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@ Improved cobalt catalysts, useful for the preparation of hydrocarbons from synthesis gas or

methanol, and processes using the catalysts.

A cobalt catalyst, especially a thoria promoted
cobalt catalyst, formed by dispersing the cobalt, or
cobalt and thoria, upon a titania or titania-containing
support wherein the titania support is one having a
rutile:anatase ratio of at least about 2:3. By passing
methanol or an admixture of carbon monoxide and

<hydrogen over the catalyst at reaction conditions, a

distillate fuel constituted principally of an admixture

¢pof linear paraffin and olefins, particularly a C.+-
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containing distillate can be formed.

Xerox Copy Centre



1 0 216 967 2

IMPROVED COBALT CATALYSTS, USEFUL FOR THE PREPARATION OF HYDROCARBONS FROM SYNTHE-
SIS GAS OR METHANOL, AND PROCESSES USING THE CATALYSTS.

BACKGROUND AND PROBLEMS
I. FIELD OF THE INVENTION

This invention relates to catalyst composition
useful for the preparation of liquid hydrocarbons
_from synthesis gas, and from methanol and to
processes for such use. In particular, it relates to
catalysts- useful in a process wherein C..+ distillate
fuels, and other valuable products, are prepared by
reaction of carbon monoxide and hydrogen, or
methanol, over certain types of cobalt catalysts.

Il. THE PRIOR ART

Methane is often available in large quantities
from process streams sither as an undesirable by-
product in admixture with other gases, or as an off
gas component of a process unit, or units. More
importantly, however, methane is the principle
component of natural gas, and it is produced in
considerable quantities in oil and gas fields. The
existence of large methane, natural gas reserves
coupled with the need to produce premium grade

- transportation fuels, particularly middle distillate fu-
els, creatés a large incentive for the development
of a new gas-to-liquids process. The technology to
convert coal or natural gas to synthesis gas is well
established, and the conversion of the synthesis
gas to hydrocarbons can be carried out via Fi-
scher-Tropsch synthesis. On the other hand, the
technology is also available to convert natural gas
to methanol, a product of limited marketability.
However, to utilize the existing technology, there is
need for catalysts suitable for the conversion of
methanol to high quality transportation fuels, par-
ticularly middle distillate fuels.

Fischer-Tropsch synthesis for the production of
hydrocarbons from carbon monoxide and hydrogen
is now well known in the technical and patent
literature. The first commercial Fischer-Tropsch op-
eration utilized a cobalt catalyst, though later more
active iron catalysts were also commercialized. An
important advance in Fischer-Tropsch catalysts oc-
curred with the use of nickel-thoria on kieselguhr in
the early thirties. This catalyst was followed within
a year by the corresponding cobalt catalyst, 100
Co:18 ThO.:100 kieselguhr, parts by weight, and
over the next few years by catalysts constituted of
100 Co:18 Th0:200 kieselguhr and 100 Co:5
ThO::8 Mg0:200 kieselguhr, respectively. The
Group VIl non-noble metals, iron, cobalt, and nick-
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el have been widely used in Fischer-Tropsch reac-
tions, and these metals have been promoted with
various other metals, and supporied in various
ways on various substrates. Most commercial ex-
perience has been based on cobait and iron cata-
lysts. The cobalt catalysts, however, are of gen-
erally low activity necessitating a multiple staged
process, as well as low synthesis gas throughput.
The iron catalysts, on the other hand, are not really
suitable for natural gas conversion due to the high
degree of water gas shift activity possessed by iron
catalysts. Thus, more of the synthesis gas is con-
verted to carbon dioxide in accordance with the
equation: H, + 2CO—(CH,) x + CO,; with too little
of the synthesis gas being converted to hydrocar-
bons and water as in the more desirable reaction,
represented by the equation: 2H, + H,0~+(CH,),+
H,O.

There exists a need in the art for a catalyst and
a process useful for the conversion of methanol,
and synthesis gas, respectively, at high conversion
levels, and at high yields to premium grade trans-
portation fuels, especially C..+ distillate fuels; par-
ticularly without the production of excessive
amounts of carbon dioxide.

l. OBJECTS

It is, accordingly, a primary objective of the
present invention to supply these needs.

V. THE INVENTION

This object and others are achieved in accor-
dance with the present invention embodying a co-
balt catalyst, especially a thoria promoted cobait
catalyst, formed by dispersing the cobalt, or thoria
and cobalt, upon a fitania or titania-containing sup-
port wherein the rutile:anatase ratio (by weight) of
the support is at least about 2:3 to produce, by
contact and reaction with a feed comprising an
admixture of carbon monoxide and hydrogen or
with methanol, preferably in the presence of hy-
drogen, at reaction conditions, a distillate fuel con-
stituted principally of an admixture of linear paraffin
and olefins, particularly a C,+ and more particu-
larly a C+ containing distillate which can be fur-
ther refined and upgraded to high quality fuels, and
other products such as mogas, diesel fuel, jet fuel,
and specialty solvents, especially premium middie
distillate fuels of carbon numbers ranging from
about C. to about Co.
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The cobalt-titania catalyst, or thoria promoted
. cobalt-titania catalyst is one wherein cobalt, or co-
balt and thoria, is composited, or dispersed upon
titania, TiO,, or a titania-containing carrier, or sup-
port, and the titania is one having a rutile:anatase
weight ratio of at least about 2:3, as determined by
ASTM D 3720-78: Standard Test Method for Ratio
of Angtase to Rutile In Titanium Dioxide Pigments
By Use of X-Ray Diffraction. A preferred, and more
seloctive catalyst for use in methanol conversion
reactions is one containing titania wherein the
rutile:anatase ratio ranges from about 2:3 to about
3:2. In its preferred form the titania, or titania com-
ponent of the carrier, or support, when used in the
conversion of synthesis gas will contain a
rutile:anatase ratio of at least about 3:2; generally
from about 3:2 to about 100:1, or greater, and more
preferably from about 4:1 to about 100:1, or great-
er. The cobalt, or cobalt and thoria, is dispersed on
the support in catalytically effective amounts. in
methanol conversion reactions the use of thoria
with the cobalt is particularly preferred.

In terms of absolute concentration, suitably, the
cobalt is dispersed on the support in amounts
ranging from about 2 percent to about 25 percent,
preferably from about 5 percent to about 15 per-
cent, based on the total weight of the catalyst
composition (dry basis). The thoria is dispersed on
the. support in amounts ranging from about 0.1
percent to about 10 percent, preferably from about
0.5 percent to about 5 percent, based on the total
weight of the catalyst composition (dry basis). Suit-
ably, the thoria promoted cobalt catalyst contains
Co and ThO, in ratio of Co:ThO, ranging from
about 20:1 to about 1:1, preferably from about 15:1
to about 2:1, based on the weight of the total
amount of Co and ThO. contained on the catalyst.
These catalyst compositions, it has been found,
produce at reaction conditions a product which is
predominately C.+ linear paraffins and olefins,
with very little oxygenates. These catalysts provide
high selectivity, high activity and good activity
maintenance in methanol conversion reactions, or
in the conversion of carbon monoxide and hy-
drogen to distillate fuels.

In conducting methanol conversion reactions
the partial pressure of methanol within the reaction
mixture is generally maintained above about 100
pounds per square inch absolute (psia), and prefer-
ably above about 200 psia. It is preferable to con-
duct the reaction in the presence of hydrogen
which may be added or generated in situ. Suitably
methanol, and hydrogen, are employed in molar
ratio of CH;OH:H, above about 2:1 and preferably
above 8:1, to increase the concentration of C, +
hydrocarbons in the product. Suitably, the
CH,OH:H, molar ratio, where hydrogen is em-
ployed, ranges from about 2:1 to about 60:1, and
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preferably the methanol and hydrogen are em-
ployed in molar ratio ranging from about 8:1 to
about 30:1. Inlet hydrogen partial pressures prefer-
ablyrangebebwaboutwpsia.andmorppfefer-
ably below about 40 psia; when hydrogen is
present iniet hydrogen partial pressures preferably
ranging from about 5 psia to about 80 psia, and
more preferably from about 10 psia to about 40
psia. In general, the reaction is carried out at liquid
hourly space velocities ranging from about 0.1 hr-'
to about 10 hr=', preferably from about 0.2 hr—' to
about 2 hr, and at temperatures ranging from
about 150°C to about 350°C, preferably from about
180°C to about 250°C. Methanol partial pressures
preferably range from about 100 psia to about 1000
psia, more preferably from about 200 psia to about
700 psia. The product generally and preferably
contains 60 percent, or greater, and more prefer-
ably 75 percent, or greater, C,+ liquid hydrocar-
bons which boil above 160°C (320°F).

In conducting synthesis gas reactions the total
pressure upon the reaction mixture is generally
maintained equal to or greater than about 95 psia,
and preferably above about 155 psia, and it is
generally desirable to employ carbon monoxide,
and hydrogen, in molar ratio of H,;:CO above about
0.5:1 and preferably equal to or above 2:1 to in-
crease the concentration of C.+ hydrocarbons in
the product. Suitably, the H,:CO molar ratio ranges
from about 0.5:1 to about 4:1, and preferably the
carbon monoxide and hydrogen are employed in
molar ratio H,:CO ranging from about 2:1 to about
3:1. In general, the reaction is carried out at gas
hourly space velocities ranging from about 100
VHrN to about 5000 VMHr/, preferably from about
300 VMHr/V to about 1500 V/Hr/V, and at tempera-
tures ranging from about 180°C to about 290°C,
preferably from about 190°C to about 260°C. Pres-
sures preferably range from about 95 psia to about
615 psia, more preferably from about 155 psia to
about 415 psia. The product generally and prefer-
ably contains 60 percent, or greater, and more
preferably 75 percent, or greater, C..+ liquid hy-
drocarbons which boil above 160°C (320°F).

Cobait-titania, and especially thoria promoted
cobalt-titania catalysts exhibit high activity and se-
lectivity in the conversion of methanol, or conver-
sion of carbon monoxide and hydrogen to C,+
distillate fuels. The catalysts employed in the prac-
tice of this invention are prepared by techniques
known in the art for the preparation of these and
other catalysts. The catalyst can, for example, be
prepared by gellation, or cogellation techniques.
Suitably, however, cobalt can be composited alone,
or with the thoria, upon a previously pilled, pel-
leted, beaded, extruded, or sieved titania or titania-
containing support material by the impregnation
method. in preparing catalysts, the metal, or met-
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drogen to distillate fuels.
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the partial pressure of methanol within the reaction
mixture is generally maintained above about 100
pounds per square inch absolute (psia), and prefer-
ably above about 200 psia. It is preferable to con-
duct the reaction in the presence of hydrogen
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it it is necessary to remove coke from the
-catalyst, the catalyst can be contacted with a dilute
oxygen-containing gas and the coke bumed from
the catalyst at controlied temperature below the
sintering temperature of the catalyst. The tempera-
ture of the bum is controlled by controlling the
oxygen concentration and inlet gas temperature,
this taking into consideration the amount of coke to
be removed and the time desired to complete the
bum. Generally, the catalyst is treated with a gas
having an oxygen partial pressure of at least about
0.1 psi, and preferably in the range of from about
0.3 psi to about 2.0, psi to provide a temperature
ranging from about 300°C to about 550°C, at static
or dynamic conditions, preferably the latter, for a
time sufficient to remove the coke deposits. Coke
bum-off can be accomplished by first introducing
only enough oxygen to initiate the burn while main-
taining a temperature on the low side of this range,
and gradually increasing the temperature as the
flame front is advanced by additional oxygen injec-
tion until the temperature has reached optimum.
Most of the coke can be readily removed in this
way. The catalyst is then reactivated, reduced, and
made ready for use by freatment with hydrogen or
hydrogen-containing gas as with a fresh catalyst.

The invention will be more fully understood by
reference to the following examples and demon-
strations which present comparative data illustrating
its more salient features.

The data given in the examples which follow
were obtained in a small fixed bed reactor unit, gas
chromatographic analyticai data having been ob-
tained during the runs which were conducted over
various periods. All parts are in terms of weight
units except as otherwise specified. Feed composi-
tions are expressed as molar ratios of the compo-
nents.

6 967

The "Schuiz-Flory Alpha” is a known method
for describing the product distribution in Fischer-
Tropsch synthesis reactions. The Schulz-Flory Al
pha is the ratio of the rate of chain propagation
plus termination, and is described from the plot of
In (Wn/n) versus n, where Wn is the weight fraction
of product with a carbon number of n. In the
examples below, an Alpha value was derived from
the C./Cx portion of the product. The Alpha value
is thus indicative of the selectivity of the catalyst
for producing heavy hydrocarbons from the synthe-
sis gas, and is indicative of the approximate
amount of C,,+ hydrocarbons in the product. For
example, a Schulz-Flory Alpha of 0.80 corresponds
to about 35% by weight of C,,+ hydrocarbons in
the product, a generally acceptabie level of C, +
hydrocarbons. A Schulz-Flory Alpha of 0.85, a pre-
ferred Alpha value, corresponds to about 54% by
weight of C,+ hydrocarbons in the products, and
a Schulz-Flory Alpha of 0.90, a more preferred
Alpha value, corresponds to about 74% by weight
of Ci.+ hydrocarbons in the product.

The catalysts of this invention used in the
examples below were prepared by the following
procedure: Titania (Degussa P-25 TiO,) was used
as the support for all of the catalysts after mixing
with Sterotex (a vegetable stearine used as a lubri-
cant and is a product of Capital City Products Co.),
and after pilling, grinding, and screening to either
60-150 mesh or 16-20 mesh (Tyler). Two versions
of TiO, were prepared by calcining portions of the
TiO; in air at 500°C and 600°C, respectively, over-
night. This gave TiO, supports with the following
properties:

10

Surface
Calcination Rutile:Anatase Area Pore Volpme
Temperature, ©C Ratio (! m?/q ml/g
500 1.2:1 33 - 36 0.18 - 0.40
600 >30:1 10 - 16 0.11 - 0.15

(1) ASTM D 3720-78

Catalysts, of 16-20 mesh size, were prepared from
selected portions of these materials by simple im-
pregnation of the support with cobaltous nitrate or
perrhenic acid, of both, from acetone solution using
a rotary evaporator, drying in a vacuum oven at
150°C, and calcining of the catalysts for three

hours in flowing air in a quartz tube. The catalysts
were charged to a reactor, reduced in H, at 450°C

55  for one hour, and then reacted with syngas or
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methanol at the conditions described in the exam-
ples.

V. EXAMPLES
A. Methanol Conversion

Examples 1 through 6 which follow exemplify
methanol conversion reactions.

In the example which immediately follows a
series of runs were conducted with a thoria pro-
moted cobalt-titania catalyst to demonstrate the
effect of pressure, notably methanol partial pres-
sure in converting methanol, and hydrogen to hy-
drocarbons.
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Exampie 1

A feed constituting an admixture of methanol
and hydrogen in varying molar ratios of CH,OH:H,
was contacted over a thoria promoted cobalt-titania
catalyst (12% Co-2% ThO-TiO,) at total pressures
ranging from ambient to 614.7 psia, methanol par-
tial pressures ranging from 2 to 492 psia, at a
temperature of 230°C and at space velocities of
3500 GHSV and 500 GHSV, respectively. The feed
was diluted in certain cases with carbon dioxide
and argon (Ar); the argon being added to maintain
good operability in terms of obtaining acceptable
material balances. Reference is made to Table I.
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inlet methanol partial pressures ranging above
about 100 psia, and preferably above about 200
psia, it has been found are required to ensure
optimum conversion of methanol to hydrocarbons.

Low inlet methanol partial pressures favor conver-
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range from about 100 psia to about 1000 psia,
preferably from about 200 psia to about 700 psia.
Total pressure will depend on the amount of H,,
CO,, or other inerts present in the reaction mixture.
Low partial pressures of hydrogen are pre-
ferred in order to maximize the yield of the desired
heavy hydrocarbons at the expense of light hy-
drocarbons. For cobalt-titania, and thoria promoted
" cobalt-fitania catalysts, the preferred inlet hydrogen
partial pressure is generally maintained below
about 80 psia, and preferably below about 40 psia.
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Example 2

Example 1 was repeated utilizing both cobalt-
thoria-titania catalyst, and an unpromoted cobak-
titania catalyst, at 414.7 psia, GHSV = 500, 40
CH,OH:2 Hx1 CO.7 Ar. Reference is made to
Table ll. As shown in the table, the selectivity to
heavy hydrocarbons is particularly high, especially
at low temperature.
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From the values given for the Schulz-Flory
Alpha, it is apparent that the conversion of the
methanol to heavy hydrocarbons, and the selectiv-
ity of the catlysts for producing C,. + hydrocarbons
are quite high. The Co-TiO, catalyst produces
about 58% by weight C,,+ hydrocarbons in the
product, and the ThO. promoted Co-TiO, catalyst
produces a product containing approximately 85%
by weight and 80% by wseight C,,+ hydrocarbons,
at 230°C and 200°C, respectively.

10

Example 3

lysts consists predominately of linear olefins and
paraffins with a small amount of branched paratfing
and olefins. Reference is made to Table Il which
shows the distribution of compounds within the C,
fraction obtained by reaction of the methand!, and
hydrogen, over the (12% Co-1% ThO.-Ti0,), after
35 hours, at 230°C, 414.7 psia, GHSV = 500 and
40 CH,OH:2 H,:1 CO,7 Ar.

Component in Cg

n-octane
l-octene
4-octenes
2-methylheptane
3-methylheptane
4-methlyheptane

wt.

Hydrogen in relatively small amount, as earlier
suggested, is desirable to promote conversion of
the methanol to hydrocarbons. The absolute hy-
drogen concentration is also of importance in pro-
moting conversion, selectivity and yield in the pro-
duction of the C..+ hydrocarbons from methanol.
Partial pressures less than about 80 psia are pre-
ferred, and more preferably less than 40 psi (275.8
kPa absolute), in order to produce the higher mo-
lecular weight liquid hydrocarbons. H, absolute par-
tial pressures above about 80 psia (551.6 kPa) or
even 40 psia (275.8 kPa), favour a lighter, more
paraffinic product.

55

Example 4

An admixture constituted of methanol and ar-
gon and/or hydrogen in varying concentrations
such that the combined absolute partial pressure of
argon and hydrogen was 83 psia (572.3 kPa) was
passed into a reactor charged with a thoria pro-
moted cobalt-titania catalyst at 230°C, CH,OH =
332 psia (2289.1 kPa) argon (83 psia-H, psia) and
GHSV=500. Measurements were made of the
CH,OH conversion, and carbon product distribution
in terms of weight percent hydrocarbons, carbon
monoxide, carbon dioxide and dimethyl ether -
(DME) formation. The results are given in Table IV.
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The addition of hydrogen to the reactor, it will
be observed, increases the amount of methanol
conversion. A hydrogen inlet pressure of 17 psia
thus raises the conversion of the methanol by 14
percent (62%-38%), and the conversion of C.+
hydrocarbons is increased by 6.5 percent (81.1%-
74.8%). Increasing the inlet hydrogen partial pres-
sure to 83 psia raises the amount of methanol
conversion an additional 31 percent, viz., from 52
wit. % to 83 wt. %. However, C.+ hydrocarbon
selectivity is decreased somewhat, i.e., from 81.1
wt. % to 70.9 wi. %. Moreover, the hydrocarbon
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Carbon Product Distribution, Wt%
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product is somewhat fighter, as indicated by the
higher methane, and a Schulz-Flory Alpha of 0.82
is obtained.

Example 5

A series of runs were made, at similar con-
ditions, by contact of methano! with fixed beds of
catalyst, as identified in Table V, contained in a
stainless steel tube reactor. The runs were con-
ducted at 230°C, 414.7 psia, GHSV = 500 and 40
CH:OH:2 H.;:1 CO,:7 Ar. Measurements were made
of the CH.OH conversion with sach of these cata-
lysts, and analysis made of the wi. % carbon
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product distribution in terms of CO, CO,, dimethyl
ether, CH, and C.+ hydrocarbons. The wt. %
methane that was produced was also recorded.
Reference is made to Table V.

. B

Table V

230°C, 414.7 psia, GHSV = 500, 40 CH30H:2 Hp:l C02:7 AR

Wt. %
CH40H Carbon Product CHy in
Conver- Distribution, Wt. § . Hydro~
Catalyst sion & > 4 C»+ carbons
12% Co-2% ThO,- 70 2,9 12.6 0.5 7.4 76.6 8.8
TiOp '
8 MgO:200
Kieselguhr(l)
9 Co:1 Cu:2 20 16.7 42.4 0.2 5.2 35.5 12.8
Thoy (2)
12% Co—-5i0p 38 4.3 22.3 0.1 7.0 66.3 9.6
12% Co-Al503 64 2.8 21.8 2.4 9.9 63.1 13.6
(1) Prepared by procedure given at page 137 and

following; The Fischer-Tropsch and Related
Syntheses, Storch, Golumbic and Anderson, John
Wiley and Sons, Inc., New York (1951).

Shima, K.; Morita, T.; Mujazoki Diagaku Kogakuba

(2)

Kenkyu, 25 19-24 (1979).

These data show that the thoria promoted “0 the 12% Co-Si0O, (38 wt. %) is likewise poor, with
cobalt-titania catalyst, as contrasted with prior art fairly high production of CO, (22.3 wt. %). The 12%
cobalt catalysts, is clearly the superior catalyst. It Co-Al0, catalyst, while superior to the 9 Co:t Cu:2
produces high conversion of the methanol (70 wt. ThO, and 12% Co-Si-O; catalysts, provides only 64
%), and high production of C,+ hydrocarbons - pu wt. % conversion of the methanol, with high pro-
(76.6 wt. %) with low methane in the carbon prod- duction of CO, (21.8 wt. %). The C.+ hydrocar-
uct distribution (8.8 wt. %). Whereas the 100 Co:5 " bons product make is only 63.1 wt. % as com-
ThO::8 Mg0:200 Kieselguhr catalyst provides ex- pared with 76.6 wt. % for the 12% Co0-2% ThO.-
tremely high conversion of the methanol (97 wt. TiO. catalyst.

%), the production of C.+ hydrocarbons (41.1 wt. 50

%) is extremely low, and the production of CO, is

unacceptably high (38.4 wt. %). Essentially one- Example 6

third (32.2 wt. %) of the total hydrocarbons that are

produced is methane. The methanol conversion The following data show the effect of different
level (20 wt. %) of the 9 Co:1 Cu:2 ThO,, albeit a 55 rutile contents on cobalt-titania catalysts used in

thoria promoted cobalt catalyst, is abysmal; and
the CO. production level (42.4 wt. %) unacceptable.
Only 35.5 wt. % of the carbon product distribution
is hydrocarbons. The methanol conversion level of

11

the conversion of methanol to hydrocarbons. Thus,
two 12% Co-TiO. catalysts, identical except that
the TiO, base used to form one catalyst had a
rutile:anatase weight ratio of 1.2:1, and the other a
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rutile:anatase weight ratio greater than 30:1, were
used to convert methanol to hydrocarbons. The
runs, made at identical conditions, were made at
230°C, 414.7 psia, GHSV = 500 and 40 CH,OH:2
H.:1 CO,:7 Ar. Reference is made to Table VI.

5

Table VI

Effect of Rutile Content on 12%

Co-TiO, Catalysts

230°C, 414.7 psia, GHSV = 500,
40 CH30H:2 Hp:l Cop:7 AR

. Properties

Rutile:Anatase Ratio, Wt.

Surface Area, m2/g
Pore Volume, ml/g

CH30H Conversion,%

Carbon Product Distribution, Wt.%

Co

COo
CHy
Cot+

1.2:1 >30.1
36 10
0.30 0.11
- 66 100

2.6 0.8
15.6 27.8
9.0 . 17.1
.72.8 54.3

These data clearly show that the catalyst which
contains 1.2:1 ratio of rutile:anatase is the superior
catalyst. Albeit the catalyst which contains a weight
ratio of > 30:1 rutile:anatase provides higher con-
version, the methane gas make is aimost double
that of other catalyst (17.1% vs. 9.0%), and the
catalyst is far less selective in the production of
C.+ hydrocarbons (54.3% vs. 72.8%). Moreover,
the catalyst which contains >30:1 rutile:anatase is
more active in converting the methanol to carbon
dioxide (27.8% vs. 15.6%).

B. Synthesis Gas Conversion

Examples 7 through 9 which follow exemplify
synthesis gas conversion.

50

55
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In the example which immediately follows a
series of runs were conducted with several known
Fischer-Tropsch catalysts, these bheing compared
with a run using a cobali-titania catalyst to dem-
onstrate the particularly high effectiveness of the
latter in converting synthesis gas to hydrocarbons.

EXAMPLE 7

A feed constituted of an admixture of carbon
monoxide and hydrogen in molar ratio of H,:CO of
2:1 was contacted over a cobali-titania catalyst -
(Catalyst A; 12% Co-TiO,; 0.9:1 rutile:anatase) and
several known cobalt catalysts, viz., 100 Co:5
ThO28 Mg0:200 kieseiguhr (Catalyst B), 12%
Go/Si0, (Catalyst C) and 25 Co:1.8 Ti:100 SiQ, -
(Catalyst D), respectively, at temperature of 230°C,
at a pressure of 164.7 psia, and at a space velocity
of 400 hr='. The data shown in Table Vi dem-
onstrate the level of CO conversion 70 hours after
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initiation of the runs, the CO, selectivity, CH, selec-
tivity, C.+ selectivity, and the Shuiz-Flory Alpha

value, which is a measure of the ability of a cata-

lyst to produce C.+ hydrocarbons.
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The following data show that the rutile content
of the TiO, support from which the catalyst is

These data thus clearly show that Cataiyst A,

the Co/TiO, catalyst, is unique as regards its supe-

catalyst increasing as the rutile content of the TiO,

support is increased.

50
formed is significant, the CO conversion of the

catalyst to produce in the product more than about

Shulz-Flory Alpha value indicates an ability of this
75% C. + hydrocarbons.

rior activity and selectivity. Moreover, the high

The following example demonstrates the effect
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rutile content of one support from which a catalyst
is formed has a rutile:anatase ratio of 1.2:1, and the
other a rutile:anatase ratio >30:1. in a second pair
of runs, the rutile:anatase ratio of one support from
which a catalyst is formed is about 1.2:1, and the
other >30:1.

EXAMPLE 8

Two 12% Cof/TiO, catalysts were formed for
use in a first pair of side-by-side runs by impreg-
nating cobalt upon two portions of TiO, 16-20 mesh
(Tyler) particles, the first portion having a
rutile:anatase ratio of about 1.2:1 and the other a
rutile:anatase of >30:1. Reference is made to Table
VIil, Columns 2 and 3. Two additional portions of a

10

15

20
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16-20 mesh (Tyler) TiO. were similarly impreg-
nated with cobalt, the first having a rutile:anatase
ratio of about 1.2:1 and the other a rutile:anatase
ratio of > 30:1. Reference is made to Table VIIi,
Columns 4 and 5. The first pair of catalysts -.
(Columns 2 and 3) were similarly dried, and then
calcined in air for 3 hours at 250°C. The second
pair of catalysts (Columns 4 and 5) were then
similarly dried and then calcined in air for 3 hours
at 500°C. These catalysts were then charged in
equal quantities to the fixed bed reactor as pre-
viously described, reduced with hydrogen, and
separate runs made with each catalyst at identical
conditions, viz., 200°C, 294.7 psia, GHSV = 1000
and H.:CO of 2.15:1. The following data was taken
after 20 hours operation, reference again being
made to Table VIIL.
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The catalysts having the higher rutile content,
or catalysts having the better cobalt metal disper-
sion (as measured by conventional dynamic O,
chemisorption), are significantly more active in con-
verting the CO and H. to hydrocarbons; albeit it will
be noted, the gas and CO, content of the catalysts
having the higher rutile content are slightly debited,
and the C.+ hydrocarbons content of the product
slightly lower.
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EXAMPLE 9

In another series of demonstrations, cobalt was
dispersed on portions of 80-150 mesh (Tyler) tita-
nia by the heat decomposition of a cobalt carbonyi
compound, CO,{CO); deposited from a pentane
solution; a procedure described by reference to
articles by A. S. Lisitsyn, V. L. Kuznetsov, and Yu.
I. Ermakov entitled (1) “Catalysts Obtained By The
Reaction of Transition-Element Organometallic
Compounds With Oxide-Support Surfaces, Hydro-
genation of Carbon Monoxide on Catalysts Sup-
ports™ and (2) "Catalysts Obtained By The Reac-
tion of Transition Element Organometaliic Com-
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pounds With Oxygen-Support Surfaces. Catalytic
Properties of Systems Prepared By The Pyrolysis
of Co(CO): on Oxide Supports In The Reaction CO
+ H, Depending On Their Composition And
Pretreament™ Institute of Catalysis, Siberian Branch
of the Academv of Sciences of the USSR,
Novosibirsk. Translated from Kinetika i Kataliz, Vol.
23, No. 4 pp. 919-913, Julv-August, 1982. August,
1982. Two of these catalysts, referred to in col-
umns two and three in Table IX were prepared
from TiQ, having a rutile:anatase ratio of 1:2.6 (110
m?gm surface area), and are believed representa-
tive of prior art catalysts, and three of these cata-
lysts referred to in columns four, five, and six were

10

15

20
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prepared from TiO. containing a rutile: anatase ratio
>30:1. A sixth catalyst was prepared from cobalt
nitrate, by impregnation of a TiO, support material
having a rutile:anatase ratio >30:1 with a cobalt
nitrate in acetone solution. The several catalysts,
each of which contained between 9.3 wt. % and
11.1 wt. % cobait as shown by analysis, were
pretreated (1) at temperatures approximating
250°C for one hour in vacuum, or (2) in air at this
temperature for three hours followed by a one hour
period of treatment at 450°C with hydrogen, or (3)
with hydrogen at 450° for one hour, as shown in
the Table. Reference is made to Table IX.



0 216 967

31

3sAtejeo B/Cp Touw )

€61 Let s0¢ - © €8 - uojidiostwayd <o
A3ta3oataes
S°v 9°6 Vs 6°¥ 1°61 S*€T PHO & TOW
56 £6 L6 6S S o€ uolsisauc) 0D ¥
ayg 1 1y 1 iy 1
-00S¥ CH 00SV¥CH onoeA ujg -00Sy CH onoeA ug
ay € ay 1 a4y ¢ Iq T A ay € aq 1
-0062 11V 00S¥2H ~-006C TV =JolSZ -0068Z IV -JoLSGZ jusw3jeaajaid
¢o1L 3o
1:0€E< 1:0€E< T:0¢€< T:0e< 9°C:1 9°¢:1 or13eYy asejrpuy:aTiIny
a3 13N Tukoqae) 1Auoqae) 1Auoqae) 1Auoqae) 1Auoqie) punodwo) 09
T°1T1 9°6 . 2°6 L*8 1°01 £°6 0D % °IM
GT°Z = 02/%H ‘000T = ASHO ‘ejsd ,°p6Z ‘D000 ‘s3sATe3led ysaw 0ST-09

XI 479V

17



33 0 216 967 34

These data clearly show that the amount of
conversion of the feed to hydrocarbons is very,
very low with the catalysts prepared from a TiO,
base containing a rutile:anatase ratio of 1:2.6 viz.,
30 percent when the catalyst is treated at 257°C
for 1 hour under vacuum as described by the
reference procedure, supra. It is even poorer, viz.,
5 percent, when the catalyst is pretreated with air
and then reduced in accordance with the process
of this invention. Methane make is very, very high
in either instance, viz., 13.5 percent and 15.1 per-
cent, respectively. The superior performance of the
catalyst formed from the high rutile:anatase TiO,
support is particularly manifest when the % CO
conversion beiween the catalysts formed from the
low rutile:anatase TiO, support (30% and 5%, re-
spectively) is compared with the % CO conver-
sions obtained with the catalyst formed from the
high rutile:anatase TiO, supports (58%, 97%, 93%
and 95%, respectively). The CO conversion is poor
because the poor dispersion of the cobalt, as de-
termined by the O,-chemisorption data.

In pretreating a catalyst of this invention,
wherein the cobalt of the of thee starting cobalt
carbonyl compound is dispersed on a TiO, base
having rutile:anatase ratio of >30:1, the perfor-
mance of the catalyst is drastically improved.
Pretreating in accordance with the reference proce-
dure, the percent CO conversion to hydrocarbons
is essentially doubled, viz., 59 percent vis-a-vis 30
percent and methane make is drastically reduced,
viz., from 13.5 percent to 4.9 percent. When the
preferred pretreat of the present invention is em-
ployed, i.e., air activation followed by hydrogen
teduction, the percent CO conversion rises to 97
percent, with only 5.4 percent methane production;
and even when a similar catalyst is reduced without
a preceeding air treat, 93 percent CO conversion is
obtained, with only 5.6 percent gas make.

The Co impregnated catalyst produced from a
TiO. base having a rutile:anatase ratio >30.1,
pretreated with both air and hydrogen, provides 95
percent selectivity of the CO to hydrocarbons, with

" a gas make of only 4.5 percent.

These reactions can be conducted with these
catalysts in fixed bed, or slurry bed reactors with or
without the recycle of any unconverted gas and/or
liquid product. The C,+ product that is obtained is
an admixture of linear paraffins and olefins which
can be further refined and upgraded to high quality
middle distillate fuels, or such other products as
mogas, diesel fuel, jet fuel, specialty solvents and
the like. A premium grade middle distillate fuel of
carbon number ranging from about C,, to about Ca
can also be produced from the C,,+ hydrocarbon
product. The catalyst is constituted of cobait or
cobalt and thoria supported on a rutile form of TiO.

10

15

20

25

§6

18

or rutile-titania-containing support which can con-
tain such non-acidic materials as SiO,, Mg0, ZrO,,
ALLO;. The catalyst is preferably reduced with a H,-
containing gas at start-up.

Claims

1. A catalyst composition useful for the conver-
sion of methanol or synthesis gas to hydrocarbons
characterized in that it comprises either cobalt or
cobalt and thoria in catalytically active amount
composited with titania or a titania-containing sup-
port, wherein the titania support is one having a
rutile:anatase ratio of at least about 2:3.

2. A composition according to claim 1 in which
the catalyst comprises cobalt dispersed on the
support, the catalyst containing from about 2 per-
cent to about 25 percent cobalt, based on the
weight of the catalyst composition.

3. A composition according to claim 1 in which
the catalyst comprises cobalt and thoria dispersed
on the support, the catalyst containing from about 2
percent to about 25 percent cobalt, and from about
0.1 percent to about 10 percent thoria, based on
the total weight of the catalyst.

4. A composition according to any one of
claims 1 to 3 in which the titania support is one
having a rutile:anatase ratio in the range of from
about 2.3 to about 100:1, or greater.

5. A composition according to any one of
claims 1, 3 or 4 in which the titania promoted
cobalt catalyst contains Co and ThQ, in a ratio of
Co:ThO, ranging from about 20:1 to about 1:1.

6. A composition according to any one of
claims 1 to 5 particularly useful for the conversion
of -methanol to hydrocarbons in which said titania
support has a rutile:anatase ratio ranging from
about 2:3 to about 3:2.

7. a composition according to any one of
claims 1 to 5§ particularly useful for the conversion
of synthesis gas to hydrocarbons in which the said
titania support has a rutile:anatase ratioc in the
range of from 4:1 to 100:1 or greater.

8. A process for the conversion of methanoi or
synthesis gas to hydrocarbons using the catalyst
composition of any one of claims 1 to 7 character-
ized by contacting said catalyst composition at
reaction conditions with a feed comprising an ad-
mixture of carbon monoxide and hydrogen or a
feed comprising methanol to produce a C,+ con-
taining distillate.

8. A process according to claim 8 in which said
feed comprises an admixture of carbon monoxide
and hydrogen in a H;:CO molar ratio equal to or
greater than about 0.5:1, at a total absolute pres-



35 0 216 967 36

sure of equal to or greater than about 95 psia (655
kPa) and at a temperature in the range of from
about 160°C to about 290°C.

10. A process according to claeim 8 in which
said feed comprises methanol at a methanol ab-
solute partial pressure of above about 100 psia -
(889.5 kPa).

10
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11. A process according to claim 10 in which
said feed further comprises hydrogen in admixture
with said methanol in a methanol:hydrogen molar
ratio of above about 2:1.
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