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{57} Acompasitionforuse after reductive activation as a catalystin the conversion of synthesis gas to hydrocarbons of

¥ ey

carbon number greater than cne, which compaosition is represented by the formula:-

Au,CeO,

wherein

ais greaterthan zero and less than 1% wiw, based on the total waight of the composition, and
xis a number such that the valence requirements of the other elaments for oxyaen is satisfied.

is prepared by impregnating ceria with a non-aqueaus organic impregnation solution, for exam ple an acetone solution,

of 2 soluble thermally decomposabie ruthenium eampound otherthan a carbonyl.
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SPECIFICATION

Process for the production of a catalyst composition for use in the conversion of synthesis gas to
hydrocarbons

The present invention relates ta a process far the production of a cetalyst for use in the conversion of gaseous
mixtures principally comprising carhon monoxide and hydrogen, hereinafter referred to as synthesis gas, to
hydrocarbions of carbon number greatar than ane, in particular to aliphatic hydrocarbons in the gasoline boifing
range, and to the use of the catalyst so-producsd in the conversion of synthesis gas to the aforesaid
hydrocarbons,

The conversion of synthesis gas to hydrocarbons by the Fischer-Tropsch process has besn known for many
years but the process has only achieved commataial significance in countries such as South Africa where unigue
cconomic factors prevail. The growing importance of alternative energy sources such as coal and natural gas has
focussed renewed interest in the Fischer-Tropsch process as one of the more attractive direct and
envirgnmentally acceptable routes ta high quality transportation fuels.

Of the Group VIl metals, ruthenium has |ong been known to be one of the most active catalysts in the
conversiun of synthesis gas, the product, at moderate pressures and above, being high molecular weight poraffin
waxes and. at low pressures, principally methane. Severai recent patent publications, for example US Patents
Nos. 4,042,614; 4,171,320; 4,206,134; 4,413,064 and 4,410,637 and GB-A-2119277, describe and claim the
formation of different produets from synthesis gas using catalysts containing ruthenium as an active camponent.

US Patent No. 4,042,614 describes a process for the selective synthesis of olefins from C. to Cy; chain length
inclusive from synthesis gas using as catalyst ruthenium on a titanlum-containing oxide support, wherein said
titanium-contalning oxide support is selected from the group consisting of Ti0y, Z¢Ti0,, TiQ,-carbon,
Ti0,-A1,0,, TID,-8i0,, alkaline earth titanates, rare earth titanates and mixtures thereof.

USP 4,477,595 describes  process for the selective praduction of Cs-Cyy hydrocarbons contsining Ce- Can
hydtacarhans having a high paraffins content by contacting H,/CO mixtures with a ruthenium catalyst on a
support containing titanium oxide, nichium oxide, vanadium cxide or tantzlum oxide. A process is described for
preparing the catalyst wherein ruthenium was impregnated onto the meshed TiQ, by means of depositing &
ruthenium sait, eg RuCly or Ru{NO;),, by stiing the TiO, particles in excess acetone containing dissolved
ruthenium salt.

US Patent No. 4,171,320 describes o process for tha synthesis of olefins of from C, to Cy chain length
Inclusive from synthesis gas using as catalyst ruthenium on a support selected from the group consisting of V,0,,
szﬂs, Ta;05, AI;D;—V;Og, AIgO;-Nb;OE, AI;D_;—Ta;_Os. SiOz—VEOE, SiOz-NbZOE, SiOZ'Tﬂzo5. V;Oa-carbon,
Nh,0g-carbon, Ta;0s-carbon, alkaline earth-group VB oxides, alkali metal-Group VB oxides, Group IVB-Group
VB oxides and mixtures thersof.

USP 4,206,134 describes a process for the enhanced synthesis of C,-C, olefins with reducad production of
mathane from synthesis gas using as catalyst ruthenium on a managanese-containing oxide support, wharain
said manganese-containing oxide suppart is selected from the group consisting of MnQ, Aly05-MnO,
$i0;-Mn0, MnQ-carbon, Group IVB-manganese oxide, Group VB-manganese oxides, rare earth-manganese
oxides and mixtures thereof.

USP 4,413,064 describes a process for the conversion of synthesis gas to a product high in straight chain
paraffins in the diesel fuel boiling range from synthesis gas utilising a catalyst consisting essentially of cobalt,
thotla or lanthang and ruthenium on an alumina support wherein said aluming is gamma-alumina, eta-alumina or
a mixture thereof, said catalyst being prepared by contacting finely divided atumina with

{A} an aqueous impregnation sofution of a cobalt salt, and

{B) a nanaquasus, organic impregnation solution of a ruthenium gait and a salt of thorium or lanthanum.

USP 4,410,637 describes a process for the preparation of a hydracarbon mixture consisting substantially of
Ce-Cyz hydracarhans from synthesis gas using a catalyst containing ane ar more of iron, nickel, cobalt, chromium
and/or ruthenium and, as 8 carrier, magadita, a laminar crystalline silicate compound capabla of absarbing metal
ions or metal sals by intercatation.

The reaction of carbon monoxide and hydrogen on rare earth metal oxide catalysts is described in Chemical
Communications, 1983, page 763/764 by Kieffer et al. Catalysts studied were Pd-ta;0y and Pd-Dy,0;, both of
which wera prepared by impregnation,

Finally, GB-A-2,119,277 describes a catalyst for the selective synthesis of olefins from a mixture of hydrogen
and carbon monoxide or hydrogen and carbon dioxide comptising a ruthenium carbonyl compound deposited
on a ceri¢ oxide-containing support. It is stated that tha ruthenium carbanyl compound is belisved to be
decomposed on the cetic oxide-containing support undar the process conditions 1o give a highly dispersea
ruthenium metal catalyst By way of comparison a catalyst preparad by impregnating ceric oxide with an
aqueows sofutien of RuCl; - 3H,0 (ruthenium contant 0.62% w/w) is tested in Run 9 for the conversion of
synthesis gas. The mathane yield was 35.7% with a low olefin selactivity of 1.6%, the selectivity toward 1he
farmation of oxygenated products was 41.8% including 1,1% dimethyl ether end 1.1% propanol. Such methane
vields ara undesirably high and selectivity to olafins undesirably low,

Ws have now found that the disadvantages associated with the aforesaid impregnation method of preparing
ruthanium/ceria synthesis gas conversion catalysts can be 10 2 greater or lesser cxtent overcoms.

Accordingly, the present invention provides a process for the production of a composition for use after
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2 GB 2178334 A

reductive activation as a catalyst in the conversion of synthesis gas to hydracarbong of carban number greater
than one, which compesition is represented by tha farmuia:

Ru.,CeO, (i)

wherein a is greater than zero and less than 1% w/w, based on tha tazal weight of the composition, and x is a
number such that the valence requiraments of the other elematts for oxygen fs satisfied, which procass
comprises impregnating ceria with a nronagqueous. organic impregnation solution of a solyuble, thermatly
decompasable ruthenium compound other than a carbonyl.

1¢ It has been abserved that catalysts diffaring only from catalysts of the invention in the respect that their
ruthenium contant is greater than 1% w/w tend to produce iarge quantities of methans, the actual proportion of
methane increasing with increasing ruthenium content, whereas catalysts according to tha present invention in
which the ruthenium content is less than 1% w/w, preferably less than 0.5% w/w, are at the same time both
active and selectiva o hydrocarbons other than methane, and in particular to aliphetic hydracarbons of carbon

18 number greater than 2, of which Cg* hydracarbons form a major proportion, Moreover the selectivity to
unwanied carbon dloxide can be maintained within acceptable limits, unlike catalysts containing higher
ruthenium loadings.

Any suitable impregnation technique including the incigient watnass technique or the excess solution
technique, both of which are well-known in the art, may be emplayed for depositing the nanaqueaus, organic

20 solution of ruthenium on to the ceria support. The incipient wetness technique is so-called begause it requires
that the volume of impragnating solution be pradetermined so as to provide the minimum velume of solution
necessary to just wet the entire surface of the support, with no excess fiquid. The excess solutian technique, as
tha name implies, requires an axcess of the impregnating solution, the solvent thereafter being removed, usually
by evaparation.

25 Asrapgards the nonaguecus organie solvent, a variety of salvents may be emploved. These include ketones,
such as acstone, methyl ethyl ketone, and the like; alcohols, such as methanol, ethanol, propanal and the like;
liquid paratfinic hydrocarbons such as pentane, hexane and the like; amides such as dimethyl formamide, and the
like; aminas such as propylamine, and tha fike and ethars, such as diethylether, tetrahydrofuran and the like. A
preferred solvent is acetone.

3¢ Any soluble ruthenfum compound other than a carbonyl may be employed, for example a ruthenium salt or a
ruthenium complex. Suitable ruthenium salts include the nitrate, chloride and acetate, A preferred ruthenium
compound is the acetylacstonate.

The compositicn of formula (1) may incorporata an alkali metal, which for reasons of availability and cast is
suitably cither sodium or petassium. The aikali metal may suitably be pressnt in an amount up 1o 2% wiw,

35 preferably up to 1% w/w, sven more preferably up to 0.5% w/w, based on ths total weight of the composition.
The alkali metal may suitably be added by impregnation with either an aqueous or nonaguecus arganic solution
of a soiuble compound, for example the carbonata, nitrate or chloride. Impregnation may be effectad either
befere or after the addition of the ruthenium compound,

mptagnation may suitebly ba effected at room temperature, though elevated temperatures may be amployed if

40 5o desired.

Following impregnation, any sclvent remaining in the composition may suitably be evaporated off,

Thermally decompesable compounds comprised in the impragnated composition ara preferably thermally
decomposed in a discrete step, This may suitably be accomplished by heating the composition, suilably in a
stream of & gas, such as nitrogen, or an axygen-cantaining gas such as air, at a tempetature suitably in the range

46 from 250 to 600°C,

In order to convart the composition of farmula {1) into a catalyst far use in the conversion of syngas to
hydrocarboens having a carbon number graater than 1, it is generally nacessary 1o reductively activate the
composition, suitably by contact et elevated temperature with a reducing gas, for example hydragen, carbon
monoxide or mixtures theraof. A suitable reducing gas is for exampie hydragen which mey ba diluted with an

B0 inert gas such as nitrogan. Typically, the conditions employed may suitably be a pressure in the range from 1 to
100 bar and a temperature in the range from 150 to 380°C for a period of up to 24 hours or longer. Reductive
activation may be effected as a discrete step prior to use as a catalyst for the conversion of synthesis gas or it
may be incerporated into the synthesis gas coaversion profess.

Those skilied in the art will readily appreciate that it may be possible 1o combina the thermal decomposition

B5 step and the reductive activaticn stap into a single step under ¢eértain circumstances.

The present inventian also provides a process for the praductlon of hydrocarbons having a carbon number
greater than one from synthesis gas which process comprises contacting at a temperature in the range from 130
1o 400°C and a pressure in the range from 0 to 100 bar synthesis gas with a catalyst comprising the reductively
activated composition having the formula {1) produced by the procsss as hereinbefore described,

80  Reductive activation of the composition of farmula {1} may be conducted sither as a separate step outside the
8yngas conversion reactor, as a discrete step within the SYngas conversion raactor prior to syngas conversion or
within the syngas conversion reactor under syngas conversion conditions.

As is well knawn in the art synthasis gas principally compriges carbon monoxide and hydrogen and possibly
also minor amounts of carbon dioxida, nitregen and other fnart gases depending upon its origin and degree of

85 purity. Methods for preparing synthesis gas are established in the art and usually involve the partial oxidation of
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3 GB 2187334 A

a carbonaceous substance, a.g. coal. Alhternatively, synthesis gas may be prepared, for example by the catalytic
steam reforming of methana. For the purpose of the prasent invention the carbon manoxide to hydrogen ratio
may suitably be jn the range from 2:1 to 1:6. Whilst the ratia of the carban monoxida te hydrogen in the
synthesis gas produced by the aforesaid processes may differ from these ranges, it may be altered appropriately

& by tha addition of either carbon monoxide or hydregen, or may be adjusted by the so-callad shift reaction well
known ta those skilled in the art.

In a modification of the process for the production of hydrocarbans, there may be incorporated into the
catalyst an inext material, for example silica, It is preferred, howaver, to incorporate e zeolite, A suitable zeolite is
an MFI-type zeolita, for example ZSM-5 as described in US Patent No. 3,702,888, It is preferred to use the

10 hydrogan form of the zeolite which may he obtained by acid exchange or by thermal decomposition of the
ammonium-exchanged form of the zeolite. Preferably the atkali metal-frea camposition is modified by
incorporation of the zaolite. Suitably from 1 to 5, praferably from 1 to 2 peits by volume of zcolite is incorparated
per part by velume of the catalyst composition. Incorporation of 2 zeolite can improva the eslactivity to paraffinic
hydrocarbons,

18 The temperature is preferably in the range from 250 to 350°C and the pressure ig preferably in the range from
10 te 50 bar. The GHSV may suitably be in the range from 100 to 5000h~*.

The process may be carried out batchwise or continuously In a fixad bed, fluidised bed or slurry phase reactor.

The invention will now be further illustrated by the following Examplos.

20 CATALYST PREPARATION
Example 1 — Composition A (0.3% RufCe0,)

Authenium chloride (RuCly* 2H,;0, 0.47 ) was dissolved in 30 cm® of AnalaR acetono. This solution was
slowly added to Ce0, (60g) with continuous stiring, until a consistent paste was formed. A further 10 cm? of
acetone was used to ensure that all the ruthenium was washed onta the ceria, With continuous

25 stirring/kneading, the paste was driad over a steam bath until 8 uniform powder was formed. The powder was
stored in an oven at 150°C overnight prior to pretreatment.

Example 2 - Composition B (0.3% RufCe0,)
The method describad in Example 1 was used, except that [Ru(acac);) {0.71g) wae used instead of the
30 chloride,

Example 3 — Compasition € (0.3% Ru/0.1% K{Ce0,)
K2COa {0.12g) was dissolved in 30 cm? of water. This solution was added to Ce0y (B0g) with continuous
stirring. The resulting paste was dried over a steam bath with continuous stirring/knéading until a powder was
35 formed. A sacond solution, containing ruthenium chioride (RuCly- 2H,0, 0.46¢} dissalved in 30 ¢m® of AnalaR
acetone, was then slowly added to the 0.1% K/CeQ, in a manner similar to that described in Example 1,

Exampla 4 — Composition D {0.5% Ru/Ce0,)
This catalyst was prepared in a manner similar to Example 1. Ruthenium chloride (RuCl;- 2H,0, 0.75g) was
40 dissoivad in 50 cm® of AnalaR acetone and impregrated onto CeD, (80g).

Thermal Decompasition/Reductive Activation to Produca the Catalyst
Catalysts A to D
The compositions were pretreated as follows—
45
0.5°C/min 2'C/min  2°C/min 2°C/min
20°C —p 450°C—— 20°C— 12B°C—— 226°C—— 320°C_, 20°C
6h 2h 2h 6h
—in Nitrogegn— ———in Hydrogen

50
CATALYST TESTING
Exampia 5
Catslyst A was prassad 1o 4 tons and the resulting pellets crushed and sieved to BS5 8-20 mesh. The catalyst
was then loaded into a fixed bed reactor and reduced in a slow stream of hydragen with the following overnight
55 programme;

2'C 1°C/min 14 hours
10°C 1a80°C — 225°C L 225°C

60 Syngas (H2CO molar ratio = 2:1) was then introducad into the reactor, the pressure adjusted to 20 bar and the
run started.

Example 6
Example 5 was repeated excapt that Catalyst A wag replaced by Catalyst B.
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4 GB 2178334 A

Exampla 7
Exampla 5 was repeated except that Catalyst A was replaged by Catalyst C.

Exampia 8
5 Example 5 was repeated excapt that Catalyst A was replaced by Catalyst D.

Example 9
Exempla 8 was repeated except that Catalyst D was diluted with B85 8-20 mesh granules of silica in the ratio 3 peris
catalyst to 2 parts silica diluent. The catalyst may therefora be considered equivalent to a 0.3% Ru/Ce0, catalyst.
10
Examnple 10
Example 6 was repeated except that the Catalyst B was diluted with BSS §-20 mesh granules of hydragen
form of an MF! zeolite {silica:alumina maiar ratio = 24.8) in the ratio of 7 parts catalyst 10 5 parts zenlite.
The reaction conditions and the results obtained for Examples & to 10 are given in the Table.
16
TABLE

COHy molar ratio = 1:2
Pressure = 20 bar
20
Exarniple Catalyst  T/C GHSY %CO Carbon Molar Selectivity (%)* Cs* Froductivity
(W'} Converted CO, CH, C, C Cf KgimP catth

306 2500 45 17 17.7 8.3 73.7 505 188
282 2500 44 21 135 4.0 786 620 183
297 2500 o2 35 17.2 5.4 718 528 180
274 2600 23 13 19.3 6.1 718 420 102
297 2500 40 1.4 146 4.8 774 534 180
279 1250 42 3.0 M7 25 828 66& 98
30 " Oxygenates not included

25
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CLAIMS

1. A process for the production of a composition for use after radluctive activation as a catalyst in tha
36 conversion of synthesis gas to hydrocarbons of carbon numbesr graater than one, which compasition is
represented by the formula:—

Ru,Ce0, (1}

wherein a is greater than zero and less than 1% w/w, based on the total weight of the compaosition, and

40 % is 2 number such that the valance requiremants of the other elemants for axygen is satisfied, which
process comprises impregnating eeria with a non-agquanus organic impregnation salution of a soluble, thermally
decomposable ruthenium compound other than a carbonyl.

2. A proress according to claim 1 wherein impregnation s effected by either the incipient wetness technique
or the excess solution technique.

46 3. A pracass according to either claim 1 of claim 2 wharain the non-aqueous arganic solvent is sither a
ketune, an aleohal, a liquid paraffinic hydrocarbon, an amide, an amine or an ether.

4. A pracess according to claim 3 wherein the fnan-aquacus organic solvent is acetone,

5. A process according to any one of the preceding claims wherein the ruthenium compound is the
acetylacetonate.

B0 6. A process according to any one of the preceding claims wherein the compaosition of formiila {n
incorporates an alkall metal in an amount up to 2% wiw.

7. A process gccording to any one of the precading claims wherein thermally decomposable compounds
comprised in the. impregnated compaosition era thermally decompased by heating the compositicn at a
temperatura in the range from 260 to 600"C in a stream of gas which is either nitrogen or air.

86 8. A proeass according to any ane of the preceding claims wherein the composition of fortnula (nis
reductively activated by contact at elevated temperature with a reducing gas.

9. A process according to claim 8 whersin the reducing gas is hydrogen diluted with nitrogen.

10. A process for the production of hydrocarbans having a carbon nutber greater than one which process
comprises contacting at a temperature in the range from 180 to 400°C and a pressure in the range from 0 ta 100

B0 bar synthesis gag with & catalyst comprising the reductively activated composition having the formula (1)
produced by the process as claimed in claims 1 to 9.
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11.
12.

GB 2187334 A

13.

A process according to claim 10 whersin the catalyst ingorporates a zeclite.
A process according to claim 11 wherein the zeolite is ZSM-5 in the hydrogen form.

A pracess according to any ana of claims 10 to 12 wherein the temperature is in the range from 250 to
350°C and the pressure is in the ranga from 10 to 50 bar.
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