid particles which may be fluidized or not and
which may remain in the heat exchanger passages
at the linear fluid flow velocities employed.,

The residual stream of gas entering the re-
actor 18 through pipe 28 is injected with a stream
of water vapor which may assist in performing
the function of converting the reduced iron
particles into iron oxide, with the -incidental
formation of sufficient additional hydrogen to
provide -the proper combining proportion neces-
sary for reduction of the carbon oxides to hydro-
carbons. - Of primary importance, ‘however, is

- the fact that with the conversion of the catalyst

to the oxide, the consumption of the earbon .di-

- oxide and hydrogen in the final step of hydro-
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carbon. synthesis is initiated, and goes rapidly
to completion. - .

The water. vapor may be injected from. any
suitable source by way of inlet pipe 36, or may
be derived from the reaction product condensate
through pipe 31, as will hereinafter be more fully
apparent. Optimum addition, as indicated above,
is that at which the catalyst is converted -sub-
stantially to Fe3Os in the reactor 6.

The temperature at which the water vapor is
added may be controlled to adjust the total re-
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actor feed to the desired total feed inlet tem-
perature.

Proper temperature within the synthesis re-
actor 16 is maintained by means of heat ex-
changer 33 or by any other suitable temperature
control means.  The reaction products, passing
upwardly, move into magnetic separation section
34 wherein the solid particles are separated and
delivered downwardly into the standpipe 15
ahovementioned. The efluent product gases, free
of solids, are withdrawn through outlet pipe 36,
passed through condenser 31 and. directed into
separator 38, where the normally liquid products
are separated into an oily layer, delivered through
pipe 39, and an agueous layer, delivered through
pipe 40. :

Pipe 48 may supply the water required for con-
verting catalyst to FesO: as above mentioned,
and to this end, boiler 42 is provided in line 49,
the efluent vapors passing directly into recycle
line 41 as shown. ,Excess water may be with-
drawn through valve pipe 43 as required. Effluent
normally gaseous products, usually largely car-
bon dioxide, and any small amount of unreacted
hydrogen and carbon monoxide, pass overhead
from the separator 38 by way of conduit 45, and
may be vented as required. The larger portion,
however, is usually passed by way of branch pipe
46 to a gas plant 47, which in the present in-
stance functions to separate and deliver a rela-
tively pure stream of carbon dioxide through
pipe 48. Residual gases are recovered by way of
pipe 50. The details of the gas plant, per se,
form no part of the present invention and may
take any convenient form, for example, the con-
ventional Girbotol absorption process, using tri-
ethanolamine or the like as an absorbent for the
carbon dioxide. :

As indicated, pipe 48 joins with pipe 30, where-
by the carbon dioxide stream is supplied in con-
trolled relative quantities as recycle to the syn-
thesis reactor (5. .

The product stream of conduit 39 passes to
‘any suitable recovery system, such, for example,
as the fractionization and stabilization system
represented diagrammatically by the reference
number 52, from which final liquid boiling prod-
uct is recovered at 53. The overhead withdrawn
through pipe 54 is returned as indicated to pipe
18, whereby desired light, gaseous hydrocarbons
are recycled to the system to provide an addi-
tional source of hydrocarbonaceous feed material.
Similarly, any desired portion of the normally
gaseous products otherwise discarded throush

line 50 may be directed into recycle line 54 ;

-through branch pipe 56.

It is pertinent to point out that in some cases,
as for example, where the production of unde-
sired gases is reduced to a minimum in the syn-
thesis reactor, the gas separation plant 47 may
be omitted and any désired portion of the nor-
mally gaseous stream from the separator 38 re-
cycled directly to the reactor. Though not
shown in Figure 1, it is important that provi-~
sion be made in some cases, €. g., when processing
coal, for recycling some of the total gas from
separator from line 45 by its introduction into
line 48.

The hydroecarbon product of the present proc-

ess usually approximates roughly an atomic .

ratio of combined carbon and hydrogen in the
range of about 1:2 or somewhat lower. It fol-
lows, therefore, that with a liquid hydrocarbon
feed stock, containing approximately the same
ratio of carbon and hydrogen, the present proc-
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8

ess has the important. advantage of operating
in approximate balance with relation to the total
utilization of raw material, ‘

With feed stocks relatively high in hydrogen,
such for example, as natural gas, release of ex-
cess hydrogen from the system is required. Con-
versely, where feed stock is deficient in hydro-
gen, as in the case of many coals of relatively
low “available” hydrogen content, there is a cor-
responding excess of carbon which is conven-
iently separable in the form of carbon dioxide.
Recovery of the. excess hydrogen in the system
may be conveniently effected in the foregoing
embodiment. by means of valved branch pipe 60,
which receives any desired portion of the gener-
ator effuent from line 26 for passage through
water-gas shift converter 6/ in admixture with
a suitable proportion of water vapor introduced
from any outside source by way of inlet pipe 62.
in the shift converter, the mixture of hydrogen,
carbon monoxide and water vapor is converted
in known ways, preferably through contact with
a dense phase fluid bed of iron oxide catalyst,
into essentially hydrogen and carben dioxide.
This product passes, by way of line 64, to a gas
plant 65, effective to deliver hydrogen through
outlet pipe §6. 'The rasidual carbon dicxide flows
into s$ynthesis reactor inlet pipe 28 through
branch pipe §1. A suitable separator, such as
magnetic separator 68, disposed in line 64, sep-
arates and delivers solid catalyst into line 67
through standpipe 10. e

In continuous operation, therefore, the . feed
stock is mixed with the fine iron oxide and raised
in exchanger i8 to a temperature at which it is

xidized with the formation of hydrogen and
carbon monoxide. Additional thermal energy is
supplied as required and after the product comes
to equilibrium, the eflluent mixture, including
the reduced catalyst, is returned to exchanger
(8 to heat the incoming reactants, causing a fe-
action reversal and being discharged at a lower
temperature. . .

Addition of water vapor at the lower elevated

= temperature effects formation of additional hy-

drogen and initiates the completion of the cata-
Ivtic synthesis reaction between gaseous carbon
oxide and hydrogen in the reactor 16. Mean-
while, recycle of carbon dioxide is so controlled
as to restrict the net production of carbon di-
oxide to a low or negligible level consistent with
maximum utilization of raw materials, and as-
sure delivery of separated effluent catalyst sub-
stantially in the form of FesOas.”

In accordance with one example of the present
invention, finely divided, recycled . catalyst is
mixed with & stream of vaporized hydrocarbon
oil at a temperature of about 600° F. and in:the
proportion of about 34.8 1bs. of reeycled catalyst
per liguid gallon of oil..- The reeéycled catalyst
inn this example is ¢omposed of finely divided,
used catalyst from a synthesis operation in such
5 condition of subdivision that it remains fully
entrained without slippage or apparent settling
in the moving stream of oil vapor. The sus-
pension of recycled catalyst in- vapor is heated
from about 660° F. up to about 1900° F. and then
passed through a chambér maintained at- about
1900° F. by extéinal or internal heating, with'the
required residence time usually less than ten sec-
onds. The efffuent produet, including entrained
solid particles, is passed through ah indirect cool-

-er which brings it to a temperature of about 650°

. At this temperature, the resulting water vapor
is injected at a rate less than 1.0 miols per atom
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of carbon in the feed stock, and the mixture to-
gether Wwith . nermally gaseous product recycle,

‘as indicated below, is fed into the lower portion
of.a synthesis reactor opelatmg at about 825° F

Residence time of the gaseous reactants in the

synthesis reactor is about ten seconds or less.
The solid catalyst is removed from the stream
of reaction products leaving the reactor by a

_macrnetxc separator and returned continuously
o the incoming stream of vaporized oil as above
mentioned. .’

The gasiform nroducts of reactlon are con-

{densed at 70° F..and separated into a water layer,
.an oil layer and an overhead of normally gaseous
products.
, .'The overhead normally gaseous products from
the separator are recycled to the inlet of the
synthesis reactor at a recycle rate of about 5:1 on
the basis of the entering feed gases from the
generator. Under these conditions, the product
oil layer comprises a major portion of hydrocar-
bons boiling in the motor gasoline range and
corresponding to about 60 per cent of the feed
stock -supplied,
dioxide amounts to less than about 5 per cent on
the basis of the carbon fed to the system, when
the atomic ratio of earbon to hydrogen in the
fresh feed is approximately 1:2.

The alternative embodiment disclosed in Fig-
ure 2 of the drawing contemplates, primarily, a
system wherein the gas formation zone, and also
_the synthesis zone where desired, ate supplied
_with a catalyst of high settling rate relative to
-the upflow of gases such that the solids gravitate
downwardly in countercurrent relationship to the

‘upflowing gasecus reactants and are thereafter

“transferréd separately’ between the reaction
.zones, . To this end, the carbonaceous feed stock,
“as for example, a “hydrocarbon fractlon from any
.suitable source not.shown, flows through pipe 15
~and exchanger 16 into the lower part of an up-
Sstanding gas generator 17.

In the preheater, the hydrocarbon vapors are

raised to 1000° F'. or above, and preferably, a tem-
perature above 1500° F. at which the feed is com-
pletely vaporized. .
. -Flowing upwardly through gas generation
chamber. 71, the vapors are. continuously con-
tacted by downwardly gravitating particles of
“oxidic catalyst introduced through dotted line 18,
which represents more or less symbolically any
suitable conveyor system, either pneumatic or me-
chanical. The particles in generator 77 may take
the -form of .a downwardly moving, dense fliid
phase, or simply a mass of showering particles, in
which' provision, not shown, is advantageously
‘made for distributing the particles uniformly over
the cross-section of the vessel. The effluent gases
‘withdrawn from the upper extremity of the ves-
sel TT through pipe 19, and comprising essentially
hydrogen and carbon monoxide with only minor,
"enfrained portions ‘of ecatalyst particles, pass
“through exchanger 80, where they are cooled to
synthesis temperature and are thereafter intro-
“duced ‘into the bottom of synthesis reactor 8l
‘through distributing means 82.

The reduced catalyst particles are withdrawn
from the bottom of the generator 71 by suitable
transport line 84, cooled in exchanger 83, and
passed into' the upper portion of the synthesis
reactor 81. Here they likewise gravitate down-

.wardly in contact with the upflowing reactants,
_preferably in the form of a dense fluid phase mass
which. ¢onverts the upflowing reactant stream
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10
into the desired hydrocarbon and/or oxygenated
hydrocarbon fractions. :

The effluent stream flows through filter 85 mto
pipe 86, which conveys it through exchanger 87
into a decanter 88, in which separation takes
place between the normally gaseous, oily and
aqueous fractions.

The particles of catalyst, preferably in a con-
dition of substantial reoxidation, accumulate in
the base of reactor 81 and are withdrawn through
standpipe- 89 and directed into aforementioned
conveying line 718, preferably through a heat ex-
changer 90.

Advantageously, however, supplemental or
complete oxidation of the withdrawn catalyst is
first effected by passing the particles into an oxi-
dation zone 91, wherein they are subjected to
contact with an oxidizing agent such as high tem-
perature steam, oxygen or the like, introduced
through a pipe 92. The gaseous products of reac-
tion, if any, are removed through outlet pipe 93,
where, as is preferred; the oxidizing agent com-
prises high temperature steam; the efiuent gas
consists largely or substantially entirely of free
hydrogen which accordingly is passed as indicated
into line 86. As a result, any excess water vapor
is discharged in pipe 94, while the hydrogen may
be returned to the system to form additional de-
sired product. For example, normally gaseous
fraction passes overhead as at 96, any desired
portion returning by means of recycle line 97 into
the inlet pipe 15. Alternatively, all or any por-
tion of the recycle stream in pipe 97 may be di-
rected into pipe 79 supplying the synthesis zone.
In either case, substantial proportions of earbon
dioxide are thus returned to the synthesis zone.

As previously indicated, separation may be
made between the product gas and carbon dioxide
in line 96 with selective return of hydrogen and
CO: to the synthesis zone.

The oily product layer is removed from sepa,1 a-
tor 88 through line 95.

In general, therefore, the embodiment of Fig-
ure 2 functions continuously to effect countercur-
rent contact of oxidic catalyst with the upflowing

‘feed vapors in the generator to yield a product

gas comprising essentially hydrogen and carbon

"monoxide, and a separate stream of relatively re-

duced catalyst particles, both of which are cooled
to the synthesis temperature range and continu-
ously subjected to interaction for the production

of desired product fractions.

In the interest of diagrammatic simplicity, it is
to be understood that conventional reaction zone

-heating furnaces, exchanger, pumps and other

transportation instrumentalities, valves, controls,

“ete. have been omitted. However, it is to be un-

derstood that the heat exchangers may be inter-

‘related in accordance with good engineering prac-

tice as indicated in Figure 1, for maximum ther-
mal energy conservation. For example, the ex-

‘changer 76, 90, or both, may derive therma] en-

ergy from the cooling exchangers 80 or 83.

" As above indicated, the term carbonaceous feed
stock containing hydrogen contemplates liquid,
gaseous or. even solid hydrocarbon fractions and
includes, for example, coals which as is known

‘include substantial proportions of hydrogen. In

the case of solid hydrocarbonaceous materials,
the gasification reaction with the metal oxide may
be- effected by either supplying the coal in the
form of a fine, preferably impalpable powder, as

_a fluid product of coal liquefaction effected in any

conventional manner. Where fine powdered feed
is employed, a portion of the gases from line 45
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of Figure 1 may be returned advantageously
through lines 54 and/or 56 of Figure 1, for ex-
ample, to fluidize and gasify the coal during such
operation. When feeding low available hydrogen
content feeds, such. as coal, or heavy fuels, it is
advantageous to add to such fesd stocks natural
gas or other feed as may he required to bring the
atomic carbon-to-hydrogen ratio of the combined
feed to substantially that of the desired product,
namely, 1:2.

From the foregoing, it is apparent that the
present invention substantially obviates the re-
quirement for pure molecular oxygen in the syn-

thesis of hydroecarbons, and results in improved

product yields without the substantial undesired
transformation of feed carbon into undesired by-
product carbon dioxide as heretofore encountered.

Obviously, many medifications and variations
of the invention as above set forth may be made
without departing from the spirit and scope there-
of, and only such limitations should be imposed
as are indicated in the appended claimis.

I claim:

1. In the synthesis of desired fractions of hy-
drocarbons, oxygenated hydrocarbons and mix-
tures thereof, wherein synthesis ga$ comprising
hydrogen and carbon monoxide is prepared by the
partial oxidation of a hydrogen-containing car-
bonaceous feed material and thereafter subjected
to catalytic conversion into said desired product
fractions, the improvement which comprises gen-
erating said synthesis gas by contacting said caxr-
bonaceous feed material with a readily reducible
oxide of a metal which is catalytically active for

the synthesis of hydrocarbons from hydrogen and 3

ecarbon monoxide, at an elevated temperature
such that said metal oxide catalyst is reduced
and the carbonaceous feed material is thereby
partially oxidized to form synthesis gas composed
essentially of hydrogen and carbon monoxide,
thereafter contacting said synthesis gas with said
reduced synthesis catalyst in & synthesis zone
at a temperature in the range at which the cata-
1yst is active to produce said desired product frac-
tions thereby oxidizing the reduced catalyst, and
employing the oxidized catalyst from the syn-
thesis zone to effect said oxidation of said car-
bonaceous feed material.

2. The method according to claim 1, wherein
contact between said metal oxide catalyst and.car-
bonaceous feed material is effected with the re-
- actants moving in substantially the same direc-
tion of flow. . :

3. The method according to claim 1, wherein
the conversion of said synthesis gas info said
desired product fractions is effected in the. pres-
ence of an oxidizing agent of the class consisting
of H20 and. CO: effective to cause substantial re-
oxidation of said catalyst.

4, In the synthesis of desired fractions of hy-
drocarbons, oxygenated hydrocarbons and mix-
tures thereof, wherein synthesis gas comprising
hydrogen and carbon monoxide is generated by
the partial oxidation of hydrogen-containing car-
bonaceous feed material, and thereafter con-
verted into said desired product fractions by con-
tact with a hydrocarbon synthesis catalyst at an
elevated synthesis temperature in a synthesis

“zone, the improvement which comprises continu-

ously effecting conversion of said synthesis gas 7

_into desired product fractions with hydrocarbon
synthesis catalyst comprising iron, thereby effect-
ing substantial oxidation of said catalyst, con-
tinuously reacting said oxidized catalyst with said

"carbonaceous feed material containing hydrogen,
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12 , :
in g gas generation zone, at an elévated tempéra-
ture at which the oxidized catalyst is reduced and
the carbonaceous material partially oxidized, with
the generation of substantial quantities of syn-
thesis gas, and continuously returning said re-
duced oxidic catalyst to contact with said syn-
thesis gas in the synthesis zone for the produc-
tion of said desired product fractions. .

5. The method of converting carbonaceous
feed materials containing hydrogen into desired
hydrocarbon fractions which comprises reacting
said carbonaceous feed material with a readily
reducible oxide of a metal which is catalytically
active for the synthesis of hydrocarbons from
carhon monoxide and hydrogen under conditions
including an elevated temperature at which the
carbonaceous feed material is-oxidized to hydro-
gen and carbon monoxide, reducing the tempera-
ture of the resulting mixture of product gases
comprising Hz, CO and reduced oxide by in-
direct heat exchange with said carbonaceous
feed material being supplied for oxidation by said
readily reducible oxide to form hydrogen and
carbon monoxide as aforesaid, thereby effecting
liberation of exothermic heat energy and forma-
tion of desired synthetic hydrocarbons in the said
mixture during said temperature reduction.

6. The method according to. claim 5 including
the additional steps of adding water vapor to said
mixture after said temperature reduction to re-
oxidize said catalyst, subjecting said reoxidized
catalyst to contact with the resultant gaseous
products at synthesis reaction temperature to
form additional desired hydrocarbon products of
reaction and employing said reoxidized catalyst
to effect said oxidation of said carbonaceous feed
material. o

7. The method of claim 6, wherein the catalyst
comprises iron. o L C,

8. The method of claimt 6, wherein oxidation
of the carbonaceous feed material by said readily
reducible oxide occurs at a temperature in the
range of from about 1000 to 2000° ¥. =~

9. The method defined in claim 6, wherein car-
bon dioxide contained in the products of the final
synthesis reaction is recycled to the final syn-
thesis zone at a sufficient Tate to substantially
suppress net formation of carbon dioxide. )

10. The method of converting carbonaceous
materials containing hydrogen into desired liquid
hydrocarbon fractions which comprises subject-
ing a mixture of said carbonaceous feed material
together with at least the combining proportion
of finely divided Fe3Oq to conditions, including an

- elevated temperature in the range of from 1000

to 2000° F., at which oxidation .of the carbon-
aceous feed material essentially to hydrogen and
carbon monoxide is compléeied and the FesCu is
reduced, thereafter reducing the temperature of
the efluent product, including the reduced Fe3Ox,
by countercurrent indirect heat exchange with
additional carbonaceous feed material and oxi-
dized catalyst being supplied for said reaction to
form hydrogen and carbon menoxide, effecting

. liberation of exothermic heat energy during such

temperature reduction, adding water vapor to the
reaction mixture at a temperature effective to
oxidize said reduced catalyst during the subse-
quent synthesis reaction, maintaining contact be-

tween said catalyst and resultant gaseous stream .

at synthesis reaction temperature until a substari-
tial degree of conversion to desired liquid hydro-
carbon products has occurred, and introducing
carbon dioxide to the synthesis zone at a rate
sufficient to limit net carbon dioxide production
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to less than five per cent on the basis of the
carbon in the feed stock consumed.

11. The method of converting carbonaceous
materials containing hydrogen into desired liquid
hydrocarbon fractions which comprises continu-
ously subijecting a stream comprising a mixture
of said carbonaceous feed material together with
at least the combining proportion of finely di-~
vided Fe:O: to oxidation under conditions, in-
cluding an elevated temperature in the range of
from 1000 to 2000° F., at which oxidation of the
carbonaceous feed material essentially to hydro-
gen and carbon monoxide is completed, and the
Pe:0: is reduced, thereafter reducing the tem-
perature of the effluent - product, including the
reduced Fe:Os by countercurrent, indirect heat
exchange with said stream of carbonaceous feed
material and oxidized catalyst, effecting reaction
of said effluent product with hydrocarbon forma-
tion and liberation of exothermic heat energy
during said temperature reduction, thereafter
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adding water vapor to the reaction mixture at'a

temperature effective to oxidize said reduced cata-
lyst, maintaining contact between said catalyst
and -resultant gaseous stream as synthesis re-
action temperature until a substantial degree of
conversion to-additional desired liquid hydrocar-
bon products has occurred, introducing carbon
dioxie to the synthesis zone at a rate sufficient
to limit net carbon -dioxide production to less
than five per cent on the basis of the carbon
in the feed stock consumed, recovering catalyst
from the final synthesis zone.substantially as
FesO: and continuously employing said FezO4

catalyst to effect said oxidation of the carbonace- !

ous feed madterial. . ) )

12. The method of converting carbonaceous
materials containing hydrogen into desired liquid
hydrocarbon fractions which comprises continu-
ously mixing an oxidized iron catalyst, essen-
tially in the condition of FesOs, with carbonace-
ous feed material, effecting oxidation of the car-
bonaceous feed material by said oxidized iron
catalyst under conditions including a final ele-
vated temperature in the range of from 1000 to
2000° F. with the production of reduced catalyst,
carbon monoxide and hydrogen, reducing the
temperature of said mixed reaction products, re-
acting the said products at a reduced tempera-
ture in the range of from 350 to 800° F. until a
substantial proportion of desired liquid hydro-
carbons are produced, furnishing sufficient car-
pon dioxide to said last named reaction to sur-
press net carbon dioxide formation, supplying
sufficient water vapor to the said last named Ye-
action to reconvert the catalyst to essentially the
form of Fe3Os, recovering hydrocarbon products
of reaction and employing said FesOs catalyst to
effect said oxidation of the carbonaceous feed
material.

13. The method of converting carbonaceous
feed material containing hydrogen into desired
liquid hydrocarbons which comprises continu-
ously heating said stream of carbonaceous feed
material in admixture with FesOs under condi-
tions including a final elevated temperature at
which the carhonaceous feed material is oxidized
essentially to carbon monoxide and hydrogen,
effecting temperature reduction of the products
of reaction, including the reduced iron oxide, with
realization of exothermic heat energy, effecting
indirect countercurrent heat transfer during said
temperature reduction with said stream of car-
bonaceous feed material and Fe;Os: whereby to
effect heating of said stream, completing. the
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conversion of gaseous products of reaction’ into
desired hydrocarbons in the presence of sufficient -
added water vapor to effect reoxidation of said
catalyst essentially to FesOs, ‘employing said
FesOs catalyst to effect said oxidation of the
carbonaceous feed material and recovering prod-
uct hydrocarbons.

14. The method of converting carbonaceous
materials containing hydrogen into desired liguid
hydrocarbon fractions which comprises subject-
ing an admixture of said carbonaceous feed ma-
terial and an oxidized iron catalyst, a major por-
tion at least of which is in the form of Fe3O4,
the FesOs in the mixture being in the relative
quantity from above about 1.0 to about 1.5 the
theoretical combining proportion in which the
Fe3Ou is reduced to metallic iron with the oxida-
ticn of the carbonaceous feed material to carbon
monoxide and hydrogen, to reaction conditions
including a final elevated temperature in the
range: of from about 1000 to 2000° F., at which
oxidation of the carbonaceous feed material is
completed essentially to hydrogen and carbon
monoxide, reducing the temperature of the mixed
reaction product comprising said hydrogen and
carbon monoxide and reduced catalyst, to the
range from about 350 to 800° F., effecting exo-
thermic interaction between said hydrogen and
carbon monoxide during said temperature reduc-
tion, thereafter injecting water vapor into said
mixed reaction products in the proportion of from
about 0.2 to about 1.4 mols of water vapor per
atom: of carbon supplied to the system as car-
bonaceous feed, thereby effecting catalytic syn-
thesis of desired product hydrocarbons and re-
oxidizing the catalyst, and employing said re-
oxidized catalyst to effect said oxidation of said
carbonaceous feed material. )

15. The method according to claim 14, where-
in the Fe3;O4 is admixed with the carbonaceous
feed material in the relative quantity of from
above about 1.0 to about 1.25 the theoretical
combining proportion.

16. The method according to claim 14, where-
in sufficient water vapor is introduced into the
said reaction product mixture to effect oxida-
tion of the catalyst in the final reaction step
completely to FezOu.

17. In the process of catalytically synthesizing
desired hydrocarbon fractions, wherein reactants
comprising a carbon monoxide and hydrogen are
passed in contact with a hydrocarbon synthesis
catalyst comprising a metal capable of form-
ing readily reducible oxide in a reaction zone at
a synthesis temperature at which a substantial
proportion of said reactants are converted into
desired hydrocarbons, the improvement which
comprises effecting said contact in the presence
of oxidizing gases, in contact with which said
catalyst forms an oxide, generating said carbon
oxide and hydrogen for contact with said syn-
thesis catalyst by reacting said catalyst oxide
with earbonaceous feed material containing hy-
drogen at an elevated temperature in the range
of about 1000 to 2000° F., at which the carbon-
aceous feed is oxidized with the formation of
the mixture of reaction products including hy-
drogen, carbon monoxide and reduced catalyst,
thereafter reducing the temperature of the re-
action products to the said synthesis temper-
ature, with liberation of exothermic heat energy
and partial formation of hydrocarbons, there-
after supplying water vapor to said mixture in
sufficient proportion to effect reoxidation of the
catalyst, and employing said reoxidized catalyst
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to effect said oxidation of the carbonaceous feed
- material.

18. The method of converting carbonaceous
materials containing hydrogen into desired hy-
drocarbon fractions, ‘which comprises reacting
said carbonaceous feed material with a readily
reducible oxide of a metal catalytically active
for the synthesis of hydrocarbons from carbon
monoxide and hydrogen under conditions in-
cluding an elevated temperature effective to oxi-
dize the carbonaceous feed material to hydrogen
and carbon mcnoxide and reduee said oxide,
cooling the resulting mixture of hydrogen, car-
bon monoxide and reduced metgl oxide to a sub-
stantially lower temperature by indirect heat
exchange with said carbonaceous feed material
whereby said hydrogen and carbon monoxide
are converted in the presence of said reduced
metal oxide into desired hydrocarbon fractions,
and subjecting said reduced metal oxide to re-
oxidation by adding water vapor to the said
cooled mixture.

19. The method of converting carbonaceous
materials into desired hydrocarbon fractions
which eomprises subjecting a carbonaceous feed

material containing hydrogen to contact with’

a catalyst comprising an oxide of a metal of a
class consisting of the iron group and ruthenium
effective for the direct synthesis of hydrocarbons
from hydrogen and carbon oxide, effecting said
contact at an elevated temperature in the range
at which the said catalyst and the said carbon-
aceous material react with the reduction of the
catalyst and oxidation of the carbonaceous ma-
terial to hydrogen and carbon monoxide, there-
after reducing the temperature of resultant
mixed catalyst and product gases, by indirect
heat exchange with said carbonaceous feed ma-
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terial, to the range at which hydrogen and car-
bon monoxide react in the presence of said cat-
alyst with the formation of said desired products
thereby effecting liberation of exothermic heat
energy and formation of substantial quantities
of said desired products during said temperature
reduction and withdrawing said products from
contact with the said catalyst.

20. The method according to claim 19, where-
in the carbonaceous feed material is subjected
to contact with an amount of said catalyst in
excess of that stoichiometrically required to con-
vert said carbonaceous feed material into hy-
drogen and carbon monoxide.

21, The method according to claim 19, wherein
sald resultant mixture of catalyst and product
gases is injected with water vapor after said tem-
berature reduction in an amount sufficient only
to increase formation of said desired hydrocarbon
products and supplement the oxidation of sald
catalyst.

CLAUDE W. WATSON.
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