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1
The present invention is directed to an im-
. proved method for effecting the synthesis of hy-

drocarbons and oxygenated organic compounds

from carbon monoxide and hydrogen.

This application is a division of U. S. Serial
No. 69,068, filed January 3, 1949, entitled “Method
for Synthesis of Hydrocarbons and Oxygenated
Compounds,” which is a continuation-in-part of
U. S. Serial No. 686,468, filed July 26, 1946, now
abandoned, and entitled “Synthesis of Hydro-
carbons and Oxygenated Organic Compounds.”

It is well known to the art to produce hydro-
carbons by the reaction of carbon monoxide and
hydrogen in the presence of a catalyst and un-
der well defined conditions of temperature, pres-
sure, and contact time, these conditions being
adjusted for the particular type of catalyst be-
ing employed. The products obtained by the
reaction of carbon monoxide and hydrogen also

vary in type, configuration, and molecular weight .

depending upon the type of catalyst employed.
Paraffinic and olefinic hydrocarbons are the usual
products obtained in a reaction of this type; by-
products consist chiefly of water, oxygenated
compounds and carbon monoxide. Experience
has shown that the oxygenated compounds are
predominantly aleoholic in nature and that small
amounts of esters, organic acids, ketones and
aldehydes are usually also formed.

Workers in the prior art have disclosed proc-
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esses for hydrogenating carbon monoxide to pro- -

duce hydrocarbons using catalysts -such as
sintered iron promoted with an alkali metal
compound and reduced in a hydrogen atmos-
phere, or by the reduction or oxidation of iron
or of metals of the iron group in mixtures of
hydrogen and steam. The crystal structure of
the several iron oxides is well known from the
results of X-ray diffraction examination. The
prior art workers have also employed as . cat-
alysts for the Fischer synthesis process reduced
Fe30: or reduced alpha ferric oxide; these cat-
alysts were prepared by reducing promoted Fe3Os
crystals directly or by reducing alpha Fe:0s
crystals. )

In accordance with the present invention, car-
bon monoxide and hydrogen are brought info con-
tact with an iron oxide type catalyst under suit-
able temperatures and pressures to produce high
yields of hydrocarbons as well as -oxygenated
organic compounds. The iron oxides are pre-
pared as the catalyst in accordance with the
present invention by introducing in the manu-
facture thereof the step of an intermediate for-
mation of gamms Fez03 crystals. Further, in

[
v

9

40

50

56

the preparation of the catalyst, a compound
comprising an element selected from the al-
kali metals, such as potassium oxide, is ad-
mixed with the iron oxide to engender and sta-
bilize the gamma: ferric oxide crystalline struc-
ture. The mixture of gamma Fe203 crystals and
stabilizing agent is subjected to a reducing at-
mosphere at superatmospheric temperatures be-
fore it is employed as the catalytic agent. It is to
be emphasized that the intermediate formation
of gamma ferric oxide from Fe3;O« and its sub-
sequent reduction to metallic iron or lower iron
oxides constitutes a new and improved step in
the manufacture of active catalyst for liquid hy-
drocarbon synthesis.

Accordingly, the present invention may be de-
scribed briefly as involving the contacting of a
mixture of hydrogen and carbon monoxide with
a catalyst which is obtained by subjecting to a
reducing atmosphere at superatmospheric tem-
peratures Fex03 in the form of gamma ferric
oxide crystals, with the feed gases being main-
tained under temperature and pressure conditions
to cause the formation of substantial amounts of
hydrocarbons and oxygenated hydrocarbons. -

It is preferred to contact the mixture of hy-
drogen .and carbon monoxide with the catalyst
at a temperature in the range of 450° to 675° F.
and -at a pressure within the range of 10 to 600
pounds per square inch gauge. It is also de-
sirable for the hydrogen and carbon monoxide
to be present in ratios within the range of 2:1
to 1:1 and to use feed rates within the range of
1 to 1500 gaseous volumes of feed per volume of
catalyst per hour.

' In the process of the present invention, the
iron oxide in the gamma crystalline form bhe-
fore reduction should be stabilized in order to
prevent conversion of the gamma ferric oxide
crystals into a less desirable material such as
the alpha ferric oxide crystals at the high tem-
peratures required for the reduction of the cat-
alyst. The iron oxide may be stabilized in the
form of gamma oxide crystals by preparing a
mixture comprising a major portion of Fez03 in

_the form of gamma oxide crystals and a minor

portion of a compound derived from an alkali
metal. Examples of stabilizing materials which
may be admixed with the Fe:03 are potassium
carbonate, sodium carbonate, potassium hy-
droxide, potassium oxide, and the carbonates,
oxides, and hydroxides of the other alkali metals
as illustrated, for example, by lithium and sodi-
um hydroxides as well as rubidium and caesium
as the oxide, hydroxides, or carbonates. It is
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desirable to add from 1 to 15 weight per cent of
stabilizing material of the alkali metal compound,
based on the iron oxide, in order to stabilize the
iron oxide in the gamma form.

The catalytic mass comprising reduced Fe:0s3
in the form of gamma oxide crystals and a sta-
bilizing agent comprising an alkall compound,
prior to reduction, may be formed in any con-

venient manner and employed in the practice ©

of the present invention. As one method for pro-
ducing the catalytic mass, iron oxide in the form
of Fe304 may be admixed with an aqueous solu-
tion of a compound containing an alkali metal
"added in an amount within the range from 1
to 15 per cent, based on the iron oxide and the
mass mixed to form a paste. The resulting
paste may be dried, and then heated in the pres-
ence of oxygen at a temperature in the range
from about 750° to about 1400° F., the resultant
mass being then reduced with hydrogen gas at
a temperature within the range of 750° to 1400° ¥.

As another method for obtaining a catalytic
mass comprising reduced iron oxide derived from
Fez03 in the gamma crystalline form, a ferrous
chloride solution may be contacted with pyri-
dine to obtain a complex. The complex mass is
then dissolved in water and contacted with a
stream of air to oxidize it to gamma ferric oxide
monohydrate. The gamma ferric oxide mono-
hydrate may then be admixed with a compound
containing an alkali or an alkaline earth metal
in an amount within the range of 1 to 15%,
based on the anhydrous iron oxide. The mix-
ture may then be subjected to a suitable tem-
perature to dehydrate the oxide and to obtain
a mixture of Fe:Os in the form of gamma iron
oxide crystals and an alkali or alkaline earth
metal-containing compound. Prior to employ-
ment of the catalyst, it is preferred to subject the
dehydrated mass to a reduction operation in
the presence of hydrogen at a temperature within
the range from about 750° to 1400° F. to obtain an
active catalyst.

The practice of the present invention may now
be described by reference to the drawing which
is a single figure in the form of a flow diagram
showing a mode of practicing one embodiment
thereof.

Turning now specifically to the drawing, a
mixture of carbon monoxide and hydrogen at
the pressure desired for the synthesis reaction
is passed through an inlet line represented by
the numeral {1 into reactor 12. Within reactor
12 is arranged a catalyst mass 13 which has been

_prepared by the reduction of Fe:0; in the form
of gamma ferric oxide crystals and containing
a stabilizing amount of an alkali metal com-
pound. Since the reaction of carbon monoxide
and hydrogen is exothermic, tremendous amounts
of heat are evolved during the reaction and must
be removed from the catalyst bed 13. In order
to maintain the temperature of the catalyst bed
within the limits required for optimum con-
version, a space is provided between reactor bed
13 and vessel 12 and a suitable fluid is passed
into the space by inlet line 9 and withdrawn
through outlet 10 for controlling the tempera-
ture of the catalyst bed. .

The efluent from the catalyst bed {3 containing
unreacted carbon monoxide and hydrogen, hy-
drocarbons and oxygenated compounds such as
alcohols, carbon dioxide and water, is removed
through line 14 and passes through a cooling
means 15 wherein the major portion of hydro-
carbons and water are liquefied. The mixture
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is withdrawn from cooling means 15 and dis-
charged into a settling means 16 where the total
mixture is separated into a hydrocarbon phase
and a water phase. Water is withdrawn con-
tinuously from settler 16 through line (71 and
the hydrocarbon layer is withdrawn continu-
ously through line (8. Non-condensible ma-
terials contained in the efluent may be with-
drawn from the top of settling means 16 through
line 19; these exit gases may be conducted to
a separation means, not shown, in order to re-
cover unreacted carbon monoxide and hydro-
carbon for recycling to the reaction 12 or may
be recycled to the reactor as such.

The liquid hydrocarbon layer is passed through
line (8 containing pump 20 and discharged into
a distilling means 21, heat being supplied by
heating coils 22 to heat the hydrocarbons there-
in. Hydrocarbon fractions suitable for use as
motor fuels, diesel fuel or components of lubri-
cating oils may be withdrawn from distilling
means 21 through lines 23, 24, 25, 26 and 21. A
heavy bottoms fraction is withdrawn through
line 28 and may be employed as a lubricating oil
or as a fuel oil.

It will be recognized by those skilled in the art
that the hydrocarbons withdrawn from distilla-
tion unit 2{ may be employed for many purposes.
For example, light olefins, boiling in the range
of C¢ and Cs hydrocarbons may be alkylated with
an isoparaffin, such as isobutane, in the presence
of a suitable catalyst to produce a high octane
motor fuel. Also, the liquid fractions obtained
in the synthesis process may be hydrogenated to
improve the stability and octane characteristics
thereof. It is to be pointed out that it may be
desirable to recover oxygenated organic com-
bounds from both the water and hydrocarbon
bhases removed from settler 16; the more water-
soluble oxygenated hydrocarbons will be present
in the water phase whereas the high molecular
weight oxygenated compounds which are rela-
tively insoluble in water will be present in the
hydrocarbon phase.

While the above discussion has described a
method for carrying out the synthesis reaction
in the presence of catalysts employing a fixed
bed operation, it is to be pointed out that other
methods for carrying out the aforesaid synthesis
reaction may at times be desirable. For ex-
ample, the catalyst may be employed in the form
of a suspension in a gaseous stream and passed
through the reaction zone. The technique for
carrying out reactions in a suspension of cat-
alyst, commonly designated as a fluidized cat-
alyst, are well known and accordingly the de-
tails of such an operation.will not be given here.
The catalyst employed in the process of our in-
vention lends itself well to use either in the
form of pellets or pills for the fixed bed type of
operation or to use as a finely divided powder
suspended in a gaseous stream in the fluid cat-
alytic synthesis operation.

The advantages to be obtained in the practice
of our invention will now be described by the
following examples:

Example I

Pulverized black ferroso-ferric oxide was
treated with various amounts of K2COs, the lat-
ter material being added as an aqueous solution
comprising 105 grams K2CQs per liter of solution.
The thick paste resulting from admixture of the
oxide and aqueous solution was mulled and dried
in a circulating oven at a temperature of about
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odge . for about 48 hours. The dried material
was then pulverized, pelleted into +%’* pills,
heated for about 412 hours at a temperature of
about 1000° F. in the presence of air and cooled
in the presence of air. The resulting Fe20s3
samples containing various amounts of KCOs
(reported as per cent KaO) were then examined
by X-ray diffraction procedures well known to
the art. The diffraction patterns thus obtained
were compared with X-ray diffraction patterns
obtained on samples of pure alpha Fe:0s and
gamms Fe20s, respectively. The following re-
sults were obtained:

Wt. percent
K30 (added as
K3CO3)in Iron

Oxides

Results of X-Ray Examination of
Promoted Iron Oxides

2 Standard Alpha Fe;O; pattern.

5 Standard Alpha FesOs pattern with
a few extra lines.

Alpha Fe0s and gamma Fe;Os
pattern with weak, sharp addi-
tional lines.

Gamma FeiO: plus little alpha’
Fey0;. Sharp additional lines, .
Gamma Fe;O3; plus little alpha
Fe20;.  Sharp additional lines.
Gamma Fe:Oj; plus little alpha FeaOs

Sharp additional lines.

0.
0.
L

2.0
5.0
10.0

Tt will be seen that the present of below about
1.0 per cent by weight of K20 (added as K2COs3)
in the oxidized iron oxide resulted in the prep-
aration of crystals showing predominantly the
alpha oxide structure whereas above this
amount, the crystals were predominantly in the
gammg, oxide form.

Example IT

In this example, the pellets comprising alpha
jron oxide and 0.2 weight per cent K20 prepared
as described in Example I were reduced in the
presence of dry hydrogen gas for four hours ab
a temperature of about 900° F. and at atmos-
pheric pressure, the hydrogen feed rate being
maintained at 1000 volumes per volume of pro-
moted iron oxide pellets per hour. A mixture
comprising hydrogen and carbon monoxide in a
ratio of 1:1 was then passed over the catalyst at
a feed rate of 225 volumes per volume of catalyst
per hour and at a pressure of 150 pounds per
square inch gauge. The temperature of the
catalyst bed was carefully controlled at 550° F.
The products were segregated into a water phase,
& liquid phase comprising hydrocarbons and oxy-
genated hydrocarbons, and a gaseous phase com-
prising unreacted feed, COz, and gaseous hydro-
carbons. The yield of C+ and heavier products
was found to be 146 cc. per cubic meter of CO
and Hz2 charged and 177 cc. per cubic meter of
CO and Hz consumed. The selectivity, deter-
mined as the ratio of C: and heavier products to
C1 and heavier products times 100. was deter-
mined to be 64.8. .

Example II1

In this example, the pellets comprising gamma
ferric oxide and 5.0 weight per cent K:O pre-
pared as described in Example I were reduced by
dry hydrogen under the same conditions men-
tioned in Example II. Likewise, a CO and H:

mixture was passed over the reduced catalyst 7

under the same operating conditions employed .
in Example II. The yield of C: and heavier
products was determined to be 227 ce. per cubic
meter of CO and Ha charged and 245 cc. per
cubic meter of CO and Ha consumed. The selec-
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tivity, calculated as described in Example IT, was
found to be 91.3. The water phase resulting
from the above operaton was analyzed and found
to contain the equivalent of 3.8 cc. alcohols (eal-
culated as ethyl alcohol) per cubic meter of CO
and Haz consumed. Water insoluble alcohols
were present in the liquid hydrocarbon phase.

It is seen, therefore, that the use of an iron
oxide catalyst promoted and stabilized with
above 5.0 weight per cent KaO (added as K2COzs)
and prepared by the reduction of gamma Fe203
results in the synthesis of larger quantities of
useful products than does the use of a catalyst
prepared by reduction of alpha ferric oxide used
in Example II.

Ezample IV

"A mixture comprising a major portion of
Fes03 in the form of gamma oxide crystals and
2.0 weight per cent K20 (added as K:COs) pre-
pared a described in Example I and reduced by
the procedure described in Example II was em-
ployed as a synthesis catalyst. A mixture of Hz
and CO in a ratio of 1.24:1 was passed over the
catalyst at a rate of 144 volumes per volume of
catalyst per hour, a temperature of 550° F., and
a pressure of 150 pounds per square inch gauge.

. The products were segregated and measured and
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the yields of C: and heavier products based re-
spectively on the Hz and CO charged and con-
sumed were 175 and 225 cc. per cubic meter of
gas. The water layer yield was found to be
equivalent to 40 cec. per cubic meter of Hz and CO
consumed. The water layer contained 7.9
weight per cent alcohols (calculated as ethanol),
had an acid normality of 0.334 showing the pres-
ence of organic acids, and had a carbonyl mo-
larity (calculated as acetone) of 0.192 showing
the presence of ketones and aldehydes. The hy-
drocarbon layer containing a minor portion of
hydrocarbon-soluble oxygenated hydrocarbons
had a specific gravity at 20° C./4° C. of 0.795
and a bromine number of 56. The selectivity
was found to be 70.6.

Example V

A mixture comprising a major portion of FeaO3
in the form of gamma oxide crystals and 10.00
weight per cent K20 (added as K2CO3) prepared
and reduced as described in Examples I and II
was used as a synthesis catalyst. Synthesis gas
comprising 97.2% CO and H: in a ratio of 1.22:1
was passed over the catalyst at a feed rate of 343
volumes per volume of catalyst per hour, a tem-
perature of 550° F., and a pressure of 150 pounds
per square inch gauge. The yields of C:+ and
heavier products based on the Ha and CO charged
and consumed were respectively 168 and 225 cc.
per cubic meter of gas. A selectivity of 75.5 was
obtained.

Exzample VI

A mixture of Hz and CO in a ratio of 1.22:1 was
passed over reduced gamma iron oxide catalyst
containing before reduction 4.0 weight per cent
K20 (added as K2CO3) at a rate of 317 volumes
per volume of catalyst per hour, a temperature
of 675° F'.,, and a pressure of 150 pounds per square
inch gauge. Yields of Cs+ and heavier products
were 128 and 177 cc. per cubic meter of Hz and’
CO charged and consumed, respectively. The se-
lectivity was 59.4. The catalyst was prepared and
reduced in accordance with the procedures de-
seribed in Examples I and II and showed before
reduction the typical X-ray diffraction pattern of

75 gamma ferric oxide. -
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Ezample VII

A sample of FesO4 was treated by the procedure
described in Example I with the exception that
no KiCO: was added as promoter. After re-
duction of the pelleted catalyst as described in
Example II, Hz and CO (1.22:1 ratio) was passed
over the catalyst at a rate of 215 volumes per vol-
ume of catalyst per hour, & pressure of 150 pounds
per -square. inch gauge, and a temperature of
600° F.. Cs and heavier product yields on the Hai
and CO charged and consumed were respectively
91 and 110 cc. per cubic meter of gas. The se-
lectivity was only 40.2. The X-ray diffraction
pattern of the unpromoted iron oxide before re-
duction was identical to a standard alpha FesO;
pattern.

Example VIII

A first catalyst sample containing 0.2% K0
(added as K2CO3) and comprising predominant-
ly alpha iron oxide was reduced as described in
.Example II. Synthesis gas having Hz and CO in
the ratio of 1.22:1 was passed over the catalyst
at a temperature of 650° F. a pressure of 150
pounds per square inch gauge and a feed rate of
244 volumes per volume of catalyst per hour.
The yields of Cs and heavier product were 112
and 124 cc. per cubic meter of Haz and CO charged
.and consumed, respectively, with a selectivity of
43.2. The hydrocarbon layer contained approx-
imately 0.5 weight per cent of OH and the alco-
hols present were chiefly C: and heavier. The
water layer contained approximately 1.5% al-
cohol calculated as ethyl aleohol.

A second catalyst sample containing 1.09% K20
(added as K2CO3) and comprising predominant-
1y a mixture of alpha and gamma, iron oxides was
reduced as described in Example II. Synthesis
gas having Hz and CO in the ratio of 1.22:1 was
passed over the catalyst at a temperature of 650°

F., a pressure of 150 lbs. per square inch gauge

and a feed rate of 290 volumes per volume of
catalyst per hour. Yields of Cs4 and heavier prod-
uct of 165 and 191 cc. per cubic meter of Hz and
CO charged and consumed, respectively, with a
selectivity of 65.4 were obtained. The hydrocar-
bon layer contained approximately 2 weight per
cent OH. The water layer contained 7.6 weight
per cent of alcohol calculated as ethyl alcohol.
It will be seen that the second catalyst gave sub-
stantially improved results in that it produced
higher yields of useful hydrocarbons as well as
oxygenated hydrocarbons. i

Example IX

Pulverized magnetic black ferroso-ferric ox-
ide was treated with an aqueous Na:COs solution
to form a mass which was dried and oxidized by
the method described in Example I. The ox-
idized mass contained 2.0 weight per cent NazCOs.
After reducing the oxidized mass with dry hydro-
gen by employing the procedure described in Ex-
ample II, a mixture of Ha and CO in a ratio of
1:1 was passed over the catalyst at 150 pounds per
square inch gauge pressure, 550° F'. temperature
and 200 volumes-per volume of catalyst per hour.
A liquid product yield (excluding C4 and heavier
product present in the exit gas from the opera-
tion) of 140 cc. per cubic meter of charge gas
was obtained. A catalyst containing 2.0 weight
per cent K20 (added as K2:COz) and prepared
and reduced as described in Examples I and IT
was used under the same synthesis conditions
described above in this example. A liquid product
yield (excluding Cs and heavier product present
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8 .
in the tail gas from the unit) of 120 ce. per cubic
meter of charge 3as was obtained. It is. seen that
Na2COs as well as K2CO;s is an effective promoter
and stabilizer of the catalyst mass.

Ezxample X

Pulverized magnetic black ferroso-ferric oxide
was treated with varying amounts. of 8 solution
of aluminum nitrate, the solution being added as
an aqueous solution to portions of the ferroso-
ferric oxide to provide catalyst masses, as will be
described having varying amounts of aluminum
oxide contained therein. The thick pastes re-
sulting from the admixture was mulled and dried
in a circulating oven at a temperature of about
225° F. for about 24 hours. During the drying
operation it was observed that brownish fumes of
nitrogen oxides were being evolved. The dried
material, after the aforesaid period, was then
bulverized, pilled into %'’ pills, heated for about
4% hours at a temperature of 1000° F. in the
presence of air, and cooled in the presence of air.
The resulting Fe:0: samples containing various.
amounts of Al203 was then examined by X-ray
diffraction procedures well known to the art.
The diffraction patterns thus obtained were com-
pared with X-ray diffraction patterns on samples
of pure alpha Fe20;. The following results were
obtained:

Wt. Per Cent
AlOy in
Iron Oxides

Results of X-ray Examinations on
Promoted Iron Oxides

Standard alpha Fe,0; Pattern.
Alpha Fe:0s plus Additional Lines.
Alpl];_;; Fez0; only.

0.

Do.

LA et
coow;

It will be seen from the foregoing table that the
ferroso-ferric oxide prepared in the foregoing
manner and containing from 0.5 to 5% by weight
of added aluminum oxide was in the alpha Fe:0;
crystalline form after drying and heating under
the aforesaid conditions. It will be apparent
that the alpha structure was formed under these
conditions when aluminum oxide was present.
These results are to be compared with the re-
sults given in Example I in which potassium
oxide was present and in which the X-ray dif-
fraction patterns show that the gamma Fe:0;
structure was stabilized.

Example X1

In this example catalysts were prepared as de-
scribed in Example X with the exception that the
catalyst contained both aluminum oxide and po-
tassium oxide. In this instance the potassium
oxide and aluminum oxide were added as aqueous
solutions of potassium carbonate and aluminum
nitrate to pulverized magnetic black ferroso-
ferric oxide in varying quantities to produce cata-
lysts on treating, as will be described, having dif-
ferent amounts of potassium oxide and aluminum
oxide. The thick pastes resulting {rom admix-
ture of the oxide and the aqueous solutions were
mulled and dried in a circulating oven at a tem-
perature of about 225° F. for about 24 hours.
Evolution of nitrogen oxide fumes was observed
during the drying operation. The dried material
was then pulverized, pelleted into 5’ pills,
heated for about 41% hours at a temperature of
1000° F. in the presence of air, and cooled in the
presence of air. The resulting Fe:O; samples
containing various amounts of K:CO; (reported

.
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mpl es I and X and which are well
:The diffraction patterns ob-

e 8t
giyen in the following table:

e

' Results of X-ray Examinations on
n - | Promoted Iron Oxides

‘| Standard alpha FesOs Pattern plus few
Additional lines.

Alpha Fes0s,

Gan]l)ma Fe:0:+alpha Fey0s.

oft will b‘e Eéeéh from the results in the foregoing
tablé it the X-ray diffraction patterns show
tHat When 5% by weight of aluminum oxide is

présenf dnd 0.2% of potassium oxide is present,.

Fe203 structure prevails, but as the

e ga
sirable form for use in- the practice of the present

_r(

invéntion
3 Example XII

h ofdér to illustrate further, the desirability
Jétipléying the alkali metal compounds as
stabiliZers in distinction to varying amounts of
ahimitiiiin oxide as stabilizers, a number of runs
wéfé i tiiade under the conditions given in Ex-
ampleé’TI in which the catalysts containing vary-
irfg"anounts of aluminum oxide were reduced in
thelsprésence of dry hydrogen gas for about
4 ‘hatirs at a temperature of 900° F. at atmos-
phei*»id" pressure, the hydrogen feed rate being
aintdined at 1000 volumes per volume of cat-
it2iC‘ron oxide containing aluminum oxide)
per Hour. The feed mixture comprising hydro-
gen and carbon monoxide in a ratio of 1:1 was
passéd over the catalyst at a feed rate varying
from 200 to 300 volumes per volume of catalyst
per hour and at a pressure of 150 per square
inch. The temperature of the catalyst bed was
controlled at 550° F.. The products were seg-
regated into a water phase, a liquid phase com-
prising hydrocarbons and oxygenated hydro-
carbons, and a gaseous phase comprising un-
reacted feed CO2 and gaseous hydrocarbons.
The yield data for the catalyst containing from
0 to 5% by weight of aluminum -oxide are given
in the following table:

Total Yields, ce./M.3
Per-Cent . of CO+Hz
Al:0s
Charge | Consumed
0 65 ]
1 90 110
2 100 120
5 55 75

It will be noted from the foregoing table that
with a catalyst such as described in Example
XII containing no aluminum oxide, the yields
of hydrocarbons and oxygenated compounds in
¢c.’s per cubic meter of carbon monoxide and
hydrogen charged and consumed were very
small. It will be seen that increasing amounts
of aluminum oxide in the catalyst increased the
yields slightly when 1 and 2% of aluminum oxide
were present but when 5% by weight of alu-
minum oxide were -present in the catalyst, lesser
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10

quantities of hydrocarbons and oxygenated or-

. ganic compounids were produced. The results

obtained in the example may be compared with

the results obtained in Examples II, III, IV, V,

VIII, andi IX, inclusive. On comparison it will

be observed that the presence of potassium oxide

as g stabilizer for the gamma, iron oxide struc-

ture gives appreciably higher yields than the

presence of aluminum oxide in a catalyst which

before reduction has an alpha iron oxide struc-

ture. -

We do not wish to be bound by any specific

theory in explanation of the results obtained

by the practice of the present invention. It is,
to be emphasized that it is essential in the prac-
tice of the present invention that the iron oxide

employed as a catalyst have as an intermediate

step in the process of its manufacture the step

of intermediate formation of gamma Fez03

crystals.

By way of hypothesis in explaining the ad-
vantages resulting from the practice of the pres-
ent invention, it may be stated that it is believed
that superior catalysts usually consist of ex-
tremely fine crystals which afford an enhanced
surface area. In the prior art wherein alpha
ferric oxide crystals were reduced to form the
catalyst, it is to be expected that the direct
reduction of the relatively large ferric oxide
crystals would yield relatively large iron crystals
or lower iron oxide crystals. On the other hand,
it is known that the crystalline structure of
Fe;0+ and gamma FeaO:; are closely similar.
X-ray diffraction data demonstrate that the
gamma Fez0: crystals formed as an intermediate
phase consist of extremely fine crystals of a size
well below the upper limit of the colloidal range
of particle size. It is believed that the stabi-
lizing compounds selected from the group con-
taining an element of alkali metals engenders
and stabilizes the gamma ferric oxide structure
which after reduction results in a catalyst of
higher activity and selectivity than heretofore
obtained from iron oxides.

While specific temperature ranges to which
the catalyst should be heated in the presence of-
oxygen and in the presence of hydrogen are given
in the range between 750° to 1400° F.,, actually
this temperature may vary widely within the
range given. For example, at 750° F'., the cata-
lyst may be subjected to heat treatment in the
presence of oxygen and a reduction treatment in
the presence of hydrogen for about 24 hours
whereas at intermediate temperatures in this
range, the time of contact will be considerably
less. For example, at around 1000° F., the time
of approximately 412 hours should be sufficient
whereas at higher temperatures of approximate-
1y 1400° P, a considerably shorter time will be re-
quired which may be as little as 10 to 30 minutes.
If higher temperatures than 1400° F'. are exceed-
ed, there is danger of the gamma iron oxide con-
talning the promoter reverting to an undesir-
able form. At temperatures as high as 1600° F.
the stabilizing effect of the alkali metal com-
pounds may be lost.

Although specific examples illustrating the
practice of the present invention have been
given, these examples are for illustrative purposes
only and are not intended to limit the scope of
the invention. It is to be understood that the
present invention is directed to a method for ob-
taining hydrocarbons and oxygenated organic
compounds involving contracting a mixture of
CO and Hs3 at suitable temperatures and pres-
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sures with a catalyst which, before reduction,
comprised a major portion of Fe:0z in the form
of gammas, oxide erystals and a minor portion of
an alkali metal compound stabilizer. It will be
apparent to a worker skilled in the art that while
specific examples of preferred temperature and
pressure ranges for conducting the operation
have been given, other conditions may at times
be desirable and may be employed without de-
parting from the scope of the invention.

It should be pointed out that although the im-
proved catalyst ordinarily is prepared from fer-
roso-ferric oxide, it also may be prepared from al-
pha iron oxide which may be in the form of mill
scale, pyrites ash, and hematite ore. Since alpha
FezOz cannot be converted directly to gamms
Fe10;, it is first necessary to reduce the alpha
oxide to the lower oxide Fe:O« by employing re-
ducing agents such as hydrogen and mixtures of

hydrogen and steam at elevated temperatures. :

After the alpha Fez0; has been reduced to FesOx,
& promoter such as one of the alkali metal oxides
may then be added thereto and the active cata-
lyst may be prepared as heretofore described:
namely, oxidized to gamma Fe20; and then the
gamma form reduced to the active catalyst. Al-
though it will generally be preferable to add the
promoter to the reduced alpha Fe:0s3, it may be
desirable in some cases to add the promoter to
the alpha Fez03 before the preliminary reduction
step. :

Having fully described and illustrated the prac-

tice of the present invention, what we desire to
claim as new and useful and to secure by Letters
Patent is: :
. 1. A method for preparing a catalyst adapted
for use in a Fischer-Tropsch synthesis consisting
of the steps of preparing an admixture of FezOq4
and an amount in the range between 1% and 15%
by weight calculated as the oxide of a compound
selected from the group consisting of the oxides,
hydroxides and carbonates of the alkali metals,
heating said admixture in the presence of a free
oxygen-containing gas at a temperature in the
range between 750° and 1400° ¥. to convert the
major portion of said FesO« to Fe:0: in the
gamma crystalline form and subsequently con-
tacting said heated admixture with g reducing
atmosphere at a temperature in the range be-
tween 750° and 1400° F. for a time ranging from
10 minutes to 24 hours.

2. A method for preparing a catalyst suitable
for use in Fischer-Tropsch synthesis comprising
the steps of preparing an admixture of Fe304 in
the form of powder and a sufficient amount of
solution to provide a catalyst containing an
amount in the range between 1% and 15% by
weight calculated as the oxide of a compound se-
lected from the group counsisting of the oxides,
hydroxides and carbonates of the alkali metals
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to form an aqueous paste, drying said paste to
form a solid cake, heating the cake in the presence
of a free oxygen containing gas at a temperature
in the range between 750° and 1400° F. to convert
at least a major portion of the FesO+ to Fez03
in the gamma crystalline form and subsequently
subjecting the heated cake to a reducing atmos-
phere at-a temperature in the range between 750°
and 1400° F. for a time ranging from 10 minutes
to 24 hours.

3. A method for producing a catalyst suitable
for use in the Fischer~-Tropsch synthests compris-
ing the steps of admixing Fe;O« in the form of
powder and a sufficient amount of solution to
provide a catalyst containing an amount in the
range between 1% and 15% by weight calculated
as the oxide of a compound selected from the
group consisting of the oxides, hydroxides and
carbonates of the alkali metals to form an
aqueous paste, drying the paste to form a solid
cake, heating the cake in the presence of a free
oxygen-containing gas at a temperature of the
order of 1000° F. to convert at least a major por-
tion of the FesOs to Fe20s in the gamma crystal-
line form and subsequently subj ecting the heated
cake to a reducing atmosphere at a temperature
of 900° F. for about 4 hours.

4. A method adapted for preparing a catalyst
for use in a Fischer-Tropsch synthesis consisting
of the steps of preparing an admixture of Fe;Os
and an amount in the range between 2 and 5 % by
weight calculated as the oxide of a compound se-
lected from the group consisting of the oxides,
hydroxides and carbonates of the alkali metals,

5 heating said admixture in the presence of a free

oxygen-containing gas at a temperature of ap-
proximately 1000° F. to convert the major por-
tion of said FesO« to Fez0; in the gamma crystal-
line form and subsequently contacting said heated

mixture with a reducing atmosphere at a tem-
perature of approximately 90° F. for about 4
hours.
WINFRED O. MILLIGAN.
JAMES C. SCHILLER.
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