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The present invention relates to the synthetic

production of hydrocarbons, oxygenated hydro-
carbons, and the like by the catalytic reduction
of carbon monoxide with hydrogen. More par-
ticularly, it is concerned with conducting this
reaction through the agency of new and im-
proved catalysts. )

It has been previously proposed to cause the
Interaction of carbon monoxide and hydrogen
through the agency of catalysts comprising
metals of group 8 of the periodic table particu-
larly metals of the iron group and ruthenium.
Of these, cobalt and iron have been most suc-
cessfully employed. They are characterized by
& relatively good selectivity being capable under
optimum temperatures and pressures of produc-
ing a predominance of hydrocarbons and oxy-
genated hydrocarbons in relatively narrow pre-
determined boiling ranges. While, for example,
-when operating to produce hydrocarbons pre-
dominantly in the motor gasoline range, there
is an undesirable production of lighter gaseous
hydrocarbons as well, nevertheless this undesired
product is not excessive in quantity if optimum

conditions of reaction are maintained. A tend-.

ency, moreover, particularly in the case of the
iron catalyst, to consume carbon monoxide in the
production of by-product carbon dioxide instead
of desired by-product water vapor ‘can also be
overcome, to some extent, by proper operation.
" ‘It is an object of the present invention to pro-
vide a new group of catalysts which, per se, are
effective for the catalytic synthesis of hydro-
carbons, oxygenated hydrocarbons and the like,
and provide an-dctive catalytic medium broadly

equivalent to the known catalysts discussed

above and, in some particulars, superior. An-
other object contemplates a process as above
wherein the reaction may be carried out with a
reasonably low production of undesired by-
products, particularly carbon dioxide and meth-
ane. Other objects will be apparent from the
following specification and claims. "

In accordance with the present invention a
fresh feed gas consisting essentially’ of hydrogen
and carbon monoxide advantageously in about
combining proportions, is passed in contact,
under reaction conditions, including an elevated
temperature and preferably although not neces-

sarily, elevated pressure, with a catalyst com- 5

prising a carbide of an element selected from the
class consisting of titanium, vanadium, chro-
mium, manganese, zirconium, columbium, molyh-
denum, masurium, hafnium, tantalum, tungsten,
thenium, thorium, protoactiniym
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The foregoing class of elements comprises the
elements of groups IVA, VA, VIA and VIIA of
the periodic table, More specifically, these ele-
ments include all of the transition elements in_
which an incompleted subshell or orbit of elec-
trons just within the outer partially completed
shell, contain from 2 to 5 electrons inclusive, In
view of the many current variations in interpre-
tations, and periodic arrangement of the ele-
ments, reference herein to the periodic table is
specifically intended to mean Mendeleeff’s Peri-
odic Table as set forth on page 411 of the “Text-
Book of Inorganic Chemistry” by Partington
(fifth edition). /

It has been discovered that the said carbides
of the elements in question are active for cata-
lyzing the reaction of carbon monoxide and
hydrogen, whereby hydrocarbons and oxygenated
hydrocarbons are formed. It has furthermore
been discovered that the catalystic action, in
general, proceeds, at appropriate temperatures,
with the activation of the carbon monozxide to
such an extent relative to the activation of the
hydrogen as to promote the formation of nor-
mally liquid hydrocarbons in preference to nor-
mally gaseous hydrocarbons. In short, it appears
that the catalysts in question have a general
tendency to predominantly activate the carbon
monoxide for the production of hydrocarbons
while relatively restricting the hydrogenating
effect so that polymerization of nascent CHa
units tends to precede the hydrogenation of indi-
vidual or only partially polymerized CHz groups
which would otherwise result in the formation of
material proportions of hydrocarbon gases.
Moreover, carbon dioxide production is usually
moderate, and in some cases more limited than
that characterizing ths earlier proposed cata-
lysts. It is to be understood, however, that the
foregoing theories are advanced only for the
purpose of better illustrating the principles in-
volved and are not intended as a limitation
herein, .

In any event, the invention has the advantage
of providing a process which materially limits
the relative production of gaseous hydrocarbons,
and tends toward the production of by-product
water vapor in place of carbon dioxide, with the
resulting conservation of carbon supplied to the
process. )

The catalysts in question may be employed
individually or in combination, or together with
other previously proposed catalysts and activa-
tors for the present process. In general the cata- .

and uranium. 85 lysts taught by the present invention when used,
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per se, embody numerous advantages including
those mentioned above. On the other hand, in
combination with conventional catalysts they
may tend, progressively, to modify the usual
effects in accordance with their individual char-
acteristics so that quantitatively intermediate re-
sults may be achieved. In short, the catalysts of
the present invention may be combined with
typical iron and cobalt catalysts. For example,
a suitable product comprising tungsten carbide
in combination with a typical iron catalyst may
be prepared by dissolving tungsten carbide in
molten iron and comminuting the resultant prod-
uct. Alternatively, an iron-tungsten alloy con-
taining g substantial proportion of tungsten may
be formed into a carbide Yy the well known
technique of cemented carbide formation. On
the other hand, a pure tungsten carbide by itself
or with suitable promoters or activators, is, per
se, active and valuable as a catalyst in the pres-
ent process. Other carbides of the elements in
question, such as zirconium carbide, vanadium
carbide, chromium carbide, manganese carbide,
thorium carbide and uranium carbide are equally
suitable as such or associated in any convenient
way with an iron, cobalt, nickel or ruthenium
catalyst of the type hitherto proposed.

In general the reaction in question proceeds
at elevated temperatures below 1000° F. consider-
ing broadly the entire field of catalysts disclosed.
It is to be understood however that the opti-
mum temperature in each case is a character-
istic best determined by trial for each specific
catalyst. In general it may be stated that, in
each case, the optimum range for the produc-
tion of liquid hydrocarbons boiling in the gaso-
line range will usually be between 400 and 700°
F. and typically at a temperature about inter-
mediate between the two. For example, tung-
sten carbide is effective as a catalyst at about
the range characteristic of the typical iron cat-
alyst for the reaction in question, making it quite
suitable as a component of a combination cat-
alyst including the aforementioned catalytic

iron. By itself, somewhat higher temperatures !

may be desirable, for example 650° F. or there-
abouts, and broadly in the range of 500 to 750°
F. The optimum temperature for uranium-car-
bide is similarly about 650° F. Similar remarks
apply to the case of the vanadium or thorium
carbide. = As, however, in the case of any specific
catalyst for the present process, the narrow,
truly optimum temperature can only be actually
determined by the usual, conventional procedure,
namely trial of a test sample.

Pressures are similarly determined, although
these do not appear to be highly critical since
reaction proceeds generally in the range of at-
mospheric up to 500 pounds per square inch or
higher. Usually the optimum pressures will be
somewhat elevated, as for example, 100 to 300
pounds per square inch. Here again the op-
t'mum pressure, in common with hitherto known
catalysts, will vary not only with the particular
catalyst, but in accordance with the specific
product desired. Also, by -selection of temper-
ature and pressure, some degree of flexibility is
available in regard to directing the process to-
ward predominant production of oxygenated hy-
drocarbons, or hydrocarbons free from oxygen
atoms as may be desired. Similarly the selec-
tion of appropriate temperatures, in particular
results in reaction products of predetermined
average molecular weight. That is to say, for
instance, higher temperatures than those indi-
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cated above usually result in hydrocarbons or
oxygenated hydrocarbons of lower molecular
weight, while conversely lower temperatures,
tend toward products of higher molecular weight.

Contact time is similarly determined, and in
most cases is not critical, the reaction going for-
ward rapidly under conditions of good temper-
ature control and under low or high space
velocity as may be desired.

The apparatus which may be employed will
not be described in detail here for the reason
that it may follow the design of any of the typi-
cal processing equipment hitherto known and
proposed for the catalytic synthesis of hydro-
carbons by the reduction of carbon monoxide
with hydrogen. One arrangement which has
been found suitable involves passing of the re-
actant gases upwardly through a mass of pow-
dered catalyst maintained in g state of dense
phase fluidization thereby, with suitable cooling
surfaces immersed in the fluidized mass and
maintained at an appropriate temperature such
that the catalyst bed has a uniform predeter-
mined temperature throughout corresponding
to the desired reaction temperature.

The feed gases may consist of any of the usual
compositions for the reaction in question con-
taining essentially hydrogen and carbon mon-
oxide, generally in the ratio of approximately
2:1. On the other hand, the proportioning of
the reactants is not critical and may be varied
widely ‘insofar as both of the essential reactants
are present in the initial feed in an amount
sufficient to form the desired products. This
means that any other usual components of syn-
thesis gas may be present either as inerts or for
their usual additive function, although prefer-
ably in minor or limited proportion. Such for
instance are methane, carbon dioxide, nitrogen
and the like.

In accordance with one specific embodiment
submitted in order to illustrate the specific prac-
tice of the present invention in greater detail,
a mass of tungsten carbide in the form of a
powder passing through a 325-mesh screen is
placed in a reaction vessel and a reactant gas
comprising about 64% hydrogen and about 32%
carbon monoxide is passed upwardly there-
through at a linear velocity of about 1.5 feet
per second to maintain the carbide in a condi-
tion of dense phase fluidization.

Temperature is maintained at 650° F. within
the mass of catalyst by suitable cooling surfaces
immersed therein, and the efluent gases re-
moved from the upper surface of the fluidized
mass of catalyst are cooled to 70° F. and sub-
jected to separation to remove normally liquid
products.

The normally liquid products are permitted: to
gravitate into a water layer and an oil layer.
The oil layer, comprising predominantly liquid
hydrocarbons . boiling in the. motor gasoline
range, corresponds overall to about 75% of the
carbon monoxide converted in the reaction. The
gaseous products separated from two liquid
layers contain carbon dioxide corresponding to
about 5% of the converted carbon monoxide, and
gaseous hydrocarbons corresponding to ahout
129% of the converted carbon monoxide. The
other 8% of the converted carbon monoxide goes
into oxygenated products.

In another example, otherwise the same as
the first above mentioned, the tungsten carbide
is substituted by a mass of powdered catalyst
consisting of iron and tungsten carbide formed
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. _ 5"
by carbiding an alloy consisting of about equal

parts of fron and tungsten. In this case the
vield of liquid hydrocarbons drops to the region

of 65% based on the converted carbon monoxide
and carbon dioxide occurs in the effluent gases
in an amount equivalent to about 10% of the
converted carbon monoxide.

From the foregoing it will be apparent that
the present invention provides a new and im-
proved process and catalyst for the formation
of hydrocarbons, oxygenated hydrocarbons, and
the like by the catalytic reduction of carbon
monoxide with hydrogen. .While disclosed above
essentially in the unsupported state, these cata-
lysts are equally adaptable to embodiment with
the conventional carriers, such as diatomaceous
earth, filter-cel and the like, and may be de-
posited and prepared thereon in any conven-
tional manner, - :

Obviously many modifications and variations
of the invention as hereinafter set forth may
be made without departing from the spirit and
scope ‘thereof, and therefore only such limita-
tions should be imposed as are indicated in the
appended claim. -

I claim: . ) i

A process for the production of normally liquid
hydrocarbons which comprises passing a mixture
consisting essentially of hydrogen and carbon
monoxide into a reaction zone into contact with
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& catalyst consisting essentially of a tungsten
carbide at a temperature within the range of
from about 400 to about 700° F. and at a pres-
sure within the range of from about atmospheric
to about 500 pounds per square inch, and re-
covering liquid hydrocarbons from the resulting

.products of reaction.

WALTER G. FRANKENBURG.
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