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The present invention relates to hydrogena-
tion processes and to novel catalysts especially
adapted to carry out such processes. In a more
barticular aspect it relates to novel catalysts for
the synthesis of hydrocarbons from carbon mon-
oxide and hydrogen, and to a process for such
synthesis wherein such catalysts are utilized.

Metals and metal sulfides have in general, found
wide use as hydrogenation catalysts particularly
in the hydrogenation of mineral, animal, or vege-
table oils, in the hydrogenation of unsaturated
hydrocarbons, destructive hydrogenation, or in
the hydrogenation of carbon monoxide to form
C: and Cz with small amounts of C; hydrocarbons.

It is known that mixtures of carbon monoxide
and hydrogen may be converted under ordinary
or elevated pressures and at elevated tempera-
tures over a suitable catalyst to form liquid hy-
drocarbons and varying minor amounts of oxy-
gen-containing materials. Catalysts for this re-
action ordinarily include metals of the eighth
group of the periodic system, such as iron, cobalt,
nickel and ruthenium. These metals may be used
alone as catalysts but other metals or compounds
are frequently added as promoters. Such pro-
moters include oxides of thorium, chromium, zine,
beryllium, uranium, silicon, magnesium, manga-
nese, molybdenum, tungsten, aluminum, copper
and cerilum. The metals of the eighth group,
alone or promoted, are of general value as hydro-
genation catalysts.

In accordance with the present invention, it
has been found that a highly active catalyst espe-
cially suitable for hydrogenation reactions may
be obtained by associating with molybdenum di-
sulfide, an alkaline promoter such as an alkaline
compound of an alkali metal, for example the
oxide, hydroxide or the carbonate. Molybdenum
disulfide, although an active catalyst with respect
to methane formation in the conversion of car-
bon monoxide-hydrogen mixtures, does not direct
the reaction toward the formation of normally
liquid products. Thoria, alumina, chromia, etc.,
which are commonly accepted Fischer-Tropsch
catalyst promoters exert no influence on the re-
action catalyzed with molybdenum disuifide. It
has further been found in accordance with the
present invention, that molybdenum disulfide
when promoted with minor proportions of an
alkaline promoter of the type described, is an
active catalyst for the formation of normally
liquid hydrocarbons and oxygen-containing com-
pounds via the Fischer-Tropsch reaction.

It is, therefore, an object of the present inven-
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tion to provide a catalyst for hydrogenation reac- 85
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tions which comprises essentially molybdenum
disulfide promoted with minor proportions of an
alkaline material. It is a further object of the
present invention to provide a novel catalyst for
the formation of normally liquid hydrocarbons
and organic oxygen-containing compounds by the
conversion of carbon monoxide-hydrogen mix-
tures utilizing such a catalyst. It is an addi-
tional object of the present invention to provide
& process for the hydrogenation of organic com-
pounds and for the hydrogenation of carbon mon-
oxide utilizing ‘a molybdenum disulfide catalyst
promoted with minor proportions of an alkali.
A further object of the present invention is the
provision of a molybdenum disulfide catalyst pro-
moted with minor proportions of an alkaline
alkali metal compound particularly adapted for
the synthesis of normally liquid hydrocarbons
from carbon monoxide-hydrogen mixtures,

In preparing the novel catalyst of the present
invention molybdenum disulfide is admixed with
& desired proportion of the alkaline promoter,
which is an alkali metal compound having an
alkaline reaction, or one which leaves as a residue
the corresponding alkali metal oxide on decom-
position of the compound. Such alkali mesal
compounds include the hydroxides and carbonates
such as sodium and potassium hydroxide and
sodium and potassium carbonate as well as the
corresponding oxides. If desired both the disul-
fide and alkaline material may be incorporated
on a porous or other support.as by mixing, im-
pregnation, or deposition.

In general, the promoter is incorporated in
minor proportions, with a preferred range of
about 0.5 to 5 weight per cent of the disulfide.
Other hydrogenation catalysts may be admixed
with the promoted disulfide but the promoted
disulfide is preferably used alone. When utilized
for the synthesis of liquid hydrocarbons and 0Xy~
genated components, a synthesis gas mixture of
CO and H: in the proportions of about 2 volumes
of hydrogen for each volume of carbon monoxide
is preferred although the H/CO ratio may vary
from 1:1 to 3:1. The reaction temperature for
hydrocarbon synthesis is in the range of 400-600°
F, with a preferred range of 475-550° . Pres-
sures of atmospheric or higher may be used, for
example up to 100 atmospheres or higher. In
general low superatmospheric pressures are pre=
ferred,

The following is a tabulation of data obtained
when operating with the unpromoted molybde-
num disulfide, molybdenum disulfide with chro-
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mia, molybdenum disulfide with thoria and mo-
lybdenum disulfide with alumina. It is seen from
these data that the unpromoted catalyst was
highly active with respect to methane formation
but that liquid product formation was nil. The
data further illustrate the ineffectiveness of the
oxides of chromium, thorium and aluminum as
promoters. )

4
num disulfide promoted with a minor porportion
of an alkaline compound of an alkali metal.

3. A process according to claim 2 wherein the
disulfide is promoted with a minor proportion of
potassium hydroxide.

4, A process according to claim 3 wherein the
potassium hydroxide is in the proportion of 0.5
to 5 per cent of the disulfide by weight.

Per Cent Con-
verted Ct? g:*x_xo
8 PerCent CO| Yerted
Catalyst °F. | P.8.ig |ye ocity | Conversion %mm
Compounds
MOSaccoreememcnana- 480 200 0 57 0
.............. 540 200 88 95 0
DO.ooocacmannn 770 200 100 g8 0
Mo08s—28% ThOs....} 480 200 113 None 0
550 200 108 9 0
650 200 108 98 0
MoSs—25% CryOs...| 485 200 80 85 0
540 200 103 97 0
Mo8s—30% Al130s...| 475 200 83 48 0
535 200 107 98 0
Liquid product was obtained when ope{lating with 2 to 3 per cent KOH on MoB:as
shown
MoS:s—2-3% KOH..| 530 200 183 69 30

A fractional distillation of the liquid product
obtained in the test using the catalyst of this
invention indicated the following composition:

Component Mol Per Cent

Cs... N 1
Cyi's 1
Cs's -- 22
40-57° Caceoeeeeeen 22
57-67° C... - 2
71-85° C__. ———- 4
Above 85° C.oeeereccacanee 11
100

Hydrogenation of unsaturated hydrocarbons,
vegetable oils, and the like, may be carried out
with highly effective results utilizing the same
catalyst, under hydrogenation conditions known
to the art.

I claim: ’

1. A process for the hydrogenation of oxides of
carbon which comprises contacting said com-
pounds under hydrogenating conditions with a
catalyst comprising a major proportion of molyb-
denum disulfide and a minor proportion of an
alkaline compound of an alkali metal.

2. A process for the synthesis of normally
liquid hydrocarbons and organic oxygenated com-
pounds from carbon monoxide and hydrogen
mixtures which comprises contacting such mix-
tures under conversion conditions with a cata-
lyst comprising a major proportion of molybde-
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5. A process for the synthesis of normally liquid
hydrocarbons and organic oxygenated compounds
which comprisés contacting a gaseous mixture
comprising hydrogen and carbon monoxide with
a catalyst comprising a major proportion of mo-
lybdenum disulfide promoted with a minor pro-
portion of an alkaline compound of an alkali
metal at a temperature within the range of 400
to 600° F. and at a superatmospheric pressure not
above 100 atmospheres.

6. A process according to claim 5 wherein the
gaseous mixture contains hydrogen and carbon
monoxide in a volume ratio within the range of
1:1 to 3:1. :

7. A process according to claim 5 wherein the

45 molybdenum disulfide is promoted with potas-
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sium hydroxide in the proportion of 0.5 to 5 per
cent by weight of the disulfide.
8. GRANT STEWART.
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