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2-Claims.
1

The ‘present invention relates to the catalytic
reaction between carbon monoxide and hydrogen
to form valuable liquid hydrocarbons. More
particularly, the present invention is concerned
with improvements in the reaction based on an
improved composition of catalyst employed in
the reaction.
" The synthetic production of liquid hydrocar-
bons from gas mixtures containing various pro-
portions of carbon monoxide and hydrogen is a
matter of record, and numerous catalysts, usually
containing -an iron group metal, have been de-
seribed which are specifically active in promoting
the -desired reactions at certain preferred oper-
ating conditions. For example, cobalt supported
on an inert carrier is used when relatively low
pressures of about 1 fo 5 -atmospheres and low
temperatures of about 300 to about 425° F. are
applied in the manufacture of a Substantially
saturated hydrocarbon product while at higher
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temperatures of 450-750° F. and higher pressures

of 15-40 atmospheres required for the production
of unsaturated and branch chained products of
high antiknock value, iron type catalysts are
more suitable. ) ‘

In both cases, the reaction is strongly exo-
tHermic and the utility of the catalyst declines
steadily in the course of the reaction chiefly due
to depesition of non-volatile conversion products
such as paraffiin wax, carbon, and the like on
the catalyst. ‘ '

The extremely exothermic character and high
temperature sensitivity of the synthesis reaction
and the relatively rapid catalyst.deactivation have
led, in recent years, to the application of the fiuid
solids technique wherein the synthesis gas is
contacted with a turbulent bed .of finely divided
catalyst fluidized by the gaseous reactants and
products. This technigque permits continuous
catalyst. replacement and greatly improves heat
dissipation and femperature control. -
~ It is general practice in iron-catalyst hydro-
carbon synthesis operations to recycle tail gas
back to the synthesis reactor .in order to obtain
‘high over-all conversion of synthesis gas com-
ponents. However, the recycle gas operation is
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costly, both from the standpoint of investment -

and operation because of the large amounts of
gas which must be handled in compressors and
heat exchangers. In additien, since the fluid re-
actors have limitations with respect to .gas
velocities, the added gas volume, due to recycling,
necessitates greater reactor -cross section inorder
to -stay within proper velocity: limitations. -~

It would be highly desirable, therefore, to be
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‘able ‘to ioperate :a hydrocarbon synthesis plantin
a ‘ence-through operation -and to maintain the
consumption ratio of the synthesis .gas com-
ponents the same as the feed ratio. Depending
upon ‘the ‘source of the synthesis gas, the Ha/CO
ratio may vary :considerably. Thus, when isyn-
thesis gas is obtained by the water gas reaction
frem coal, the Ha/CO ratio of the gas is close to
1 to 1. :On the other hand, when it is obtained

-from partial oxidation of methane, the ratio is

closer to 2/1.

Furthermore, most processes for synthesis of
hydrocarbons from synthesis gas obtained from
coal :or natural .gas involve the production :of
relatively pure oxygen for the partial combustion
of these raw materials to form CO and H: which
are then reacted in:a second step to form the de-
sired hydrocarbons. In-order toproduce g highly
unsaturated hydrocarbon product of high ectane
value, it is generally considered desirable to:oper-
atbe the .synthesis reaction at high pressures of
ghout 400 p. s. i. g. in the presence of an iron
catalyst. This, however, involves production -of
relatively pure exygen, also at high pressures. Tt
would be uneconomic to employ air at high pres-
sure rather than oxygen, because the recycle re-
auirements associated with an iron catalyst to
obtain high over-all consumption of Hz: and CO
would result in the undesirable recirculation -of a
gas containing an ever-increasing amount of ni-
trogen.

Asindicated above, it would be highly desirable
to operate o hydrocarbon synthesis process by
the fluid solids technigue wherein the synthesis
gas is prepared at lower pressures by air instead
of by oxygen at high pressures, and wherein the
synthesis itself is carried out at moderate instead
of -at high pressures, wherein a valuable olefinic
motor fuel is obfained, and wherein $ail gasis not
recycled. The art shows many attempts in this
direction in fixed bed processes. Thus, it has
been - attempted to prepare high octane motor
fuel using .g. thoria-premoted cobalt catalyst on
a-silica gel catalyst. However, it was found that
when the variables were adjusted in an effort to
improve the liquid yield and the quality of the
product, the yield of liquid products increases
somewhat with pressure when the temperature
is held constant, but the yield of wax increases
also. This is-quite undesirable because wax for-
mation renders it extremely difficult to maintain
a fluidized bed in the reactor. -On the other hand;
if the pressure is held constant in the relatively
low pressure areas where .cobalt catalyst fune-
tions well, tThat is, in the region of 15 to about 75
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p. s. i. g., the olefin content of the product is low,
and attempis to increase the olefinicity by il}-
creasing the temperature cause a decrease in
liquid product yvield and an increase in gas for-
mation.

On the other hand, experience has indicated
that operation with o conventional iron catalyst
at the lower pressure is usually accompanied by

severe carbonization of the catalyst as well as

heavy formation of wax, both making the main-
tenance of a fuid catalyst bed a very great dif-
ficulty. Carbonization further causes rupture of
iron catalysts resuléing in formafion of fines
which eventually make impossible, maintenance
of fluidization and temperature control.-

It is the principal object of the present inven-
tion to previde an improved and flexible hydro-
carben synthesis process whersin recycle of tail
gas is avoided and wherein the Hz/CO consump-
tion ratio within the reactor is substantially the
same as the ratio in which Hz and CO are present
in the synthesis gas feed, irrvespective of the
source.

It is the principal object of the present inven-

to provide an improved hydrocarbon synthesis ?

process operable at moderate pressures wherein
high yieids of valuable liquid synthesis products
having a high degree of unsaturation are obtain-
able and wherein wax formation is minimized.
Other objects of the invention will in part be
obvious and will in part appear hereinafter.
In the synthesis of hydrocarbons from carbon
monoxide and hydrogen, particularly wherein
the synthesis gas contains large quantities of
nitrogen, it is obvious that a once-through opera-
tion is most desirable, because otherwise large
quantities of inert material would be recycled,
markedly decreasing the capacity of the plant
and the operation. Such niirogen is present

when the synthesis gas is prepared by partial ¢

combustion of natural gas with air at moderate
pressures, which is of marked economic advan-
tage over preparing the same by combustion with
pure oxygen under pressure. Furthermore, in
the synthesis of hydrocarbons from CO and Hsa
employing a once-through operation, it is appar-
ent that the optimum consumption ratic of the
reactants should be the same as their ratio in
the synthesis feed gas, to avoid losses of unre-
acted Ha and CO.

For example, in the production of synthesis
gas by partial oxidation of methane and natu-
ral gas with air, hydrogen and CO are produced
at a 2/1 ratio. When such a gas is used as a
feed to the synthesis reactor, the elimination of
oxygen in the form of water rather than carbon
dioxide is essential for an approximately 2/1
Hy/CO consumption ratio, in accordance with
the reaction:

@)] 2nHa+-nCO—(CH2) n+nH20

This is essentially the course of the reaction
when ccbalt is employed as a synthesis catalyst
and cobalt is thus ideally suited for a once-
through operation when the synthesis feed gas
has an H2/CO ratio of 2/1. However, as indi-
cated above and as is well known, cobalt cata-
lyst is not conducive to formation of olefinie
hydrocarbons valuable as motor fuel. On the
other hand, when an iron catalyst is employed,
the overall reaction can bhe more nearly repre-
sented by

(2)  3nH:t31nCO~2(CHz) n+nH:O-+nCO2
The CO:2 that occurs along with the products of
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the synthesis reaction, as in (2) above, may be
a result of the reversible water gas shift reaction

(3 CO+H20=2CO:z-Hz

Thus, in the synthesis reaction according to
(1) above, the consumption ratic of hydrogen
to carbon moncexide is 2/1. However, since some
of the water formed in (1) may react with some
unconverted CO in accordance with (3) hydro-
gen is formed and CO is consumed which in effect
lowers the H2/CO consumption ratio. Carried to
its limit, the ultimate effect of this reaction
would ke for all of the Hz20 formed to react rap-
idly and irreversibly with CC in which case the
net synthesis reaction could be written as

4 nHa+-20C0—(CH2) n+-nCO2

giving an H2/CO consumption ratio of 0.5/1.
From the above it may be seen that, starting
with a 2/1 H2/CO feed gas, the Hq/CO consump-~
tion ratio may vary from aboul 2/1 to almost
0.5/1 depending upon the degree tc which the
water gas shift reaction takes place.

During the normal synthesis with an iron cata-
lyst, and iron is considered to be an excellent
shift catalyst, the water gas constants

I{=_(COZ)(H2)
T (CO)(H:0) .
calculated from the gas concentrations in the
reactor are only 60-95% of the known water-gas
equilibriuim constants at temperatures in the
range of 550°-65G° ¥, The known values for K
at 550° F. and at 650° F. are about 50 and 23
respectively. The low calculated values indicate
that the amounts of COz and H2 present are
inadequate fully to satisfy the water gas shift
equilibrium and that the reaction of CC and H:O
is slower than the synthesis reaction.
Summarizing therefore, the removal of oxygen
in the synthesis reaction when cobalt is employed
as catalyst, appears to be accomplished by its
elimination as water, and the reaction is ac-
commpanied by an H2/CO consumption ratio of
about 2 to 1. However, the olefinicity of the
product is low and the reaction is accompanied
by significant wax formation. On the other hand,
when an iron hydrocarbon synthesis catalyst is
employed, oxygen is eliminated mainly in the
form of CO2, which latter must be recycled to
the reactor in order to maintain high over-all
conversion of Hy and CO. Because of the water
gas shift reaction, the overall H:/CD consump-
tion is substantially less than the X3/COC ratic
in the feed. : ) )
It has now been found that it is possible to
operate @ once-through hydrocarion synthesis
process and obtain high yields of olefinic hydro-
carbons while maintaining Hq/CO consumption
ratios substantially the same as Hz2/CO fresh feed
ratios by employing in the reaction zone a
catalytic mixture comprising a special supported
cobalt catalyst wherein part of the cobalt has
been replaced by iron, tcgether with a supported
or unsupported alkali metal salt promoted iron
type synthesis catalyst. The first-mentioned
iron-cobalt catalyst, though more than 50% cof the
cobalt may be replaced by iron, not only ,proé
duces excellent yields of olefinic products and
substantially minimizes wax formation, but also
consumes Hz and CO as though there were no
iron present, i. e. appears to eliminate oxygen
as water and operates at an Ha/CO consumption

- ratio up to about 2/1. Previous known modifica~

75

tions of iron synthesis catalyst were associated
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with: Hz2/CO consumption: ratios: considerably:
smaller than this: ‘ . ’

Desirable as it-is to: utilize: the speeial. cobalt-
iron: supported catalyst-in: a.once=through aopera-.
tion: wherein: the synthesis- gas: Hs/CO. composi~
tion is. about: 2/1, the maximum utility of’ this
catalyst is- not realized when: the Hz/CO: ratio
is less than this value, -as.about 1/1 when coal or
water gas is the source of the synthesis gas. Thus,
when cperating at-about 75 p. s: i. 8- and-at 500°
F. with-a feed gas: of 115 H3/CO ratio-with this
catalyst, a CO-rich tail‘gas is obtained with- an
Ha/CO consumption ratio of-about-1.72-1.89:

In order to eliminate.recycling. of. gas. to: the.

reactor- and therehy- operate- o & once~through
feed gas basis wherein high. conversion of hoth:
GO and Hjz to products of high unsaturation are:
obtained, in accordance with: the: present-inven-
tion, alkali promoted iron-type cafalysts having
specificity for unsaturatec product-formation and
which are characterized by a high degree of CO
conversion when employed in synthesis opera-
tion are mixed with a cobalt-iron-thoria catalyst
supported on silica gel, which catalyst is- also
specific to- formation of olefinic products but is
further characterized in that it promotes-high
hydrogen rather than high CO-conversion: in-the
synthesis reaction. These: mixtures-are suitably
adjusted in composition so that; when employed
in a once-through synthesis operation with syn-
thesis gas; Ha/CO' ratio ranging from about 0.8
to about 2.0: which: has bien prepared from
natural gas or carbonaceous solids'by oxygen, air,
or steam, the H2/CO consumption ratio within
the reactor is substantially the same as that- in
the synthesis gas feed. -
The catalyst mixture of the-present invention
consists essentially of an alkall’ metal salt- pro-
moted iron-type- hydrocarbon: synthesis: catalyst
and a cobali-iron catalyst promoted: by thoria
and supported: on a siliceous. carrier; preferably
silica gel. The- total cobalt- 4 iron- content of
the supported catalyst: may-vary from 10-35%- of
the total weight of the catalyst, and the: ratio-of
cobalt to iron on the-supported catalyst may vary
from- about 10/6.to 1/6. :

The invention will- best be: understood by- re-
ferring to the accompanying diagrammatic repre-
sentation of one of the modifications of the pres-
ent invention, where suitable equipment and flow
of material are shown for carrying-out cne em-
bodiment of the invention. In this embodiment,
synthesis gas obtained by partial oxidation of
natural’ gas is employed, though it will be un-
derstood that any source-of synthesis-gas having
any-desired Hz/COratio-within thelimits of about
0.5 to 2.0 may be employed. :

Referring: now in detail to the drawing,
natural gas:from any convenient source preheated

in preheater 4 is passed to-synthesis-gas producer

vessel 6, which comprises: a catalytic oxidation
gone. Simultaneously, air is passed: through line:

[
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8 into' compressor- 28; wherein it is moderately

compressed to about 50-100 p. s. i g:. and the
compressed material’ is passed: through line 22

and preheater {6, wherein it is preheated to about ~

1200° F;, and introduced into synthesis generation. -

plant.6.. In generator. 6, partial oxidation main-.
Iy to. CO. and. He takes place.. The temperature
in the ozidation. zone may he of the-order of
2000-2500° F., the lower portion 8§ of generator
& may comprise a catalytic reformer bed, con-.
taining: a reforming- catalyst. such as nickel or
copper in-magnesia, and any GOz and H2Q formed.
as a result of combustion in the upper part. of

6

the- generator will refarmrfunr.eacte.d.met‘han.&'w

produce. further-quantities:of Hz and CO..
The:- hot: synthesis gases- leaving generator 6;

which.are. at: a-temperature of about 1660-1800°

. F: are-passed through line- 10:and are. preferably

employed: to .preheat: the incoming natural: gas
and air in preheaters.4.and 1€; respectively, the
synthesis gas.stream being- divided for this. pur-
pose to pass-through lines: I2 and 14; and through
lines. 25 and 26. The  reunited synthesis. gas.
stream; which. has. been cooled as: indicated to
about 450°-600° F., and: may: be. further: cooled,
if- desired, is: passed to the hbottom of hydro-
carbon:synthesis reactor 28. The latter is pref-.
erahly- in. the. form. of* a vertical cylinder with:
a conical base; and an upper expanded section,
and has: a grid: ox- screen: located in the lower
section to effectgood gas distribution,
- Within- reactor- 28, a mass of the catalyst de-
seribed. below: is: maintained- in the form of &
finely divided powder having-a particle size dis-
tribution from about 100-400 mesh, preferably
in the range. of ahout 150-250 mesh, The cata-
lyst: mixture is supplied from catalyst hoppers
31 and: 34 through lines- 39 and 2§ respectively.
The- catalyst supplied from hopper 371 may: be
any iron-type supported: or- unsupported hydro-
earbon: synthesis catalyst, such as pyrites ash,
mill: scale, reduced. iron supported on an active
carbon support, or the like, suitably promoted
with alkali metal salt promoter such as sodium.
or potassium chloride, carhonate, etc. The cata-
lyst supplied from hopper 84 is a mixed cobalt-
iron catalyst: supported on silica. gel promoted
with- thoria, and which may have a total iron
plus: cobalt content of 10 to 356%. Thus, for -
lustrative purposes; catalyst: supplied, to reactor
28 from hopper 34 may have an iron content
of about. 3-25%, a cobalt. content of 5 to. 30%,
thoria equivalent: to 1-5%. thorium, and silica
of from. 60.1q 89%. The:catalyst supplied from
hopper- 37 may be @ reduced iron: catalyst sup-
ported on active.carbon, promoted with not less
than 0.4%. and not more than 1% KiCOs, the
weight, of irom being: preferably 10~20%- of the
total catalyst: By-suitable adjustment of valves
35 and 33, the amounts of the two catalysts may
be: proportioned to provide catalyst mixtures
within 28 having the property of effecting sub-
stantially: complete Hz and CO- consumption.
The. synthesis gas mixture, having a molar
ratio. of Hz/CQ of 2-or less, flows upwardly
through grid 80. The linear velocity of the gas
within the reactor is kept within the approxi-
mate range of 0.1-3.0.feet. per second, preferably-

5 about. 0.4-1.5 feet per second. so as to maintain

the catalyst. in the form of a dense, highly tur-
bulent fluidized mass having a well defined- up-
per level 38 and an apparent: density of from
cu, fi., depending upon
. The invention is particularly applicable for
production: of. olefinic hydrocarhons at. low pres=
sures, and the. pressure within reactor 28 is kept
within: the.limits of 50-100-p. s. i. g., though, if

: desired, the process may be-applied to the more

conventional pressures associated with. ivon syn-:
thesis catalysts up to 400-500 p. s. i. g. The
temperature is mainhtained constant within the
limits of about 450°-650° F. Surplus heat from

- the.exothermie reaction may be withdrawn by

any conventional means, such as internal cool-
ing coil 32,

Only: & minor portion of the catalyst is carried
into. the: disengaging section of the reactor above
level. -38;. and: these. catalyst particles are sep-
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arated from the reaction products in a conven-
tional gas-solids separator, such as cyclone 48
and returned to the dense hed via dip pipe 42.
The rate of gas throughput is in the range of
2-20 volumes of synthesis gas per weight of cat~
alyst per hour. There are no provisions for
tail gas reecycle, as in accordance with the in-
vention, this costly process is no longer neces-
sary. As indicated below, under certain cir-
cumstances it may be desirable to omit cyclone
46 and to remove the catalyst fines overhead
with the product gas stream.

Product vapor and gases are withdrawn over-
head from reactor 28 and are passed through
line 44 and condenser 4% to liquid products sep-
arator 48, wherein liquid products are separated
from gases. The liguid products,. containing
high yields of olefins with little or no wax may

@ withdrawn through line 52 to further prccess—
mg, such as fractionation, cracking of the g
oil fraction, isomerization, polymerization, etc.,
all in a manner known per se.

The uncondensed gases, comprising Iower
molecular weight hydrocarbons as well as un-
reacted synthesis gas and nitrogen, are prefer-
ably passed through line 58 to a fuidized solids
active carbon adsorption plant, wherein light
hydrocarbons may be removed and recovered by
desorption at the lower pressures of the pres-

ent operation, this represents a cousiderably :

more economical process than the conventional
oil absorption of tail gas.

The present invention admits of numerous
medifications apparent to those skilled in the art.
Thus, instead of producing synthesis gas from
partial combustion of natural gas or methane
by air at low pressures, synthesis gas may also
be prepared by the water gas reaction from coal.
In such case, depending upen how heat is fur-
nished te the process, either by direct combus-

tion of coke or coal within the water gas gen-~

erator with air or by recycling of hot combus-
tion solids .from a burner vessel, the synthesis

gas may or may not contain appreciakle quan-

tities of nitrogen. The ratio of H2/CO in syn-
thesis gas prepared from coal is about 1/1, and
such a synthesis gas may be passed through a
shift converter to increase the feed gas ratio
from 1/1 to about 2/1 or any intermediate values.
In such system, also, a sulfur removal step would
be introduced, such as by passing the symheszs
gases through spent synthesis catalyst to remove
sulfur. : :

Furthermore, particularly when operating with
low Hz2/CQ feed gas, it may be desirable o dis-
pense with cycle 48, Particularly in the case of
iron catalyst, low Hz/CO feed gas ratios combined
with low synthesis reactor pressures are severe
conditions, resulting in -substantial catalyst dis-
integration, and it may be desirable to take gver-
head fines formed within synthesis reactor 28.

As for the catalyst, various modifications of the
above type catalysts show sirailar and further im-
provement in the synthesis reaction:

The invention may be further illustrated by the

following specific examples,

representing fixed
bed laboratory data: -

E:camplé I

The cobalt-iron silica catalyst may be pr epared
in the following manner.

Cohalt, iron and thorium, all as their hydrated
nitrate salts, were mulled in a Simpson mixer with
silica (as silica hydrogel containing about 18%

solids) and the wet mixture passed through a
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colloid mill. The above composite was dried at
about 250° F., then further heated for 48 hours
at 420° F. and for an additional 5 to 6 hours at
550° F. to complete the decomposition of the ni-
trates. The resulting dried material was. then
ground to a suitable size and reduced with hy-
drogen at 700° F. at atmospheric pressure.

Example IT

The following examples illustrate the relation-
ship of the Ha/CO consumption ratio to the na-
ture of the synthesis catalyst:

Catalyst A B C D

Temperature

Presslre . o eoeooocmcoeeooo
Feed Gas Ratio, Ho/CO_________
CO conversion, percent Output.. -
H3 conversion, percent Output...._..... 85 45 51
H/CO Consumption Ratio...___________ L7901 1.81 | 0.62 1.08
Gy} Yield, ce./m.3 Hp+CO consumed...| 180 | 187 | 215 174
Est. unsaturation, Init. —400° I,, percent.] 66 42 i

In the above table, catalyst A has the follow-
ing composition: 25.2% Co, 2.8% Fe, 44% 'Th,
and 67.6% SiOa. It is prepared similarly as the
catalyst described in Example T.

Catalyst B is a conventional cobalt catalyst,
consisting of 30% Co, 1% ThO2, 3% MgO and
66% SiO2, promoted with 2% Na (as Na2C0s3,
based on Co).

Catalyst C is an iron catalyst supported on an
active carbon carrier. It contains 14.99% iron and
is promoted with 0.5% K2COs.

Catalyst D is a reduced resintered iron pyrites
ash catalyst promoted with K2C0s.

The above data clearly indicate the high H-a
conversions, relatively low CO conversions and
high consumption ratios obtained with cobalt and
mixed Co-Fe catalyst precipitated on a silica gel
carrier. The data also show that at the moderate
pressures employed, the conventional cobalt cata-
lyst produces a product of low olefinicity. Hence,
though the consumption ratio is high in both the
CO and the Co-Fecatalyst, the former is not par-
ticularly suitable for the production of motor fuel
in accordance with the present invention. It will
be noted that in the case of catalysts A and B,
hydrogen conversions were high and CO conver-
sion low. On the other hand, in the case of cata-~
lysts C and D, hydrogen conversions were low but
CO conversions high.

Example ITI

To illustrate the high hydrogen and high car-
bon monoxide conversion levels obtainable by op-
erating in accordance with the invention, a cat-
alyst was prepared consisting of about 50% of a
KCl-promoted iron pyrites ash and 50% of a
mixed cobalt-iron-thoria silica catalyst. The
catalytic mixture was prepared as follows:

The pyrites component was prepared by im-
pregnating 99 parts of sintered iron pyrites ash
with an aqueous solution of 1% KCl. The mixed
cobalt-iron catalyst compound was prepared by
mulling the nitrates of cobalt, thorium and iron
with silica hydrogel followed by drying and heat-
ing to decompose the nitrates. On a reduced
basis, this component consisted of 25.2% Co, 2.8%
Fe, 44% 'Th, and 67.6% Si0O2. The dried and
heated product last-named was then mixed in
a ball mill with the first-named pyrites ash and
after mechanical mixing, the resultant powder
was pilled and reduced with hydrogen at 700° F.
for 4 hours. The final catalyst contained about
514% Fe, 0.56% KCl, 12.6% Co, 1.49% Th, 33.8%
S0a.
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The catalyst thus prepared was tested in a fixed
bed laboratory unit under synthesis conditions
including a temperature of 500° F., 75 p. s. i. g.
pressure and a 2/1 Hz/CO feed.

Temperature, *F. 500

Pressure, p. 8. de S o oo e 5
Feed gas ration, H2/CO oo 1.9
Feed rate, v./V./0r 100
CO conversion, per cent._ oo 99.8
He conversion, per cent- .- e - 96
H/CO consumption ratio e meee—c 1.81
Ca-tyield, cc./m.3 Ha+CO consumed— .- 176

From the above table, it may be seen that by
suitably proportionating the two catalyst com-
ponents in the reactor, practically complete con-
version of the synthesis gas constituents is ob-
tained, thus making feasible a once-through syn-
thesis operation.

Thus, in accordance with the invention, hy-
drocarbon synthesis is carried out under once-
through conditions with high conversions of H2
and CO with mixtures of catalysts possessing in-
dividually not only the characteristics of elim-
inating oxygen primarily as CO or Hz0, but also,
the characteristic of producing unsaturated
products of high selectivity.

While the foregoing description and exemplary
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operation have served to illustrate specific ap-

plications and results of the invention, other
modifications obvious to those skilled in the art
are within its scope.

What is claimed is:

1. An improved process for converting carbon

monoxide and hydrogen to normaliy liquid hy- s

drocarbons of high olefin content and whereby
high conversion levels of carbon monoxide and
hydrogen are attained which comprises contact-
ing a feed gas comprising carbon monoxide and

30
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hydrogen in synthesis proportions at synthesi$
conditions with a dense turbulent fluidized mass
of finely divided synthesis catalyst, said catalyst
comprising a physical mixture of separate
discrete particlés of definite composition, one
component of said mixture comprising an alkali .
metal salt, promoted iron catalyst and the sec-
ond component of said mixture comprises a sup-
port_carrying as active component, a mixture of
cobalt and iron promoted with a minor amount
of thoria, the said total combined catalyst con-
sisting essentially of 51.4% iron, 0.5% KCI, 12.6
Co, 1.49% Th and 33.8% SiOz by weight.

2. An improved catalyst for the synthesis of
normally liquid hydrocarbons of high olefin con=
tent by the conversion of CO and He which com-~
prises g physical mixture of an iron catalyst and
a finely divided silica gel support carrying as
active component a mixture of iron and cobalb
promoted with a minor amount of thoria, said
catalytic mixture consisting essentially of 51.4%
Fe, 05% KCI1, 12.6% Co,. 1.4% Th and 33.8%
SiOs.

LOUIE RANDALL SCHARMANN,
Ezxecutrix of the estate of Walter G. Scharmann,
deceased.
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