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@ Syngas conversion catalyst, its production and uses thereof.

Hydrocarbons having a carbon number greater than one
are produced by contacting synthesis gas at elevated tem-
perature and atmospheric or superatmospheric pressure with
a catalyst having a composition represented by the formula:

Co,.A,.La..Ce0, 0]

wherein A is an alkali metal,

a is greater than zero and up to 25% wiw.

b is in the range from zero to 5% w/w,

¢ is in the range from zero to 15% wiw,

x is @ number such that the valence requirements of the
other elements for oxygen is satisfied, and the remainder of
the composition, subject to the requirement for x, is cerium.
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SYNGAS CONVERSION CATALYST, ITS PRODUCTION AND USES THEREOF

The present invention relates to the use of a novel catalyst
in the conversion of gaseous mixtures comprising principally carbon
monoxide and hydrogen (synthesis gas) iato hydrocarbons of carbon
number greater than ome, in particular into aliphatic hydrocarbons
in the gasoline boiling range. '

The conversion of synthesis gas into hydrocarbons by the
Fischer-Tropsch process has been known for many years but the
precess has only achieved commercial significance in countries such
as South Africa where unique economic factors prevail. The growing
importance of alternative energy sources such as coal and natural
8as has focussed renewed interest in the Fischer-Tropsch process as
one of the more attractive direct and environmentally acceptable
routes to high quality transportation fuels.

Many metals, for example cobalt, nickel, iron, nolybdenum,
tungsten, thorium, ruthenium, rhenium and platinum are known to be
catalytically active, either alone or in combination, in the
conversion of synthesis gas into hydrocarbons and oxygenated
derivatives thereof. Of the aforesaid wetals, cobalt, nickel and
iron have been studied most exteansively. Geunerally, the metals are
used in combination with a support material, of which the most
common are alumina, silica and carbon.

The use of cobalt as a catalytically active metal in
combination with a support has been described in, for example,
EP-A-127220, EP-A-142887, GB-A-2146350, GB~A-2130113 and
GB-A-2125062. EP-A-127220, for example, discloses the use of
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a catalyst comprising (i) 3-60 pbw cobalt, (ii) 0.1-100 pbw
zirconium, titanium, ruthenium or chromium per 100 pbw silica,
alumina or silica-alumina, (i1ii) the catalyst having been prepared
by kneading and/or impregnation.

Rare earth metals have also been used in a promotional capacity
as components of syngas conversion catalysts. Thus, for example,
J5 9179154A describes a syngas conversion catalyst obtained by
depositing a catalytic iron group metal, preferably cobalt or irom,
with manganese oxide, a platinum group metal, preferably ruthenium,
rhodium, palladium, platinum or iridium, and at least one of alkall
metal oxide, preferably potassium, sodium, lithium, cesium or
rubidium or an alkaline earth metal oxide, for example magnesium,
calcium, barium or strontium, or a rare earth metal oxide,
preferably lanthanum, cerium, praesodymium or samarium, on a
catalyst carrier consisting of silica and/or alumina.

We have now found that cobalt in combination with ceria and
optionally also lanthana, optionally promoted by an alkali metal,
catalyses the conversion of syngas into higher (C34) hydrocarbons.

Accordingly, the present invention provides a process for the
production of hydrocarbons having a carbon number greater than one
by contacting the synthesis gas at elevated temperature and
atmospheric or superatmospheric pressure with a solid catalyst

characterised in that

the catalyst has a composition represented by the formula:
Cog.Ap.Lag +CeOy : ()

wherein A is an alkali metal
a is greater than zero and up to 252 w/w,
b is in the range from zero to 5% w/w,
c is in the range from zero to 15% w/w,
x is a number such that the valence requirements of the
other elements for oxygen is satisfied, and the remainder of
the composition, subject to the requirement for x, is
cerium,

the percentages w/w being based on the total weight of the

composition.
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In the formula (I) A is an alkali metal, which largely for
reasons of availability and cost, isiprefetably either sodium or
potassium. Preferably the amount (b) of alkall metal is less than
2% w/w, even more preferably it ia zero. The‘Qalue of a in the
formula (I) 1s suitably less than 5% w/w, preferably less than
1% w/w. The value of ¢ in the formula (1) is preferably greater
than zero and preferably less than 10% w/w. ‘

Cerium may be present in the composition either alone or
admixed with lanthanum or lanthanum and other lénthanide rare earth
metal(s) oxides, such as for example those coumonly found 1n
commercially available technical grade ceria.

The catalyst having the formula (1) may be prepared by a
variety of processes, for example by 1nptegnacion, by precipitation,
by coprecipitation, by cogelation or by vapour deposition, or by any
other process. One method of preparing the catalyst of formula (I)
involves impregnating a ceria support with a solution of a soluble
cobalt compound. The solution may be an aqueous solution or a
solution in an organic solvent of a énltabléxcompound. Suitable
compounds include cobalt complexes, for exanplé cobalt (II)
acetylacetonate and cobalt (III)'acetylacetonate. aﬁd cobalt salts
such as a nitrate or a halide. In those cht&lyﬁts‘incgfporating an
alkali wetal, this may either be impregnated on to the rare earth
metal oxide support simultaneously with the cobalt or may be added

"at a later stage in the preparation.

Alternatively, the cobalt nay'be"precfpitated on to the rare
earth wmetal oxide support from a solution of a soluble compound
thereof by treatment with a suitable preciﬁitant, suitably by
(A) bringing together at a temperature below 100°C ceria, a

solution of a soluble compound of cobalt and a precipitant

under conditions whereby cobélt is precipitated in the form of

a heat decomposable compound, and |
(B) recovering the mixture of the ceria and the precipitated cobalt

compound obtained in step (A), |

The amounts of the reagents employed should be such as to
satisfy the stoichiometric relationships in the formula (I).
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In step (B) of the process of the invention the precipitate obtained
in step (A) is recovered. This may suitably be accomplished by
filtration but other methods for separating solids from liquids, for
example centrifugation, may be employed. After recovery it is
preferred to wash the precipitate, sultably with water, so as to
remove unwanted residual soluble matter. It is also preferred to
dry the precipitate, suitably at an elevated temperature below
200°C, for example about 150°C.

In a modification of the precipitation method hereinbefore
described, a cerium compound or compounds convertible to ceria may
be coprecipitated together with a cobalt compound.

For those catalysts containing lanthanum, the lanthanum may be
incorporated at any stage in the preparative procedure.

Irrespective of whether the composition is prepared by
impregnation, precipitation or coprecipitation or by any other
method, it is preferred to carry out one or more additional steps
before the composition is used as a catalyst. Thus it is preferred
to roast the composition, suitably by heating it in, for example, a
stream of gas such as nitrogen or air at a temperature suitably in
the range from 250 to 600°C. It is also preferred to reductively
activate the composition, suitably by contact at elevated
temperature with a reducing gas, for example hydrogen, which may be
diluted with nitrogen. Typically, the conditions employed during
the reductive activation step may suitably be a pressure in the
range from 1 to 100 bar and a temperature in the range from 150 to
500°C for a period of up to 24 hours or longer. Whilst it is
preferred to effect the reductive activation step as a discrete step
prior to use as a catalyst for the conversion of synthesis gas, it
may be incorporated into the synthesis gas conversion process.

As 18 well known in the art synthesis gas principally comprises
carbon monoxide and hydrogen and possibly also minor amounts of
carbon dioxide, nitrogen and other inert gases depending upon its
origin and degree of purity. Methods of preparing synthesis gas are
established in the art and usually involve the partial oxidation of

a carbonaceous substance, e.g. coal. Alternatively, synthesis gas
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may be prepared, for example by the catalytic steam reforming of
methane. For the purpose of the present invention the carbon
monoxide to hydrogen ratio may suitably be in tﬁe range from 2:1 to
1:6. Whilst the ratio of the.éarbbn monoxide to hydrogen in the
synthesis gas produced by the aforesaid processes may differ from
these ranges, it may be altered appropriately by the addition of
either carbon monoxide or hydrogen, or ng§ be adjusted by the
so-called shift reaction well known to those skilled in the art.

The elevated temperature ﬁéy'éuftably'be in the range from 190
to 400°C, preferably from 200 to 350°C. The pressure may suitably
be in the range from 0 to 100 bar, preferably fron 10 to 50 bar.
The GHSV for continuous operation may suitably be in the range from
100 to 5000h~1.

The process may be carried but batchwise or continuously in a
fixed bed, fluidised bed or slurry phase reactor.

In a modification of the process of the present invention the
catalyst of formula (I) may incorpornte a suftable
porometallotectosilicate. The poronetallotectoailicate may suitably
be an aluminosilicate zeolite, preferably an aluminosilicate zeolite
having a high (that is greater than 10:1) silica to alumina ratio.
Suitable aluminosilicate zeolites include, but are by no means
restricted to, zeolite ZSM~5.

In a further modification, the process of the invention may
include & further step in which the product, or at least a portion
thereof, obtained by contacting synthesis gas with the catalyst of
formula (I) is up-graded by, for example, oligomerisation of lower
olefins preseat therein to higher hydrocarbonslin’the manner
described in, for example, US~-A-4544792, US~A-4520215 and
US-A-4504693; hydrocracking in the maﬁner'deécribed in, for example
GB-A-2146350; cracking and isomerisation of heavy by-products in the
manner described in, for example, US-A-4423265 and up-grading in the
manner described in, for example AU-A-8321809 andvGB~A~2021145.

The invention will now be further illustrated by the following
Examples. In the Examples CO conversion is defined as moles of CO
used/moles of CO fed x 100 and carbon seléctivity’as moles of CO



10

15

20

25

30

35

6 0209980

attributed to a particular product/moles of CO converted x 100.
A. CATALYST PREPARATION
Cobalt/ceria catalysts were made by impregnating dry powdered

ceria with a solution containing a cobalt compound. Cobalt loadings
of 0.2, 0.3 and 0.5% w/w were tested.
Example 1 0.2% Co/Ce0;

0.75 g of [Co(III)(acac)3] was dissolved in 35 cm3 of analar
acetone. This solution was slowly added to 60 g of Ce0y with
continuous stirring until a uniform paste was formed. The paste was
dried over a steam bath, again with continuous stirring/kneading,
until 2 uniform powder was obtained. The powder was stored in an
oven at 150 °C overnight prior to pretreatment.

Example 2 0.3% Co/Ce02

The same method as described in Example 1 was used with 1.15 g
of [Co(III)(acac)3] being dissolved in 60 cm3 of analar acetone.
Example 3 0.3% Co/Ce0;

The same method as described in Example 2 was used except that
0.8 g of [Co(II)(acac)y], dissolved in 55 cm3 of analar acetone, was
impregnated outo 60 g of Ce0j.

Example 4 0.5% Co/Ce07

The same method as described in Example 3 was used with 1.35 g
of [Co(II)(acac)y] being dissolved in 150 cm3 of analar acetone.
Example 5 0.2% Co/Ce0y '

[Co(acac)3] (0.75 g, 2.1 mmol was dissolved in analar acetone
(35 cm3). The solution was slowly added to a glass dish containing
Ce0y (60 g), with continuous stirring until a consistent paste was
formed. A further portion of acetone (10 cm3) was used to ensure
all the [Co(acac)3] was washed onto the ceria. The paste was dried
over a steam bath, with continuous stirring/kneading, until the
impregnated ceria became a powder. The powder was then dried in an
air oven overnight at 150°C prior to pretreatment.

Example 6 1.4% Co/10% Laj03/Ce0p :

Co(N03)36H20 (3.5 g, 12.0 mmol) was dissolved in analar acetone
(15 mmol) and added to a solution a La(NO3)3 6H20 (13.3 g, 30.7

mmol) dissolved in analar acetone (15 mmol).
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The solution was slowly added to Ce02 powder (50 g, ex J.M)
with careful stirring/kneading until a consisteat paste was
obtained. The paste was dried on the steam bath until a dry powder
was obtained, which was then dried overnight in an air oven at
150°C. ‘

The material dried into a solid block and no pressing was
necessary. ' 8
Example 7 2.1% Co/10Z La303/Ceg2

This catalyst was prepared in an identical manner to the
catalyst of Example 5, the amounts of materials employed being
altered in accordance with the above stoichiometry.

Comparison Test 1 0.3Z Fe/Ce0,

Example 1 was repeated except that 1.12g of [Fe(XII)(acac)3]
was dissolved in 60 cm3 of analar acetone instead of 0.75 g of
[Co(IXI)(acac)3] being dissolved in 35 cm3 of analar acetone.

Comparison Test 2

Example 1 was repeared except that 0.80 g of [Ni(IIj(acac)z]
vas dissolved in 60 cm3 of analar acezone instead of 0.75 g of
[Co(III)(acac)3] being dissolved in 35 cm3 of analar acetone.

Be. CATALYST PRETREATMENT
The Co/Ce0y powders obtained in Examples 1 to 4 and Comparison

Tests 1 and 2 were treated individually as follows:-

The powder was heated in an atmosphere of nitrogen at a rate of
0.5°C/min to 450°C at which temperature it was held for 6 hours
before being allowed to cool again to room temperature, the whole
operation being conducted in the nitrogen atmosphere. In a
hydrogenatmosphere, the powder was heated at a rate of 2°C/minute to
125°C, maintained at this temperature for 2 hours, heated again at
2°C/minute to 225°C, held at this temperature for 2 hours, heated
again at 2°C/minute to 320°C, held at this temperature for 6 hours
and finally allowed to cool to room temperature, all in the hydrogen
atmosphere.

The treated catalyst was then pressed to 4 tons and the
resulting pellets crushed and sieved to BSS 8~20 mesh. The catalyst

was then loaded into a reactor and reduced In a slow stream of
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hydrogen as follows:- heating at 2°C/minute to 150°C, then at

1°C/minute to 225°C and holding at this temperature for 14 hours.
The cobalt/ceria powder of Example 5 was pretreated (after

pressing to 1 ton) in the manner of the following scheme:

0.5°C/min 6.0h 10°C/min
R/TO 7450°C —" 450°C =R/ (1)
€ N2 4
3°c/min 6.0h 10°C/min
R/TO ?400°C——> 400°C Y R/T (2)
\3 Ho : —

The catalyst was pressed to 4 tons and then sieved to pass 8-20
mesh BSS.
The catalyst was then loaded into a reactor and reduced in a
slow stream of hydrogen at 320°C.
The catalysts of Examples 6 and 7 were pretreated (without
pressing) in the manner of the following scheme:
3°C/min 6.0h 10°C/min
R/TC # 450°CT— % 450°C
- N2 .
3°C/min 6.0h 10°C/min
R/TO — 400°C ————— 400°C IR/ TO
N Hp >

-

R/TO

-

The catalysts were sieved to 18-25 mesh BSS and loaded into the
reactor.

The catalysts were reduced in the plant at 400°C/Hj.
C. CATALYST TESTING

Examples 8 to 11 and Comparison Tests 3 and &

At the end of the catalyst pretreatment of B above, syngas was
introduced into the reactor containing in turn the pretreated
catalysts of Examples 1 to 4 and Comparison Tests 1 and 2 with the
pressure adjusted to 20 bar. The conditions were adjusted to those
shown in the Table.

The results of testing the pretreated catalysts of Examples 1
to 4 and Comparison Tests 1 and 2 are shown as Examples 8 to 11 and

Comparison Tests 3 and 4 respectively in Table 1.
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Example 12

At the end of the catalyst pretreatment of B above, syngas was
introduced into the reactor containing the pretreated catalyst of
Exanple 5 under the conditions shown in Table 2.
Examples 13 and 14

At the end of the catalyst pretreatment oi B above, syngas was
fatroduced into the reactor containing in turn thé pretreated
catalysts of Examples 6 and 7 under the conditiona shown in Table 3.

The results of testing the pretreated catalysts of Examples 6
and 7 are shown as Examples 13 and 14 in Table 3.

The resulsts of testing the pretreated eatalyst of Example 5 is
ohoun as Example 12 in Table 2.

With reference to Table 1, the results shown for Examples 9 and
10 demonstrate that there is no significant différence in catalyst
performance between a catalyst having a Co (II) ﬁrécuraor and one
having a Co (III) precursor.

At identical low loadings (0. 32), the. aupported iron and nickel -
catalysts are inferior in all respects to the supported cobalt
catalysts.
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the valye of ¢ in the formula (I) is greater than zero.

6. A process according to any one of the preceding claims wherein
the catalyst incorporates a porotectometallosilicate.

7. A process according to claim 6 wherein the
porotectometallosiliscate is an aluminosilicate having a silica to
alumina ratio greater than 10:l.

8. A process according to any one of the preceding claims wherein
before use the catalyst having a composition according to formula
(1) 1s reductively activated.

9. A process according to any one of the preceding claims wherein
the elevated temperature is in the range from 190 to 400°C and the
pressure is in the range from 0 to 100 bar.

10. A process according to any one of the preceding claims
including a further step whereby the product, or at least a portion
thereof, obtained by contacting synthesis gas with the catalyst
composition of formula (I) is up—graded.

14
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