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The present invention is directed to an im-
proved method for effecting the synthesis of
hydrocarbons and oxygenated organic com-
pounds from carbon monoxide and hydrogen.

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
under well defined conditions of temperature,
pressure, and contact time, these conditions be-
ing adjusted for the particular type of catalyst
being employed. The products obtained by the
reaction of carbon monoxide and hydrogen also
vary in type, conflguration, and molecular weight
depending upon the type of catalyst empioyed.
Paraffinic and olefinic hydrocarbons are the
usual products obtained in a reaction of this
type; by-products consist chiefly of water, oxy-
genated compounds and carbon monoxide. Ex-
perience has shown that the oxygenated com-
pounds are predominanily alcoholic 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-
esses for hydrogenating carbon monoxide to pro-
duce hydrocarbons using catalysts such as sin-
tered iron promoted with an alkali metal com-
pound and reduced in a hydrogen atmosphere,
or by the reduction or oxidation of iron or of
metals of the iron group in mixtures of hy-
drogen and steam. The crystal structure of the
several iron oxides is well known from the re-
sults ‘of X-ray diffraction examination. The
prior art workers have also employed as catalyst
for the Fischer synthesis process reduced FesOs
or reduced alpha ferric oxide; these catalysts
were prepared by reducing promoted FeiOs crys-
tals directly or by reducing alpha FeiOs crystals.

In accordance with the present invention, car-
bon monoxide and hydrogen are brought into
contact with an iron oxide type catalyst under
suitable temperatures and pressures to produce
high yields of hydrocarbons as well as oxygenated
organic compounds. The -iron oxide catalyst
employed in the present invention is prepared
by admixing iron oxide with an alkali metal pyro-
antimoniate such as sodium, potassium, or
lithium pyroantimoniate and then heating the
mixture of iron oxide and alkali metal pyroanti-
moniate in an oxidizing atmosphere and then in
a reducing atmosphere at an elevated temper-
ature prior to employment in the synthesis of
hydrocarbons from carbon monoxide and hydro-
gen,

Accordingly, the present invention may be de-
seribed briefly as involving the contacting of &
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mixture of hydrogen and carbon monoxide with
a catalyst which is obtained by subjecting to &
reducing atmosphere at superatmospheric tem-
peratures iron oxide either in the form of alpha,
gamma, or ferro-ferric oxide in admixture with
en alkall metal pyroantimoniate with the feed
gases being maintained under temperature and
pressure conditlons sufficient to cause the forma-
tion of substantial amounts of hydrocarbons and
oxygenated organic compounds,

It is preferred to contact the mixture of hy-
drogen and carbon monoxide with the catalyst
at & temperature in the range of 450° to 675° F.
and at a pressure within the range of 100 to
500 pounds per square inch gauge. It Is also
desirable 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 100 to 1500 volumes of feed per volume of
catalyst per hour.

The alkali metal pyroantimoniate employed
as a catalyst in the present invention is pref-
erably potassium pyroantimoniate; however, as
mentioned before, the sodium or lithium pyro-
antimoniates may suitably be employed under
some conditions. In preparing the catalyst em-
ployed -in producing hydrocarbons from carbon
monoxide and hydrogen, it is preferred to use
the alkali metal pyroantimoniate in admixture
with the iron oxide in an amount between 02
to 20% of the catalyst mass and the jron oxide
component in the amount between 80 and 99.8%
of the catalyst mass.

The catalyst mass employed in the present
invention may be formed In any convenient
manner and used in the synthesis of hydro-
carbons and oxygenated compounds from the
afore-mentioned feed mixture. As one method
of producing the catalyst mass, iron oxide in the
form of ferro-ferric oxide may be admixed with
substantially pure potassium pyroantimoniate
(KiSh201 and the admixture has added to it
sufficlent alcohol to permit mixing and to slurry
it to a thick, smooth paste. The paste is then
dried at about 107° C. to form a solid cake-like
mass which is ground to pass a 30 mesh screen,
redried, and formed into pills. The pilled ma-
terial is then heated in a free oxygen-containing
atmosphere at 1000° F. for about 432 hours and
allowed to cool to obtain the finished catalyst.

Preferably, before the catalyst prepared in the
foregoing manner is suitable for employment in
the synthesis of hydrocarbons and oxygenated
organic compounds from carbon monoxide and
hydrogen, it should be reduced by treatment with
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a réducing gas, such as hydrogen or carbon mon-
oxide, at a temperature of approximately 500° to
approximately 900° P, When hydrogen Is the
reducing gas, a temperature of about 700° F. and
a hydrogen gas rate of about 1000 volumes per
volume of catalyst per hour should be employed.
When carbon monoxide is the reducing gas, a

lower temperature of the order of 500° F. should:

be used.

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 &t the
pressure desired for the synthesis reaction fis
passed through an inlet line represented by the
numeral §{ into reactor (2, Within reactor 12
is arranged a catalyst mass (3 which has been
prepared by the oxidation and reduction of s
mixture of iron oxide and an alkall metal pyro-
antimoniate. Since the reaction of carbon mon-
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viscosity characteristics suitable for use as lubri-
cating oils. 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-
pounds from both the water and hydrocarbon
phases removed from settler (8; the more water-
soluble oxygenated hydrocarbons will be present -
In the water phase whereas the high molecular
welght 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 employlng 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 example,

20

oxide 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 cata-~
lyst bed within the limits required for optimum
conversion, a- space is provided between reactor
bed 18 and vessel 12 and a suitable fluid iIs passed
" into the space by inlet line 9 and withdrawn
through outlet 10 for controlling the temperature
of the catalyst bed.

The effluent from the catalyst bed {3 contain-
ing unreacted carbon monoxide and-hydrogen,
hydrocarbons and oxygenated compounds such
as alcohols, carbon dioxide and water is removed
through line 14 and passes through & cooling
means 5 wherein the major portion of hydro-
carbons and water are liquefled. The mixture is
withdrawn from cooling means 15 and discharged
into a settling means {6 where the total mixture
is separated into a hydrocarhon phase and a
water phase. Water is withdrawn continuously
from settler 16 through line 17 and the hydrocar-
bon layer is withdrawn continuously through line
18. Non-condensible materials contained In the
efffuent may be withdrawn from the top of sef-

tliing means 16 through line 19; these exit gases

may be conducted to a separation means, not
shown, In order to recover unreacted carbon
monoxide and hydrocarbon for recycling to the
reactor 12 or may be recycled to the reactor as
such,

The liquid hydrocarbon layer {s passed through
line 18 containing pump 20 and discharged into
a distilline means 21, heat being supplied by
heating coils 22 to heat the hydrocarbons therein.
Hydrocarbon fractions suitable for use as motor
fuels, Diesel fuel or components of lubricating
olls 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 & lubricating oil or as a
fuel ofl.

It will be recognized by those skilled in the art
that the hydrocarbons withdrawn from distilla-
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tion unit 21 may be employed for many purposes,

For example, light olefins, boiling in the range of
C4 and Cs hydrocarbons may be alkylated with an
isoparafiin, such as isobutane, in the presence of
_a sultable catalyst to produce a high octane mo-
tor fuel. The olefins are also especially valuable
since they may form the feed stock for polymeri-
zation to polymers having molecular weight and

70

7%

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 s suspension of cata~
1yst, commonly designated as a fluidized catalyst,
is well known, and, accordingly, the details of
such an operation will not here be given. The
catalyst employed in the process of our invention
lends itself well to use either in the form of pel-
lets or pills for the fixed bed type of operation
or to use as a flnely divided powder suspended
in a gaseous stream in the fluld catalytic synthe-
sis operation,

The invention will be further illustrated by
the following examples:

Example 1

In this example, a method is described for pre-
paring a catalyst mass suitable for employment
in the synthesis of hydrocarbons in accordance
with the present invention.

In describing the method for preparing ‘the
catalyst mass, reference is made to employment
of potassium pyroantimoniate, It is.to be un-
derstood that the description is given for illus-
trative purpose only. In preparing the potassium’
pyroantimoniate, 100 parts of potassium hydrox-
ide were heated in a sultable container until the
mass was fused. To the fused molten mass was
added gradually 12.6 party of Sb20s, following
which the mixture was heated for approximately
15 minutes and allowed to cool. The cooled re-
action mixture had added to it approximately 200
parts of distilled water and was then thoroughly
agitated and then filtered. The filirate was set
aside while the residue had added to it 100 parts
of molten potassium hydroxide. Additional
amounts of ‘potassium hydroxide to the extent
of 20 parts were then added and the total mix-
ture heated for about 15 minutes, cooled and
‘washed with 200 parts of distilled water. Fol-
lowing the washing treatment, the reaction body
was thoroughly stirred and refiltered. ‘The sec-
ond filirate was then combined with the first
filtrate, which was previously set aside, and the
combined fMltrates evaporated at a reduced pres-

sure at a temperature of. 50° C. until crystalliza- . .

tion occurred. The crystals, which sepa.rated .

were filtered free from the liquor and were sub-""

stantially pure potassium pyroantimoniate
(K«Sh207).

The crystalline material was further puriﬁed
by washing with absolute glcohol until sub-
stantially free of alkall,. The washed crystals
were dried at about 97° C. and then a selected

amount was added to & weighed amount of iron
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oxide such as ferro-ferric oxide, preferably an

amount of the purified pyroantimoniate sufficient”

to give a catalyst composition of 5% potassium
pyroantimoniate and 95% iron oxide, and the
resultant mixture, after the addition of suffi-
clent alcohol to permit mixing, was slurried. to
a thick, smooth paste. This paste was then dried
at 107° C. to form a solid cake-like mass which
was ground to pass a 30 mesh screen, redried
and formed into pills. The pilled material was
then heated in a free oxygen-containing atmos-
phere at 1000° F. for about 4% hours and al-
lowed to cool o obtain the finished catalyst.

Ezample I’

"The catalyst prepared in accordance with Ex-
ample I was treated with a reducing gas includ-
ing free hydrogen at 2 temperature of 700° F.
and a hydrogen gas rate of about 1000 volumes
per volume of catalyst per hour for 24 hours
following which it was employed to synthesize
hydroearbons and oxygenated compounds from a
feed mixture including one part of hydrogen and
one part of carbon monoxide at s temperature
between 550° and 575° F., a pressure of 150
pounds per square inch, and & feed rate of 200
volumes of feed gas mixture per volume of cat-
alyst per hour. The run was conducted for an
816 hour period during which time substantial
quantities of hydrocarbons, including oxygenated
organic compounds, and water, also including
oxygenated organic compounds, were produced;
the data presented in the following table show
the conditions employed in the run and the re-
sults of the inspections of the products. The
data included in the following table present high
and low flgures over the run period given with
respect to the operating conditions. The exam-
ination of the products represents the inspections
of the product produced over the run period for
which the conditions are given:

It will be apparent from the data in the fore-
going table and the inspection characteristics of
the products obtained that very good yields of
hydrocarbons and water were produced through-
out the operating period. The amount of hy-
drocarbons produced ranged from 158 cc. of Ct
and heavier hydrocarbons produced at the outset
of the run to as high as 221 cc. of Cs¢ and heavier
hydrocarbons per cubic meter of feed gas charged.
Similarly, substantial yields of water contalning
appreciable quantities of oxygenated organic com-
pounds were also produced.

The examination of the products showed that
the hydrocarbons produced contained appreciable
quantities of alcohols calculated as amyl alcohol,
and quantities of carbonyls and organic acids,
which contribute to the commercial utility of the
process.

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 obtaining
hydrocarbons and oxygenated organic compounds
Involving contacting a mixture of CO and Hz at
suitable temperagtures and pressures with a cate-
lyst which before reduction comprises a major
portion of iron oxide and & minor portion of an
alkali metal pyroantimoniate as a promoter. 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.

The catalyst and the preferred method for pro-
ducing the catalyst which Is disclosed in the pres-
ent application are claimed in my co-pending ap-
plication Serial No. 717,584, filed December 20,
1946.

Table

Temperature aee- 550 850 875
Pressure, p. 8. 1. € 150 150 150
Feed rate, v./v. /A oo - 200 200 200
Ha/CO ratio (Cg) 0.903-1.13¢ 0.003-1.00 0.881-0.906 0.906-1.068
Hours on stream. ... 01 120-240 240-338 226-456
CO conversion, mol per cent 95.6-07.0 83.6-95.0 8L7-86.3 02.0-%4.0
Output Yields, cc./M3 of Hj+CO cons.:

Cithydrocard 158-214 153-102 203-212 170-264

Water...... 3! 29-39 31-32 41-83
Hydrocarbon test data: ! .

Specific gravity. 0.7700 0.7788 0. 7604 0, 7068

Bromine number. . 3 8L.5

Alpha olefin 3. . 52.9
Beta olefin 2. - 30.6

‘Alpha/beta olefin ratio ... -.ccccee- . 11,87

‘Alcohol, welght per cent CiHnOH. ... - —— 12.5

Carbony), weight per cent (CyHp)s0O.... 3.02 63 5.98

Acid, weight per cent CAHyWCOOH ... 1,51 215 2.22
‘Water test dala;

‘Aleohol, weight per cent C:HyOH. 16.0 17.8 13.4

Carbony). welght per cent (CH»)2CO 128 201 2.04

Aclds, weight per cont CH3COOH.. 0.24 0.24 0.2t
Tomperature 13 875 576
Pressure, D. S. i. g 150 150 150
Feed rate, v./v./hr. 20 200 200
H,/CO ratlo (Cg)- 1085 oo 0.86-1.18
Hours on stream 458-576 576-608 696-816
CO conversion, mo] per cent 6.0 ceeevemmoee 58.7-80.4
Qutput zields, /M3 of Hy+CO cons.:

Cys+hydrocarb 176-214

Water... 360
Hydroesrbon test data: !

Specific gravit: 0. 7800

Bromine number... 53.0

Alpha olefin 2

Beta olefin 3._ -

‘Alpha/beta olefin ratio.

‘Alcohol, weight per cent CsHnOH

Carbony), weight per cent (C:H;)1CO .33 5.87 4.08

Acld, weight per cent CHCOOH 1.8 1.88 3.08
‘Water test data:

"Alcohol. weight per cent C:HiOH 13.6 16.4 14.87

Carbonyl, weight per cent (CH»)2CO. 186 1.63 0.78

Acids, weight per cent CHhCOOH. 0.18 0.15 0.24

1 Based on recovered liquid produet

3 Calenlated as bromine number based on olefin type determination by infrared sbsorption, uncorrected.

oxygenated compound interference,

g
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The nature and objects of the present inven-
tion having been fully described and Nlustrated,
what I wish to clalm as new and useful and to
secure by Letters Patent 1s:

1. A process for producing hydrocarbons and
oxygenated organic compounds comprising the
steps of contacting a gaseous mixture of carbon
monoxide and hydrogen at a . superatmospheric
temperature and pressure with a catalyst com-
prising a reduced mixture of & major portion of
iron oxide and a minor portion of an alkall metal
pyroantimoniate to form & product comprising
substantial amounts of hydrocarbons and OXy=-
genated organic compounds.

2. A process in accordance with claim 1 in
which the alkall metal is potassium.

3. A process for producing hydrocarbons and

ing a reduced
oxide and a minor amount of an alkali metal
pyroantimoniate under superatmospheric - tem-
perature and pressure to form & product com-
prising & substantial amount of hydrocarbons and
oxygenated organic compounds.

4. A process in accordance with claim 3 in
which the alkall metal is potassium.

§. A process in accordance with claim 3 in
which the iron oxide is alpha iron oxide.

6. A process in accordance with claim 3 in
which the iron oxide is gamma iron oxide.

7. A process In accordance with claim
which the iron oxide is ferro-ferric oxide.

8. A process for producing hydrocarbons and
oxygenated hydrocarbons including the steps of
passing a gaseous mixture of carbon monoxide
and hydrogen at & temperature within the range

3in
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of 450°'to 675° F. and & pressure in the range of

100 to 500 pounds per square inch gauge over &
catalyst prepared by the reduction of a mixture
comprising s major portion of iron oxide and a
minor portion of an alkali metal pyroantimoniate
to produce & substantial amount of hydrocarbons

40

8
and oxygenated organic compounds, removing
product from contact with the catalyst and recov-
ering hydrocarbons and oxygenated organic com-
pounds therefrom. : '

9. A process in gccordance with claim 8 In
which the catalyst comprises iron oxide in the
range of 80 to 89.8% of the catalyst and the
alkall ‘metal pyroantimoniate in the range of
0.2 to 20% of the catalyst.

10. A process for producing hydrocarbons and
oxygenated organic compounds including the
steps -of passing a gaseous mixture of carbon
monoxide and hydrogen at a temperature within
the range of 450° to 6756° F. and a pressure in the -
range between 100 to 500 pounds per square inch
gauge over a catalyst mass prepared by the reduc-
tion of & mixture comprising s major portion of
terro-ferric oxide and & minor portion of potas-
slum pyroantimoniate to obtain a substantial
amount of hydrocarbons and oxygenated organic
compounds as products, removing products from
contact with the catalyst, and recovering hydro-
carbons and oxygenated organic compounds
therefrom.

11. A process in accordance with claim 10 in
which the ferro-ferric oxide comprises 956% of
the catalyst and the potassium pyroantimoniate
comprises 5% of the catalyst.

MAX A. MOSESMAN.
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