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[57] ABSTRACT

A process for synthesizing light paraffinic hydrocar-
bons particularly C,-Cs in carbon number, from CO
and Hj is described utilizing novel face-centered cubic
molybdenum oxycarbonitride catalyst.

11 Claims, 3 Drawing Figures
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CO HYDROGENATION PROCESS USiNG
MOLYBDENUM OXYCARBONITRIDE CATALYST

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part application
of Ser. No. 216,542 filed Dec. 15, 1980 now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a process for synthesizing
light paraffinic hydrocarbons from CO and H by con-
tacting mixtures thereof with face-centered cubic mo-
lybdenum oxycarbonitride catalyst, having high activ-
ity.

2. Brief Description of the Prior Art

CO hydrogenation, including the Fischer-Tropsch
synthesis is well-known in the art for producing a broad
range of gaseous liguid and solid hydrocarbons includ-
ing methane (Cj) to Cyo and higher carbon chain num-
bers. The process usually uses iron-based catalysts pro-
moted with various agents such as potassium carbonate
and the like to improve product distribution and selec-
tivity.

New catalysts for the process are constantly being
searched for and evaluated in order to improve the
selectivity of the process for producing a particular
range of hydrocarbons for example, C3~Cs, and to stabi-
lize this selectivity over a broad range of operating
parameters.

SUMMARY OF THE INVENTION

It has been found that molybdenum oxycarbonitride
is an excellent catalyst for use in CO hydrogenation
utilizing mixtures of CO and Hj, for selectively produc-
ing light paraffinic hydrocarbons in high selectivity and
activity over a broad range of operating process vari-
ables.

The catalyst in the process exhibits high activity at
low Hy/CO ratios, which means that the catalyst can
operate efficiently on carbon monoxide product streams
from gasification of refractory carbon as directly pro-
duced. Second, the catalyst shows substantial selectiv-
ity for producing light paraffinic hydrocarbons, particu-
larly C,-Cs paraffins, which could be used as a clean
storable fuel or as a feedstock for steam cracking. Third,
this selectivity for C2-Cs products is maintained over a
broad reaction temperature range. This stable product
distribution with increasing reaction temperature al-
lows higher temperature operations with attendant opti-
mum reaction rates, surprisingly without substantial
increases in methane production.

In accordance with this invention there is provided a
process for preparing paraffinic hydrocarbons including
linear and branched C;-Cgcarbon chain numbers com-
prising contacting a gaseous mixture of CO and Hzin a
CO/H; volume ratio of 10:1 to 1:10, respectively, with
a catalyst comprised of face-centered cubic molybde-
num oxycarbonitride, in which the interstitial oxygen,
carbon and nitrogen atoms are distributed throughout
the bulk structure, at a temperature of about 100° to
600° C., a pressure of about 0.1 to 100 MPa, and a space
velocity of about 100 to 50,000 v/v/hr., and recovering
product paraffinic hydrocarbons.

35

40

45

50

55

60

65

2

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 depicts comparative X-ray powder diffraction
patterns on the same scale of:

(a) pyrophoric molybdenum oxycarbonitride (under
Kapton film) obtained by the thermal decomposition of
ethylenediammonium molybdate in a helium atmo-
sphere at about 650° C.; and

(b) passivated molybdenum oxycarbonitride, ob-
tained by contacting the pyrophoric form at room tem-
perature with an atmosphere of oxygen/helium. Also
illustrated are the peak indices based on the standard
cubic unit cell. ‘

FIG. 2 is a schematic representation of the face-cen-
tered cubic molybdenum oxycarbonitride crystal struc-
ture, illustrating the metal atom (M) and heteroatom (H)
substructures.

FIG. 3 depicts a thermogram (A) and its derivative
(B) illustrating the decomposition of an ethylenedi-
amine adduct of molybdic acid to molybdenum oxycar-
bonitride as obtained by thermogravimetric analysis.

DESCRIPTION OF THE INVENTION AND
PREFERRED EMBODIMENTS

The subject of this invention is a process utilizing said
molybdenum oxycarbonitride in producing light paraf-
finic hydrocarbons from mixtures of CO and Hj. Espe-
cially noteworthy is the ability of the novel catalyst to
selectively produce C2-Cs hydrocarbons under hydro-
gen-deficient conditions, i.e., greater than 1:3 CO/H;
volume ratios, and to selectively produce this particular
hydrocarbon distribution under a wide range of process
conditions at high catalyst activities.

The catalyst composition, useful in the process is
molybdenum oxycarbonitride which belongs to a gen-
eral class of materials including interstitial carbides and
nitrides which, because of their physical nature, are
often not capable of being precisely defined in terms of
unique compositional properties as are for example,
organic compounds. Interstitial carbides and nitrides, as
a class, are generally comprised of two interpenetrating
substructures: a metal atom substructure and hetero-
atom substructure. The metal atom substructure domi-
nates X-ray scattering, predominately determines the
X-ray diffraction pattern, and forms a polyhedral array
within which the heteroatoms occupy certain positions
in the polyhedral interstices, for example, as depicted in
FIG. 2. Generally, the metal atom substructure in this
class of material differs from the metal atom arrange-
ment in the pure metal, which is usually evidenced by a
difference in the X-ray powder diffraction patterns of
the materials. However, usually in both cases there is a
periodic ordering of the metal atoms. By contrast, the
heteroatom substructure may or may not exhibit a peri-
odic ordering and as a further complicating factor, can
in general accommodate a varying number of heteroat-
oms vacancies. Thus, materials in this class of com-
pounds generally exhibit nonstoichiometry with respect
to the number of heteroatoms in the interstitial substruc-
ture which renders precise definition of the heteroatom
substructure very difficult. Further, several different
metal atoms substructure arrangements are possible for
a given empirical formula. Consequently, this class of
materiais usually exhibits complex phase diagrams, for
example, as is known for molybeenum carbide and tung-
sten carbide. Thus, precise and complete structural
characteriziation of this class of material is a difficult
task since the materials, in addition to their nonstoichio-
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metric nature, may also be air-sensitive, pyrophoric,
high-melting, and insoluble in standard organic sol-
vents.

With the above discussion as a background, analysis
by X-ray diffraction, elemental analysis and thermo-
gravimetric analysis, indicates that the metal atom sub-
structure of molybdenum oxycarbonitride prepared by
the process described herein is reasonably believed to
be represented as a face cubic-centered lattice as illus-
trated in FIG. 2. Within the face-centered cubic sturc-
ture of molybdenum oxycarbonitride, as illustrated in
FIG. 2, it is believed that each heteroatom site is sur-
rounded by six molybdenum atoms while each molyb-
denum atom, in turn is surrounded by six heteroatom
sites. Thus, the ratio of the number of the heteroatom
sites to the number of molybdenum atoms is ideally 1:1.
Assuming a random distribution for oxygen, carbon and
nitrogen atoms, as well as complete occupancy ofall
heteratom sites in the heteroatom substructure, leadsto
the ideal empirical formula: for the composition:
Mo0O1 /3 Ci/3 Ni/3. (Amorphous material will vary from
this formula due to differences in the number of hetero-
atom sites as compared to the crystalline structure.)
However, since the material can probably support a
varying number of heteroatom vacancies within ‘the
heteroatom substructure as discussed above, and fur-
thermore, since the ratio of O:C:N atoms, during syn-
thesis would not be expected to be incorporated: in
exactly a 1:1:1 ratio, it follows that elemental analysis
indicates only a general overall heteroatom content and
that the ratio of O:C:N will vary to a great extent in the
composition. '

Within this context, the formula of the novel crystal-
line composition is MoO,CpN,, where a, b and c are
non-zero decimal values and the sum: a4b+c, due to
nonstoichiometry and difficulty in exact measurement,
is less than or equal to about one. (The sum of one being
the ideal case under the conditions of exact measure-
ment and complete occupancy of the heteroatom sites.)
The ranges for the individual decimal values of a, b and
c can vary then, as described above, with the proviso
that each individual value is greater than zero and the
sum: a-b+-c, is not greater than about one for the pure
composition.

A particular example, described herein, is
Mo00Q0.43Cp.31Np.33, prepared by the decomposition of
ethylenediammonium molybdate, whose X-ray diffrac-
tion pattern is illustrated in FIG. 1.

Molybdenum oxycarbonitride is generally pyro-
phoric when freshly prepared by the process described
herein and in order to stabilize the material for use as a
catalyst, it is usually necessary to passivate it by surface
oxidation at room temperature by conventional tech-
niques. For example, the passivating step can be con-
ducted by contacting the pyrophoric material with a
stream of oxygen/helium at room temperature in stages
of increasing oxygen concentration from about 2 to 10
volume percent or higher to yield, for example,
Mo0g.99Co.31Np.33, whose X-ray diffraction pattern is
illustrated in FIG. 1(B).

X-ray diffraction analysis (see FIG. 1) also is consis-
tent with the high surface areas of the obtained compo-
sition. Surface areas, as measured by the well-known
argon BET method, can be on the order of about 10 to
160 m2/g and higher, preferably 60 to 130 m2/g, and
particularly preferred about 100-130 m2/g, and this is
evidenced by relatively wide peak half-widths in the
X-ray diffraction pattern of FIG. 1(A). Here, a crystal-
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4
lite size of about 30 to 40 Angstroms is inferred from the
observed half-widths. Generally, for .catalysis, at least
60 m2/g surface areas and higher are generally pre-
ferred.

The catalyst composition can exist in amorphous,
poorly crystalline, or crystalline forms which can be
evidenced by their respective X-ray diffraction pat-
terns. I ’

By the term “amorphous” is meant an X-ray diffrac-
tion pattern exhibiting essentially a straight line. By the
term “poorly crystalline” is meant an X-ray diffraction
pattern exhibiting distinct yet broad scattering peaks, as
depicted in FIG. 1(A). By the term “crystalline” is
meant X-ray diffraction pattern, exhibiting very sharp
scattering peaks. In general, large particle size crystal-
line' materials exhibit narrow diffraction lines and amor-
phous material exhibit very broad diffraction lines. Fur-
ther, it is reasonably believed that the amorphous mate-
rial, when heated or caused to undergo particle size
growth, will-exhibit the face-centered cubic structure in
the final .crystalline form.

-Molybdenum oxycarbonitride prepared by the pro-
cess described herein is generally a black powder, hav-
ing a very high melting point, is extremely insoluble in
common. organic solvents, is air and water-sensitive,
generally has a crystallographic density of about 8.0 to
10.1 g/cm3, and is usually pyrophoric at room tempera-
tures. The lattice parameters exhibited by poorly crys-
talline molybdenum oxycarbonitride, prepared by the
preferred process, is in the range of about 4.1 to 4.4
Angstroms and can be influenced by the particular
atmosphere used as described below.

Also described herein is a process for preparing the
catalyst composition.. Generally, the process comprises
thermally decomposing an aminemolybdate at elevated

‘temperature, under a nonoxidizing atmosphere, prefera-
‘bly a reducing atmosphere, wherein said amine contains

at least one single bond C—N grouping, and recovering
the resulting molybdenum oxycarbonitride. -

By the term “molybdate”. as used herein is meant
molybdates, polyoxomolybdates, including those

formed from molybdic acids, oxides and acid anhy-

drides, of the formulae: M0oQO3.xH»0, HoMoOQO4, HoMo-
207, HoM03010, HeM07024, H4M03gO26 and the like.

By. the term ‘“‘amine molybdate” as used herein, is
meant a compound, salt, complex, or adduct formed
between the interaction of an amine and respective
molybdic acid, oxide or anhydride as described herein.

Amines that are operable in forming the catalyst com-
position are alkyl amines, alkylenediamines and aro-
matic amines that preferably contain 1 to 20 carbon
atoms and contain at least one single bond C—N group-
ing. The reason why this structural limitation is neces-
sary in the process is not clear. One theory that we do
not wish to be bound by is that the single bond C—N
grouping enables both the carbon and nitrogen frag-
ments of the amine to be simultaneously incorporated
upon decomposition into the final oxycarbonitride.
Thus, pyridine and ammonia are inoperable as the
amine components of the amine molybdate in the pro-
cess, whereas 4-ethyl-aminopyridine and ethylamine are
operable amine components.

The alkylamines and alkylenediamines may be linear
or branched and may also contain substituents which
are inert under the reaction conditions, e.g., alkoxy or
halogen. The aromatic amines may also contain substit-

.uents on the aromatic ring which are inert under the

reaction conditions, e.g., alkoxy or halogen.
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Representative examples include ethylenediamine,
butylamine, ethylamine, diethylamine, di-n-butylamine,
trimethylamine, triethylamine, 1,3-cyclohexane bisme-
thylamine, aniline, 4—ethylaminopyridine and the like,
and mixtures thereof. A preferred amine in the process
is ethylenedramme

The amine molybdate is treated in the process by
subjecting the compound to a temperature sufficient to
cause thermal decomposition. By the term “thermal
decomposition” is meant the process of thermal rear-
rangement of the compound involving usually carbon-
carbon, carbon-nitrogen, molybdenum-oxygen and also
carbon-hydrogen bondbreaking, thereby resulting in
molybdenum oxycarbonitride. Temperatures at which
thermal decomposition of the operable amine molyb-
date occurs depends upon the particular amine molyb-
date employed and is usually in the range of about 150°
to 800° C., preferably about 300° to 700° C., and particu-
larly preferred about 500°-600° C

- The* thermal “decomposition  is conducted under a
nonoxidizing atmosphere, which can be inert and/or
reducing in nature, preferably reducing, and includes
hydrogen, carbon monoxide, helium and the like, and
mixtures thereof. In the process there is preferably a
substantial absence of elemental oxygen and water at
temperatures above 150° C. during thermal decomposi-
tion.

It has been found that in the case of ethylenedlam-
monium molybdate, the compound can be thermally
decomposed, if desired, in an atmosphere: substantially
comprising exclusively helium. However, with other
amine molybdates an atmosphere containing some hy-
drogen gas is usually necessary. Preferably, a small
amount of hydrogen gas is used to counteract small
traces of oxygen or moisture which may be present in
the process atmosphere. The process atmosphere pref-
erably contains about 25 to 50 volume percent Hj in
admixture with helium or carbon dioxide..

The process atmosphere can be maintained at atmo-
spheric pressure, under reduced pressure, or greater
than atmospheric pressure. Preferably the thermal de-
composition is conducted at atmospheric pressure. The
process atmosphere can be continuous and dynamic as
in a constant flowing stream or used in a tube furnace or
can be a static atmosphere as present in an autoclave.
Preferred is a constant flowing stream of the atmo-
spheric gaseous mixture. .

Space velocity of the inert/reducing gas in a flowing,
dynamic atmosphere is not critical and can be conve-
niently conducted in the range of about 100 to 50,000
v/v/hr. What is important is that the flow of gas should
be sufficient to sweep away gaseous by-products from
the reaction zone and to maintain a sufficiently high
concentration of reducing atmosphere in the vicinity of
the amine molybdate.

Apparatus for carrying out the thermal decomposi-
tion may be any conventional type known to those
skilled in the art and include stainless steel and glass
tube furnaces, autoclaves, and the like.

The catalyst composition as used in the process also
can be unsupported or supported on conventional mate-
rials which are inert under the process conditions. Rep-
resentative examples of suitable supports are alumina,
silica, titania and the like. If supported, the catalyst
support can be present in conventional amounts.

The process is conducted by contacting a mixture of
carbon monoxide and hydrogen with the above-
described catalyst in a conventional reactor. Represen-
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tative types of reactors and apparatus that can be em-
ployed are glass and stainless steel reactors that are
vertical, horizontal or down-flow types which utilize
the catalyst as a fixed bed, fluid bed, slurry and the like.

The catalyst is generally pretreated at an elevated
temperature in a reducing atmosphere for a period of
time prior to the process. In general, since the catalysts
are generally pyrophoric in air, the passivated catalyst
is initially charged to the reactor, and converted to the
more highly active non-passivated form in situ. For
example, passivated material having a surface area of
about 98-100 m2/g (argon) is reasonably believed to be
converted to the active catalyst during Hj pretreatment
having a surface area of about 130 m2/g. See Example 2.
The temperature, atmosphere and time required are
conventional in the art. A set of conditions which was
found to be effective was pretreatment at 450° C. in a
hydrogen atmosphere, at a space velocity of about
10,000 v/v/hr. for a time of about 2 hours. Other sets of
conditions will be obvious to one skilled in the art.

The gaseous mixture of CO and Hj is used in a
CO/H; volume ratio of 10:1 to 1:10, respectively, and
preferably a 1:3 to 2:1 ratio. Particularly preferred is a
1:1 or CO/H; volume ratio, for example, as obtained
directly from a coal gasification process.

The CO and hydrogen gases used in the process can
also be commercially available, for example reagent,
technical or industrial purity and can contain small
amounts of other gases which are inert undér the reac-
tion conditions such as nitrogen, argon or helium,
which can also be used as carrier gases in the process.

The temperature of the process is generally con-
ducted in the range of about 100° to 600° C., and prefer-
ably about 225°-450° C.

The pressure of the CO/Hj; feedstream in the process
is generally carried out in the region of about 0.1 to 100
MPa and preferably about 0.1 to 3.0 MPa (1 atmosphere
being equivalent to 0.1 MPa).

The space velocity of the CO/H; feedstream (includ-
ing carrier gas, if used) in the process is generally car-
ried out in the range of about 100 to 50,000 v/v/hr. and
preferably about 1000 to 5000 v/v/hr.

Product hydrocarbons are collected, separated and
purified by conventional methods in the art.

The product paraffinic hydrocarbons include linear
and branched C1-Cip hydrocarbons, preferably being
linear, and include methane, ethane, propane, butane,
pentane, hexane, heptane, octane, nonane, decane, iso-
octane, neodecane, isopentane, neopentane and the like.
Preferred are C;-Cs in carbon number, being ethane,
propane, butane and pentane, and mixtures thereof, as
the main products in the process. Methane is also sub-
stantially produced in the process.

Yields in the process of paraffinic hydrocarbons can
also vary depending upon the exact conditions em-
ployed. Yields of combines C;-Cs hydrocarbons can be
about 30-70 wt. % of total hydrocarbons and higher.
Yields of methane can be about 30-70 wt. % of total
hydrocarbon produced also. By the term “mainly com-
prised” as used herein is meant that about 30-70 wt. %
of total hydrocarbons produced are comprised of eth-
ane, propane, butane, pentane, and mixtures thereof.

Percent CO conversions can vary in the process,
depending upon the specific conditions employed, and
can be in the range of about 20-80% and higher. Higher
pressures generally lead to greater % CO conversions.

The following examples are illustrative of the best
mode of carrying out the invention as contemplated by
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us and should not be construed as being limitations on
the scope and spirit of the instant invention.

EXAMPLE 1
Preparation of Ethylenediammonium Molybdate

50 g. of molybdic acid, HyMoO4, and 750 ml. of pure
ethylenediamine were refluxed under stirring for about
16 hours. The resulting white-colored solid was col-
lected on a fritted funnel washed with ethanol to re-
move any unreacted ethylenediamine and then dried in
an oven to remove the ethanol. Obtained was a white
solid having the following elemental analysis: %N,
calculated 12.6, found 13.99; %Mo, calculated 43.2,
found 46.9. The above-described preparation was found
to be reproducible.

THERMAL DECOMPOSITION

" Thermal decomposition of the above-described ethy-
lene-diammonium molybdate was carried out by pre-
heating a glass tube furnace at about 650° C., through
which a stream of helium was flowing at 600 ml/min.
The above-prepared sample was placed into a quartz
boat which was then placed into the tube furnace. The
temperature was allowed to equilibrate for about 5
minutes and then the sample was heated to 650° C.,
under the helium atmosphere, for about 20 minutes to
effect the decomposition. Subsequently, the tube was
allowed to cool to room temperature, and the tube was
then flushed with helium gas for about 15 minutes. Ob-
tained was a black, pyrophoric material which had the
approximate composition: MoO0.43Co.31No.33. The py-
rophoric material was passivated by contacting the
solid at room temperature with a gaseous mixture of
oxygen and helium containing increasing concentra-
tions of oxygen according to the following schedule:

Feedstream Time
2% Oy/He 1 hour
4% Oy/He 1 hour
6% 03/He 1 hour
109% 0;/He 1 hour

The resulting composition had the empirical formula:
Mo00g.99Co.31Np.33 based on results of the chemical anal-
ysis: Mo, 79.77%; O, 13.16%; C, 3.05%; N, 3.79%; H,
0.42%. X-ray analysis showed that in the pyrophoric
material, the molybdenum atoms form a cubic closest
packet array. Thus, the empirical formula
Mo00g.43Co.31No.33, indicates that all octahedral inter-
stices are occupied by O, C and N atoms, respectively,
(0.43+40.314-0.33=1.07). X-ray line broadening tech-
niques revealed that the passivated material had an
average particle size of about 30 Angstroms (A).

Carrying out the thermal decomposition in carbon
monoxide, rather than helium, at 650° C., resulted in a
material exhibiting the same face-centered cubic lattice,
but having a significantly larger lattice constant, being
4.21 A versus 4.13 A. The largest lattice constant, 4.32
A, was obtained using a reducing atmosphere compris-
ing helium/carbon monoxide mixture.

EXAMPLE 2

The following experiments were conducted to illus-
trate the reversibility of the passivated and surface ac-
tive crystaliine forms of the above-described oxycar-
bonitride.
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A. The passivated material described in Example 1
was treated at 450° C. with a stream of hydrogen for 0.5
hours. The resulting pyrophoric black solid had a sur-
face area of about 135 m2/g (as measured by standard
argon-BET method).

B. The resulting material from A above was passiv-
ated by the procedure described in Example 1 resulting
in a passivated material having an argon-BET surface
area of about 98 m?/g.

C. The resulting material from B above was treated
with a stream of H; at 450° C. for 0.5 hours resulting in
a pyrophoric black powder having a BET surface area
of about 131 m?/g.

EXAMPLE 3

Ethylenediammonium molybdate prepared as in Ex-
ample | was thermally decomposed in the tube furnace
described in Example 1, at 350° C. with a stream of
helium (600 ml/min.) for 1.5 hours. The resulting black
solid had an argon-BET surface area of about 18 m?/g
and the X-ray diffraction pattern indicated the solid was
“amorphous” molybdenum oxycarbonitride.

EXAMPLE 4

"Following the general procedure outlined in Exam-
ple 1, the following amine molybdates, prepared from
molybdic acid (H2MoOys), were thermally decomposed
to yield molybdenum oxycarbonitride. Exact conditions
used are listed in Table 1. Each of the materials was
passivated after formation according to the procedure
described in Example 1.

TABLE 1

Amine

Molybdate Temp. Atmosphere(® Time
(1) 1,3-cyclohexane- 400" C 75/25 Hy/He 20 min.

bis-methylamine
(2) trimethylamine 400° C 100% H; 20 min,
(3) di-n-butylamine 400° C. 75/25 Ha/He 20 min.
(4) aniline 400° C. 75/25 Ha/He 20 min.
(5) dimethylamine 400° C. 50/50 Hy/He 20 min.
(6) ethylamine 400° C. 50/50 Hy/He 20 min.

(flow rate of 600 ml/min.

X-ray diffraction analyses indicated that molybde-
num oxycarbonitride was formed in each of the above
cases.

COMPARATIVE EXAMPLE 1

Ammonium molybdate (commercially available) was
thermally treated following the general procedure de-
scribed in Example 1 in a 1:1 CO/H; flowing atmo-
sphere at 500° C. Analysis by X-ray diffraction of the
obtained solid indicated that it was not molybdenum
oxycarbonitride.

COMPARATIVE EXAMPLE 2

A pyridine salt of molybdic acid (prepared by reflux-
ing a mixture of molybdic acid and pyridine) was ther-
mally treated in an argon atmosphere at 400° C. accord-
ing to the general procedure described in Example 1.
Analysis by X-ray diffraction of the obtained solid indi-
cated that it was not molybdenum oxycarbonitride.

EXAMPLE $§

Five tenths cc of passivated molybdenum oxycar-
bonitride having a measured BET argon surface area of
98-100 m2/g, was placed in a down flow pyrex glass
reactor. The catalyst as a fixed bed was pretreated in



http://ww. Pat ent Gopher.com

4,418,154

9

situ with hydrogen gas at 450° C. for 1 hour at 0.1 MPa
and at a space velocity of about 2,400 v/v/hr. Four runs
were conducted by passing a stream of CO/H; in vary-
ing volume ratios of from 1:3 to 4:1.at a space velocity
of 2,400 v/v/hr. and a pressure of 0.1 MPa, over the
catalyst maintained at a temperature of about 299° C.
Each run was carried out over a 4 hr. period. The prod-
ucts from each run were analyzed by on-line gas chro-
matography. Results are indicated below in Table 1II.

TABLE II
% CO Hydrocarbon Products®
CO/Hj Ratio Temp. Conv.® Rate® C; € C3 Cs Cs*
1:3 299°C., 342 1492 54 31 11 3 1
1:1 " 173 1509 43 34 17 4 2
21 " 84 733 41 37 17 4 |
4:1 " 22 384 4 4 13 ¢

“Percent CO conversion

bRate of CO conversion in micromoles CO/minute/g of catalyst
Wt. % of total hydrocarbons produced

%Trace Quantity
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EXAMPLE 7

A series of runs were made with the molybdenum
oxycarbonitride catalyst described in Example 6 (hav-
ing about the same surface area) and two commercially
available molybdenum catalysts to determine catalyst
activity differences as measured by % CO conversion.

Using the general procedure of Example 6, approxi-
mately one-half gram samples of the catalysts were
charged into a downflow stainless steel reactor and the
catalysts were treated in situ with hydrogen gas at 400°
C. for 1 hour at 0.1 MPa and at a space velocity of about
9,600 v/v/hr. The catalysts were each then run under
substantially the same process conditions at a Hy/CO
volume ratio of 1, a CO/H; feedrate of 20 cc/min., a
pressure of 1.0 MPa, and a temperature of 300° C. The
products from each 4 hour run were analyzed by on-line
gas chromatography and the results indicated in the
Table below.

TABLE IV
Catalyst % CO Hydrocarbon Product
Weight Conver- Distribution (wt %)
Catalyst (grams) sion Cy Cy C3 Cy Cis
MoOxC{Nz 0.523 grams  279% 565 208 114 35 7.8
MoyCl@ 0.531 grams 33% 444 315 153 6.9 1.9

Mo;N + MoN®)

0.502 grams 0.5% 541 307 151 trace 0

(")Molybdenum carbide from Alfa Products, Daavers, Mass. Lot #040679.
mMolybdenum nitride from Alfa Products, Danvers, Mass. Lot #090880.

As is seen from the above Table, equivalent rates of
CO conversion are observed at CO/H3 reactant ratios
of 1:3 to 1:1. The rate decreased when the CO/Hj ratio
was increased above 1:1. The CO/H; volume ratio had
little effect on the overall hydrocarbon product distri-
bution. Reducing the CO/H; volume ratio brought only
a small decrease in methane and small increase in higher
hydrocarbon selectivities, demonstrating the stable
product composition with changing reactant gas com-
position.

EXAMPLE 6

Using the same catalyst, apparatus and general proce-
dure described above in Example 6, a series of runs was
conducted to illustrate the influence of temperature on
the hydrocarbon product selectivity. Five runs were
made at temperatures ranging from 254° to 315° C,, at a
CO/H; volume ratio of 1:1, a pressure of 0.1 MPa, and
a space velocity of 2,400 v/v/hr. The results are tabu-
lated below in Table I

TABLE III

Hydrocarbon Products?

Temp. (°C) CO/Hy! % COConv. C; C; C3 C4 Cst
315 1 20.0 45 34 16 4 1
299 1 17.3 43 34 17 4 2
282 1 13.1 41 34 18 5 2
265 1 10.1 39 33 2t 5 2
254 1 8.1 39 33 20 6 2

4Wt. percent of total hydrocarbons produced
byolume ratio

As is seen, decreasing the process temperature
brought about a slight decrease in selectivity to meth-
ane. However, the product distribution was not substan-
tially affected by changes in reaction temperature, dem-
onstrating the stability of the product distribution over
a wide range of operating temperatures.
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As is seen from the data, the molybdenum oxycar-
bonitride catalyst displays a much higher catalyst activ-
ity by comparison to the other materials under substan-
tially the same hydrocarbon synthesis process condi-
tions.

What is claimed is:

1. A process for preparing paraffinic hydrocarbons
including linear and branched C;-Cjp carbon chain
numbers comprising contacting a gaseous mixture of
CO and H; in a CO/H; volume ratio of 10:1 to 1:10,
respectively, with a catalyst comprised of face-centered
cubic molybdenum oxycarbonitride, in which the inter-
stitial oxygen, carbon and nitrogen atoms are distrib-
uted throughout the bulk structure, at a temperature of
about 100° to 600° C., a pressure of about 0.1 to 100
MPa, and a space velocity of about 100 to 50,000
v/v/hr., and recovering product paraffinic hydrocar-
bons.

2. The process of claim 1 wherein said molybdenum
oxycarbonitride is crystalline and of the formula:
MoO,CyN,, wherein a, b and c are non-zero decimal
values and wherein the sum of a4+b+c is less than or
equal to about one.

3. The process of claim 1 wherein said molybdenum
oxycarbonitride possess a measured BET argon surface
area of about 10 to 160 m?/g.

4. The process of claim 3 wherein said surface area is
about 60-130 m2/g.

5. The process of claim 4 wherein said surface area is
about 100-130 m2/g.

6. The process of claim 1 wherein said temperature is
about 225° to 450° C.

7. The process of claim 1 wherein said pressure is
about 0.1 to 3.0 MPa.

8. The process of claim 1 wherein said space velocity
is about 1000 to 5000 v/v/hr.

9. The process of claim 1 wherein said CO/H; vol-
ume ratio is about 1:3 to 2:1.
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10. The process of claim 1 wherein said product par-
affinic hydrocarbons mainly comprise ethane, propane,
butane, pentane and mixtures thereof.

11. A process for preparing C»-Cs paraffinic hydfo-.

carbons comprising contacting a gaseous mixture of CO
and H; in a CO/H; volume ratio of 1:3 to 2:1, respec-
tively, with a catalyst comprised of face-centered cubic
molybdenum oxycarbonitride, in which the interstitial
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oxygen, carbon and nitrogen atoms are distributed
throughout the bulk structure, said catalyst having a
measured BET argon surface area of about 100-130
m2/g, at a temperature of about 225° to 450° C., a pres-
sure of about-0.1 to 3.0 MPa, and‘a space velocity of
about 1000 to 5000 v/v/hr., and recovering product

paraffinic hydrocarbons
. LI B
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