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CATALYST COMPOSITION FOR CONVERSION OF
SYNTHESIS GAS TO HYDROCARBONS

The present invention relates to a novel catalyst composition
for the conversion of synthesis gas to hydrocarbons.

Gallium containing catalyst compositions and the use thereof as
hydrocarbon conversion catalysts are well known. These are claimed
and described for example in our British Patent Specification Nos
1496379, 1507549,1507778, 1537780 and 1533169, and in our published
European Patent Application Nos 0024147 and 0024930, Amongst the
various hydrocérbon conversion processes disclosed in these
publications are dehjdrogenation, dimerisation, iéomerisaticn,
cyclisation and aromatisation. It is also known from British Patent
Specification No 1495794 that aluminosilicates when used in
conjunction with a metal compound of appropriate activity can comvert
synthesis gas to higher molecular weight hydrocarbons especially if-
used together with an alumina binder.

It has now been found that for the conversion of synthesis gas to
hydrocarbons using a specific combination of metal compounds as
catalysts shows improved activity.

Accordingly, the present invention is a process for converting
synthesis gas to hydrocarbons by contacting said synthesis gas with a
catalyst composition, characﬁerised in that the catalyst composition
comprises an oxide of at least one metal selected from gallium and
indium, and contains an oxide of at least one additional metal
selected from Group VIII and the B group elements of Groups I = VII
including the Lanthanides and Actinides of the Periodic Table of

Elements.
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The Periodic Table of Elements referred to herein is the Table
appearing on pages 448 and 449 of the 44th Edition of the “Handbook of
Chemistry and Physics”, edited by Hodgman, C.D. and published by The
Chemical Rubber Publishing Co., Ohio, USA (1963).

The additional oxide is preferably that of at least one metal
selected from copper, zinc, scangium, yttrium, lanthanunm, titanium,
zirconium, hafnium, chromium, molybdenum, tungsten, manganese,
rhenium, irom, ruthenium, cobalt, rhodium, iridium, nickel, palladium,
platinum, cerium, terbium, uranium and thorium. Oxides of thorium,
cerium and uranium are most preferred.

The catalyst compositions used in the present process are
suitably prepared by mixing the respective compounds; for instance, by
mixing a suspension of the respective compounds, eg the oxides, in
water and evaporating the mixture to form a cake. The cake may
thereafter be filtered, washed and dried, and the dried cake crushed
and calcined at elevated temperature to produce the desired catalyst
composition. The caleination is suitably carried out in an oxidising
atmosphere, eg air. '

The respective amounts of gallium and/or indium and the
additional metal components in the catalyst composition nay vary over
a wide range depending upon the end use of the catalyst. Thus, in the
catalyst compositions now used, the oxides of gallium and/or indium
are suitably present in an amount of between 1-75% by weight
preferably between 5 and 50X by weight; correspondingly, the -
additional metal éxide is suitably present in an amount of between 25
and 99X by weight preferably between 50 and 95% by weight. -

The catalyst compositions used in the present invention may
contain in addition to the metal compounds a further componeat which
in some cases can also act as support. This further component is
suitably a crystalline silicate, preferably a crystalline
aluninosilicate having a high silica to alumina ratio ie grezter than
5:1. Specific examples of such aluminosilicates include the MFI type
zeclites eg ZSM-5; the MEL type zeolites eg ZSM-11; 2SM-12; ZSM~23;
ZSM-35; 7SM-38; zeolite—B and the MOR type zeolites (MFI, MEL and MOR

are exazples of zeolite structure types nomenclature recommended by
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IUPAC in "Chemical Nomenclaﬁure, and Formulation of Compositions of
Synthetic and Natural Zeolites,”™ IUPAC Yellow Bookiet, 1978; See also
“Atlas of Zeolite Structure Types” by W M Meier and D H Olsen,
International Zeolite Association, 1978). Thus in the catalyst
composition now used the combined amount by weight of the gallium
and/or indium oxides and the additional metal oxide is suitably
between 1 and 100%, preferably between 5 and 100%; and the amount by
weight of the further component may be suitably between 0 and 99%,
preferably between 0 and 95X%.

The catalyst compositions used in the present invention may be
pelletised or extruded together with a binder. Such binders will be
known to those skilled in the art. Examples of such binders include
silica and alumina.

In the catalyst compositions now used, the choice of the
additional metal oxide and the further component will depend upon the
end product desired. For example a composition coataining gallium
oxide and/or indium oxide with thorium oxide is best suited for
producing C3 and C; hydrocarbons from synthesis gas. On the other
hand, if the gallium and/or indium oxide mixed with thorium oxide is
supported on or mixed with ﬁﬁzeolite with a high silica to alumina
ratio, the principal product of the synthesis gas conversion is a high
quality gasoline rich in aromatics.If, however, the silica to alumina
ratio of the support is very high as typified by silicalite then a
product rich in olefins is formed.

The reaction producing high quality gasoline is also favoured by
the use of oxides of gallium and/or indium which have a high surface
area. For example in the case of gallium oxide, the surface area is
preferably greater than 40 m2/g. An oxide of gallium, known as
B-gallia and defined in "The Chemistry of Gallium™ by Sheka, I.A. et
al and published by Elsevier, Amsterdam (1966) is most preferred.

The nature of the products is also to some extent dependent upon
the reaction conditions such as temperature and pressure. For
example, a synthesis gas having a hydrogen to carbon monoxide ratio
between 0.2:1 and 6:1 may be converted to hydrocarbons by passing over

the catalyst of the present invention at a temperature guitably
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between 200 and 800°C, preferably between 300 and 600°C. The reaction
pressure may be between 1 and 1000 bar, preferably between 30 and 300
bar. The products of this reaction will be rich in hydrocarbons,
especially C; paraffins if gallium and/or indium oxide and thorium
oxide are the_only components present in the catalyst composition.
Combination of these components with a silica matrix appears to favour
olefins, especially isobutene. In both cases alcohols, especially
methanol, can be formed in particular at low conversions. However,
from the same feedstock, under the same reaction conditions using the
game catalyst composition (with or without the silica) but now
combined with a crystalline aluminosilicate, the product is
principally a high quality gasoline rich in Cg — Cjo aromatics. If,
however, the silica to alumina ratio of the support is very higﬁ as
typified by silicalite then a product rich in olefins is formed.

In these cases, there is a low make of C; and Cy hydrocarbons.

The—cat;lysts and process of the present invention are further
illustrated with reference to the following Examples and Comparative
tests.
EXAMPLES
A. Catalyst Preparation

(1) A gallium oxide suspension was prepared by slurrying 1.8 g of
gallium oxide (BET surface area 57 m2/g, mainly B-phase) oxide in 50
ml of hot (80 - 100°C) distilled water. )

A solution containing thorium nitrate (24 g) dissolved in 200 ml
of distilled water was heated to boiling. Another solution containing
anhydrous NajC03 (9.5 g) in 200 ml distilled water was also heated to
boiling and then added to the thorium nitrate solution to precipitate
thorium oxide. This precipitate was filtered while still hot and
washed with 15 x 40 ol boiling distilled water. The precipitate was
resuspended in 150 ml of hot (80 - 100°C) distilled water and the
suspension of gallium oxide added to it. The oxides of thorium and
gallium were ﬁhoroughly stirred and the water subsequently evaporated
without stirring in an oven at 110°C for 20 hours to form a cake of
the mixed oxides of gallium and thorium. The cake was then crushed
and sieved to a particle size of 8-30 mesh (BSS) and calcined in a

slow stream of air at 300°C for 4 hours. _
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(i1) A mixture of the oxides of gallium and thorium was prepared as
described in A(1) above (with the exception of the final calcination
stage), then crushed and sieved to a particle size smaller than 100
mesh (BSS). 5 g of the resultant powder were mixed thoroughly with

5 g of a crystalline aluminosilicate in its H-form prepared according
to the method described in Exampie 1 of our published European Patent

‘Application No 0024930, characterised by having a silica to alumina

ratio of at least 5:1, and a particle size smaller than 100 mesh
(BSS). This mixture was bound with 15 g LUDOX AS40 colloidal silica
(40 wtZ% in water) (LUDOX is a Registered Trade Mark). After drying
for 20 hours at 110°C the bound catalyst was crushed and sieved to a
particle size of 8-30 mesh (BSS) before calcining in a slow stream of
air at 300°C for 4 hours.

(111) A bound gallium oxide and thorium oxide catalyst mixed with a
crystalline aluminosilicate was prepared as in A(ii) above, except
that the gallium oxide suspension contained 2.6 g of gallium oxide
instead of 1.8 g.

(iv) 1.8 g Iny03 (ex BDH,VCeneral Purpose Reagent) was slurried in 200
ml of distilled water in which had been dissolved 24 g thorium
nitrate. This slurry was heated to boiling. Another solution
containing anhydrous Na;C03 (9.5g) in 200 ml distilled water was also
heated to boiling and then added to the slurry to precipitate thorium
oxide onto the indium oxide. The combined solids were filtered while
still hot and washed with 15 x 40 ml distilled water before drying at
110°C for 20 hours. The mixed oxides were crushed and sieved to a
particle size smaller than 100 mesh (BSS). 5g of the resultant powder
were mixed thoroughly with 5g of a crystalline aluminosilicate in its
H-form prepared according to the method described in Example 1 of our
published European Patent Application No 0024930, characterised by
having a silica to alumina ratio of at least 5:1, and a particle size
smaller than 100 mesh (BSS). This mixture was bound with 15g LUDOX
AS40 colloidal silica (40X wt in water) (LUDOX is a Registered Trade
Mark). After drying for 20 hours at 110°C the bound catalyst was
crushed and sieved to a particle size of 8-30 mesh (BSS) before
calcining in air at 500°C for 16 hours.
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(v) A mixture of the oxides of gallium and thorium was prepared as
described in A(iv), substituting Gaj03 (BET surface area 57 /g,
mainly B~phase) for Iny03. After crushing and sieving the mixed
oxides to a particle size smaller than 100 mesh (BSS), 5g of the
resultant powder were mixed thoroughly with 35g of silicalite in its
H-form, also having a particle size smaller than 100 mesh (BSS). This
mixture was bound with 15g LUDOX AS40 colloidal silica. ‘After drying
for 20 hours at 110°C the bound catalyst was crushed and sieved to a
particle size of 8-30 mesh (BSS) before calcining in air at 300°C for
4 hours.
(vi) A mixture of the oxides of gallium and thorium was prepared as
described in A(iv), substituting Gaj03 (BET surface area 97 mzlg,
mainly gamma-phase) for Iny03. After crushing and sieving the mixed
oxides to a particle size smaller than 100 mesh (BSS), 10g of the
resultant powder were bound with 10g LUDOX AS40 colloidal silica
(40 wtZ% in water) (LUDOX is a registered trademark). After drying for
20 hours at 10°C the bound catalyst was crushed and sieved to a
particle size of 8-30 mesh (BSS) before calcining in a slow stream of
air at 300°C for 4 hours.
(vii) Cerous nitrate was calcined at 560°C for 16 hours. 13.67g of
the resultant ceria was added to 1.86g gallia (BET surface area
57 n2/g, mainly B—phase) and the two components thoroughly mixed then
crushed to a particle size smaller than 100 mesh (BSS).

5g of mixed oxides was mixed thoroughly with 5g of a crystalline
aluminosilicate in its H-form prepared according to the method
described in Example 1 of our published European Patent Application
No 0024930 characterised by having a silica to alumina ratio of at
least 5:1, and with a particle size smaller than 100 mesh (BSS). This
nixture was bound with 15g LUDOX AS40 colloidal silica. After drying
for 20 hours at 110°C the bound catalyst was crushed and sieved to a
particle size of 8-30 mesh (BSS) before calcining in a slow stream of
air at 300°C for 4 hours.
(viii) Uranyl nitrate was calcined at 560°C for 16 hours. 5g of the
regultant uraniunm trioxide was added to 0.67g gallia (BET surface area
57 m2/g, mainly B-phase) and the two components thoroughly mixed then.
crushed to a particle size smaller than 100 mesh (BSS).
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5g of mixed oxides was mixed thoroughly with 5g of a crystalline

aluminosilicate in its H-form prepared according to the method
described in Example 1 of our published European Patent Application
No 0024930 characterised by having a silica to alumina ratio of at

5 least 5:1, and with particle size smaller than 100 mesh (BSS). This
mixture was bound with 15g LUDOX AS40 colloidal silica. After drying
for 20 hours at 110°C the bound catalyst was crushed and sieved to a
particle size of 8-30 mesh (BSS) before calcining in a slow stream of
air at 300°C for 4 hours.

10 Comparative tests 1 and 8 below do not constitute Examples of the
present invention and are included only for purposes of comparison.

Comparative Test 1
A mixture of thorium oxide and alumina was prepared according to

the method of Pichler and Ziesecke, as described in "The
15 Isosynthesis”, US Bureau of Mines Bulletin, 488, (1950). The material
so obtained was crushed to a particle size of 8-30 mesh (BSS).

Comparative Test 2
5 g of the catalyst prepared in Comparative Test 1 above was

crushed and sieved to a particle size smaller than 100 mesh (BSS),

20 impregnated with potassium acetate and mixed thoroughly with 5 gof a
crystalline aluminosilicate in its H~form prepared according to the
method described in Example 1 of our published European Patent
Application No 0024930 characterised by having a silica to alumina
ratio of at least 5:1, also with a particle size of smaller than 100

25 mesh (BSS). This mixture was bound with 15 g LUDOX AS40 colloidal
silica. After drying for 20 hours at 110°C the bound catalyst was
crushed and sieved to a particle size of 8-30 mesh (BSS) before

calcining in a slow stream of air at 300°C for 4 hours.

Comparative Test 3
30 A mixture of thorium oxide and alumina was prepared as in

Comparative Test 1 above except that it was crushed and sieved to a

particle size smaller than 100 mesh (BSS). 5g of mixed oxides was

mixed thoroughly with Sg of a crystalline aluminosilicate in its

H-form prepared according to the method described in Example 1 of our
35 publighed European Patent Application No 0024930 characterised by
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having a silica to alumina ratio of at least 5:1, and with a particle
size smaller than 100 mesh (BSS). This mixture was bound with 1l5g
LUDOX AS40 colloidal silica. After drying for 20 hours at 110°C the
bound catalyst was crushed and sieved to a particle size of 8-30 mesh
(BSS) before calcining in a slow stream of air at 300°C for 4 hours.
Comparative Test &

A mixture of thorium oxide and alumina was prepared as in
Comparative Test 3 above. 5g of this material was mixed thoroughly
with 5g of silicalite in its H-form, also having a particle size
smaller than 100 mesh (BSS). This mixture was bound with 15g LUDOX
AS40 colloidal silica. After drying for 20 hours at 110°C the bound
catalyst was crushed and sieved to a particle size of 8-30 mesh before
calcining in air at 300°C for 4 hours.

B. EXAMPLES 1-8 AND COMPARATIVE TESTS 5 TO 8

Hydrocarbon conversion reaction using the catalysts of A(i) — A(viii)

and Tests 1-4:

Examples 1-3 and Comparative Tests 5 and 6

10 ml each of the catalysts from Catalyst Preparations A(i) -
A(iii) above and Comparative Tests 1 and 2 were charged in turm to a
fixed bed reactor. The reactor was pressurised to 50 bar under
flowing Ny (5L/hr) and the temperature raised to 150°C before stopping
N2 flow and commencing a flow of 1:1 CO/H; at a rate of 5L/hr,
measured at STP, while the temperature was raised at about 200°C/hr to
the reaction temperature as shown in the Table below. The flow rate
wassubseqﬁently adjusted to give the space velocities indicated in the
Table below. Heated off—-gases were analysed by online gas
chromatography and, where appropriate, they were passed through a
cardice/acetone cold trap and the liquid formed was then analysed.

The results of passing 1:1 CO/H2 over the various catalysts are
also shown in the Table 1 below.
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TABLE 1
Run Example 1|Example 2|Example 3|Test 5|Test 6
Catalyst from Prep. Prep. Prep. |{Test 1|Test 2
A(1) LA(41) A(iil)
Temperature °C 325 450 400 450 530
VHSV (1) 2000 800 905 500 960
HOS 8.5 4 8 4 7.5
% conversion of
co 9 48 55 17 22
Selectivity (2) 59 51 54 52 55
H/C, WIZ
c1 27.3 6.5 Sc7 31o4 32.2
Ca 5.3 5.5 20.8 15.0
C3 2.6 17.9 26.9 909 14.8
Cy= 8.4 12.0
Aromatics in :
Cgt %) 39.9 6l.4 85.5 - 42,7 88.1

(1) VHSV based on total catalyst volume and gas at STP

(2) Selectivity = 100 x CO converted to hydrocarbon
Total CO converted

It can be seen from the above that the results from Example 1 are

superior to those of Test 5 which were both carried out in the absence

of a

zeolite.

Moreover, Test 5 was carried out at a higher

temperature (450°C) and a lower space velocity than Example 1.

Similarly, Examples 2 and 3 are superior to those in Test 6 although

in this instance a zeolite was used as a catalyst component in each

case.
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Examples 4 and 5

10 ml of each catalyst from catalyst Preparations A(iv) and A(v)
above were charged in turn to a fixed bed reactor. The reactor was
pressurised to 50 bar under 1:1 CO/Hy, flowing at a rate of about

5 20L/hr, measured at STP. The temperature was raised at the rate of
about 200 degrees C/hr to the reaction temperatures as shown in Table
2 below, Heated off gases were analysed by online gas
chromatography. The results are shown in Table 2 below.

Comparative Tests 7 and 8

10 Comparative Tests 7 and 8 were conducted in a similar manner to
Examples 4 and 5 utilising in turn each of the catalyst preparations
described in the Comparative Tests 3 and 4 above. The results are
shown in Table 2 below.

TABLE 2
15
Run Example 4 Test 7 Example 5 Test 8
Catalyst from Prep A(iv) | Test 3 Prep A(v) Test 4
Temperature °C 441 465 465 450
20 VHSV (1) 2330 3050 2120 1000
HOS 0.5 0.5 0.5 1.5
X conversion of CO . 38 10 13.5 7.8
Selectivity (2) 61 52 51 53
25 H/C, wtX
C; +C _ 28.3 49,2 42 (3) ~ 80.3
C3 ) 12 17.5 13.3 (4) 7.9
Cs 18.7 4.6 22.5 (5) 3.8
Total Cs+ 41,0 28.6 22.3 7.7
30
Aromatics in Cs5+ (X) 61.7 94.0 - -
7
: ]
Notes (1) Gas flow rate measured at STP
. (2) Selectivity = 100 x CO converted to hydrocarbons
35 . Total CO converted
(3) Molar fraction ethylene in 3 = 0.30
(4) Molar fraction propylene in C3 = 0.45
(5) Molar fraction butene in C; = 0.63
40

m
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Example 6

Example 6 was conducted in a similar manner to Examples 4 and 5

above utilising the catalyst preparation described in A(vi). The

regsults are shown in Table 3 below.

5 TABLE 3
Run " | Example 6
Catalyst from Prep A(vi)
.| Temperature °C 375
10 "1 VHSV (1) 4160
% Conversion of C0(2) 6.7
H/C, wtZ
C 11.2
~15 Cy + Ca= 23.5
Cq 2.1
Cy= 6.8
C4 6.1
C4'(3) 48.2
20 Cg+ 1.9

(1) Gas flow rate measured at STP
(2) Methanol, hydrocarbon (H/C) and COy produced,

10 H/C = 45 wtZ
25 MeOH + H/C

(3) The great majority was isobutene.

Examples 7 and 8
Examples 7 and 8 were conducted in a similar manner to Examples 1

to 3 above utilising in turn each of the catalyst preparatioms
30 described in A(vii) and A(viii). The results are shown in Table 4

below.
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TABLE &

Run Example 7 Example 8

Catalyst from A(vii) A(viii) s
5 Temperature °C 380 414 .

VHSV (1) 2250 2000

HOS 3.7 3.5 .

X Conversion of CO "29.0 13.5
10 Selectivity (2) 58.0 57.0

H/C, wtZ

C3 23.9 22.4

Cy4 9.7 12.7
15 Total Cg+ 20.1 26.5

Aromatics in 77.6 72.8

Cs'l‘(Z)

20 (1) Gas flow rate measured at STP

(2) Selectivity = 100 x CO converted to hydrocarbon
Total CO converted

From these results it is clear that the catalysts of the present
invention show several advantages over prior art processes. Taking
25 the example of synthesis gas conversion:

(a) there is a low make of C; and C; hydrocarbons;

(b) carbon dioxide is a majér oxygenated product and hence there
is a built-in water shift reaction; therefore the process is
capable of using synthesis gases which have low hydrogen to

30 carbon monoxide ratios such as eg those derived from coalj

(c) the process gives a higher conversion of carbon monoxide than
achieved hitherto under similar conditions using analogous
catalysts eg Al;03 rather than Gay03; and

(d) a choice of end-products can be produced from the same

35 feedstock by varying the catalyst and this makes the catalyst
versatile. i
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Claims:

A process for converting synthesis gas to hydrocarbons by contacting
said synthesis gas with a catalyst composition, characterised in that
the catalyst composition comprises an oxide of at least one metal
selected from gallium and indium, and contains an oxide of at least
one additional metal selected from Group VIII and the B group elements
of Groups I - VII including the Lanthanides and Actinides of the
Periodic Table of Elements.

A process according to claim 1 wherein the additional oxide is that of
at least one metal selected from copper, zinc, scandium, yttrium,
lanthanum, titanium, zirconium, hafnium, chromium, molybdenum,
tungsten, manganese, rhenium, iron, ruthenium, cobalt, rhodium,
iridium, nickel, palladium, platinum, cerium, terbium, uranium and
thorium. _

A process #ccording to claim 1 or 2 wherein the catalyst composition
used contains in addition to the metal compounds a further component
capable of acting as support. )
A process according to claim 3 wherein the further component is a
crystalline silicate or a crystalline aluminosilicate.

A process according to claim 4 wherein the crystallinme aluminosilicate
has a silica to alumina ratio greater than 5:l.

A process according to any one of the preceding claims wherein the

catalyst composition used is pelletised or extruded together with a

binder.

A process for the conversion of s&nthesis gas to hydrocarbons having 3
to 4 carbon atoms by bringing the synthesis gas into contact with a
catalyst composition characterised in that the catalyst composition
comprises an oxide of at least one metal selected from gallium and

indium, and at least one additional oxide of a metal selected from

cerium, thorium and uranium.
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A process for conversion of synthesis gas to a gasoline rich in
aromatics by bringing the synthesis gas into contactiwith a catalyst
composition, characterised in that the catalyst composition comprises
an oxide of at least ome metal selected from gallium and indium, at
least one additional oxide of a metal selected from cerium, thorium
and uranium, and an aluminosilicate component which has a silica to
alumina molar ratio greater than 5:l.

A process according to claim 8 wherein the oxide of gallium and/or
indium in the catalyst composition has a surface area greater than
40 m2/g.

A process according to any one of the preceding claims wherein the
sfhthesis gas 1is brought into contact with the catalyst at a
temperature between 200 and 800°C and a pressure between 1 and

1000 bars.

K
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