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which is a hydigthewks gas, i.e. a mixture of carbon monoxide and
hydrogen, is well known in the art and is commonly

10 referred to as Fischer-Tropsch synthesis.

Catalysts suitable for use in a Fischer-Tropsch
synthesis process typically contain a catalytically
active metal of Group VIII of the Periodic Table of the
Elements (Handbook of Chemistry and Physics,

15 68th edition, CRC Press, 1987-1988) supported on a
refractory oxide, such as alumina, titania, zirconia,
silica or mixtures of such oxides. In particular, iron,
nickel, cobalt and ruthenium are well known catalytically
active metals for such catalysts. Reference may be made

20 to EP-A-398420, EP-A-178008, EP-A-167215, EP-A-168894,
EP-A-363537, EP-A-498976 and EP-A-71770.

There is a continuous interest in finding catalysts
for use in the Fischer-Tropsch synthesis which provide an
improved activity and an improved selectivity in the

25 conversion of carbon monoxide into valuable hydrocarbons,
in particular hydrocarbons containing 5 or more carbon

atoms (“Cg+ hydrdcarbons” hereinafter), and which



carbon frequently considered as being of |ower value. US-A-5545674

di scuses the use of shell catalysts in the Fischer-Tropsch synthesis. These
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respect to the formation of Cg+ hydrocarbons, and they

suppress the formation of methane.
Apart from Fischer-Tropsch synthesis processes, shell

15 catalyst may be used in other chemical conversion
processes, in particular where diffusion limitation plays
a role.

For a high reaction rate or reactor productivity it
is desirable to have a large quantity of the

20 catalytically active metal in the outer layer of the
shell catalyst particles. According to US-A-5545674 and
references cited therein, this can be achieved by
repeated impregnation of a solution comprising the
catalytically active metal into the carrier particles,

25 using an immersion or a spraying method, with
intermediate drying steps and calcination steps. Not only
is this multi-step process cumbersome and time consuming,
but by applying the (repetitive) impregnation method,
some of the catalytically active metal may penetrate into

30 layers of the catalyst particles which are deeper then
desirable, in which case the shell catalyst adopts more

of the characteristics of a catalyst which has the



catalytically active netal dispersed evenly throughout the catalyst
particles. The present invention provides a nethod by which in a sinple
manner avebet7saetal catal yst can be nmade which 5 has a | pReyePqusnili ty of
the catalytically active nmetal dispersed in the outer |ayer of the

catal yst particles. Furthernore, the inner layers of the catalyst
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on t he meightR@ﬁaﬂhefﬁﬁhﬁﬂenahkﬂﬁ\ﬁie skilled person to change bulk
properties of the catalyst, without changing
substantially its chemical properties. Such bulk
15 properties may be the density, the heat conductivity and
the strength. Even, hollow catalyst particles may be
made, i.e. catalyst particles of which the core is a
partially or completely empty space.
The present invention provides a process for
20 preparing a shell metal catalyst or a precursor of a
shell metal catalyst which process comprises the steps of
(1) applying a slurry comprising a diluent, a
catalytically active metal or a precursor compound
thereof, and optionally a refractory oxide (“first
25 refractory oxide” hereinafter) of an élement having an
atomic number of at least 20 or a precursor of the first
refractory oxide, onto the surface of particles of a core
carrier, forming a wet coating, and
(2) removing at least a part of the diluent from the wet
30 coating, .
wherein the slurry comprises at least 5 %w of the

catalytically active metal or the precursor compound

thereof, calculated on the weight of the metal relative



WO 02/ 07882 PCT/ EP01/08021 4 to the weight of calcination residue which
can be formed. fromthe slurry by drying the slurry and cal ci ning. The
present we@envisen al so provides a shell netal catalyst oPCHEpo@sozisor of a
shell netal catalyst which 5 is obtai nablg by the process of this

i nvention, and to the use of the shell al catalyst in a chenical
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core carrier which is of a netallic
wherein the catalytically active metal comprises a
Group VIII metal which is present at least partly in
metallic form.

15 The core carrier which is used in step (1) of the
process of this invention comprises preferably a material
with a relatively low surface area, because the lower the
surface area, the less will be the chance that the core

carrier itself exhibits catalytic activity. Preferably,

20 the core carrier has a BET surface area of less than

20 m2/g, in particular less than 10 m2/g. The BET surface
areas as quoted herein are deemed to be based on
BET surface area measurements according to ASTM D3663-92.
The core carrier comprises frequently an inorganic
25 material, such as a refractory oxide (“second refractory
oxide” hereinafter), a ceramic material, a metal or a
carbon. Suitable second refractory oxides for use as the
core carrier are silica, alumina, zirconia, magnesia and
titania, and mixtures thereof. Silica and alumina are
30 preferred. .
The use of a core carrier which is of a metallic
nature may be advantageous because it provides a shell

catalyst which is strong and which has a relatively high



nat ure may be advant ageous because it provides a shell catalyst which is
strong and which has a relatively high WO 02/ 07882 PCT/ EPO1/08021 - 5
heat condw@p2/wis8y. A relatively high heat conductivity i sPCHEr@nisezyeous
when the shell catalyst is used in a process where a substantial quantity
of heat needs to be transferred fromor o the reaction mixture, such as
in a5 Fischehedtopsabiusyntiesi.s Aprecassvedyr anghandaheabnagerdyctive
catal ysts are _especially useful for application in a packed bed reactor,
in particularagvaﬁgéﬁ§8uﬁe&h@§a$PSrSééiﬁgﬁéﬁaéﬁéteQEiEp@d foracareygeng out
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20 or of an o L eri u p other _resinous
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carrier of very low density. As a matter of definition, the renoval of the
core carrier Pscagemedftshpérareéptagehegniow density, aluminium and

mixtures comprising aluminium are preferred, for example

mixtures which comprise at least 95 %w aluminium. Such
15 mixtures comprise frequently at most 99.9 %w aluminium.
Aluminium containing mixtures may comprise from 0.1 to
3w of contaminants selected from, for example,
magnesium, silicon and copper.
The core carrier may be partly or wholly of a carbon
20 or of an organic material, such as a polymer or another
resinous materials. Examples of suitable organic
materials are polystyrenes, polyolefins, celluloses,
hydrocarbon resins and epoxy resins. The carbon or the
organic material may be removed in a later stage, for
25 example during a calcination step as described
hereinafter, in which case hollow catalyst particles are
obtained or catalyst particles which have a core carrier
of very low density. As a matter of definition, the
removal of the core carrier is deemed to be a replacement
30 of the core carrier by a core which is an empty space,
and the resulting (partially) hollow catalyst particles
are therefore deemed to be included within the term

“shell catalyst”.



30 of the core carrier by a core which is an enpty space, and the
resulting (partially) hollow catal yst particles are therefore deened to be
i ncl uded wdohorsst he term "shell catalyst”. WO 02/07882 PeTT/EP@10808021 6
The surface of the core carrier may be pre-treated to achieve a better
adhesion of the coating to the core «carri®er, in particular after an
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at elééated ?%ﬁpgggﬁgﬁégﬁgfzf§r§b|?Yaﬁe%oyéﬁﬁe%EPHFétﬁsﬁméﬁggXOO and 750

C, nore pref ecabkeyibet ween s4GFaardwd38 €. cbheihy.duwhaki ornef cbhe
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vol une average dianeter of the particles of the

calcination, for example by heating at elevated
temperature, preferably at a temperature between 400 and
750 °C, more preferably between 450 and 650 °C. The

15 duration of the calcination is typically from 5 minutes
to several hours, preferably from 15 minutes to 4 hours.
Suitably, the calcination is carried out in an oxygen-
containing atmosphere, preferably air.

The slurry comprises a diluent, as a continuous

20  , phase, and in the diluent a dispersed solid.

] The skilled person will understand that the particles
of the core carrier will be larger in size than the
particles which constitute the dispersed solid. The
latter particles may be the particles of a fine powder,

25 whilst the particles of the core carrier may be a coarser

material.

The volume average diameter of the particles of the
dispersed phase is suitably from 0.0001 to 0.15 mm,
preferably from 0.0002 to 0.1 mm, in particular from

30 0.0005 to 0.05 mm. The volume average diameters as

specified in this patent document are invariably the
volume average particle diameters as determined by using

a MASTERSIZER MICRO PLUS instrument (trademark of Malvern
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I nstrunents, d... . United Kingdony .ysi the calculation nethod designated
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particles which,are to be prepared. Any shape may be applied which is
sui table for é‘{’r}ﬁlhil@at%tooﬁqcﬁpnéﬁsghem cal process in 15 which the shell netal

catal yst may be uged s3uict 3 eheshapescace Her exapphe spheres, gyl inders
and rings. It 1is also conceivable that suitable particles conprise a _

| unpy nat eri altYicRddy Fnml 10.dé5 rt@d%ﬁépe&nrlh@r@i rtu’@n]tcaddw ﬁetoaun organi ¢
di l uent, suchpa |=0 | c |, a_l r ketone, .a lower ester, or a
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determine the shape of the shell metal catalyst particles
which are to be prepared. Any shape may be applied which
is suitable for application in a chemical process in

15 which the shell metal catalyst may be used. Suitable
shapes are for example spheres, cylinders and rings. It
is also conceivable that suitable particles comprise a
lumpy material without a well defined shape.

The diluent may be an organic diluent, such as a

20 lower alcohol, a lower ketone, a lower ester, or a lower
ether, for example ethanol, acetone, methyl ethyl ketone.
ethyl acetate, diethyl ether or tetrahydrofuran. When the
term “lower” is used herein in conjunction with an
organic compound the term specifies that the organic

25 compound has at most six carbon atoms, in particular four
carbon atoms. More suitable diluents are aqueous
diluents, such as a mixture of the organic diluent and
water, preferably comprising at least 50 %$w of water and
less than 50 %w of the organic diluent, based on the

30 total weight of the diluent. Most suitably, water is used
as the single diluent.

The solids content of the slurry may differ widely.

Preferably the solids content is in the range of from 0.5
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i h i £ I d th of
conpr i ses t he coal Al £R) | Y A0HY GIBLAl 01, 4 ALEEUISOTC Sompou ere

and no first ory o e Oor a precursor ereof i s”pres , the shell
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the catal ytical IRFHEtT H@f%e%ﬁ?’ %teptﬁ'é’cuﬁ%?ﬁe%?ﬁﬁ)mq [sTLsqs fihe
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covered with ahesraet ag dip dolprt seesfnadwt diy saxirdd raacteomramim@suppor ti ng

the catalyti t or_.a precursor, co und thereaqaf. This may
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supported cat dlri;fse[ni'drorh I?ﬂ%diﬂr@é‘i’attqﬁ-‘é’f ggfprise the core carrier

covered with a layer of the catalytically active metal or
a precursor compound thereof.
It is however preferred that the shell metal catalyst

15 or its precursor which is prepared in accordance with the
invention comprises the core carrier covered with a layer
which comprises the first refractory oxide supporting the
catalytically active metal or a precursor compound
thereof. This may be achieved by employing as the

20 dispersed solid the first refractory oxide which supports
the catalytically active metal or a precursor compound
thereof. In this embodiment, the dispersed solid is
preferably a supported catalyst or a precursor thereof
which is obtainable by spray drying, optionally with

25 subsequent calcination, as described in W0-99/34917. The
same can also be achieved by employing the first
refractory oxide or a precursor thereof as the dispersed
solid and employing catalytically active metal or a
precursor compound thereof as an additional dispersed

30 solid and/or dissolved in the diluent. In the latter
embodiment the slurry is preferably a slurry which can be
made as described in W0-99/34917, designated in
WO-99/34917 for use in the spray drying process.
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p f{éﬂ%lé‘és e rffc?&ﬁeé:@. w, in q%anétgﬁcﬁ}/l in ttf'}/e S G

particles in t urry, or ot w se. Tn ernative e t he
slurry0i s madefsimmil @ ameod®| $w i dH tlearaat algyoida Stemdthue eyt £xagwpl e by
wetting the particles of the core carrier with the diluent and 20

subsequent | y cotft dtTHY 1Me TRARVPPartTd¥s it HiISae iBRSdrticul ate
form During the said LOMALHNY Bd&RQ idkparately from carrying out

step (1). For example, the slurry may be made and
subsequently applied onto the surface of the particles of

15 the core carrier, by spraying or by immersing the
particles in the slurry, or otherwise. In an alternative
embodiment the slurry is made simultaneously with
carrying out step (1), for example by wetting the
particles of the core carrier with the diluent and

20 subsequently contacting the wetted particles with solid
in particulate form. During the said contacting the solid
in particulate form is dispersed in the diluent, thus
forming the slurry, with simultaneous formation of the
wet coating. This contacting may be by sprinkling or

25 dusting the solid onto the wetted particles or by
tumbling or rolling the wetted particles in the solid.

When the slurry is made separately from carrying out

step (1), the ingredients of the slurry may be mulled
together, typically for a period of from 5 to

30 120 minutes, preferably from 15 to 90 minutes. The
mulling process may be carried out over a broad range of
temperatures, preferably from 15 to 90 °C. The mulling

process is conveniently carried out at ambient pressure.



in particulate formis dispersed in the diluent, thus formng the slurry,
with sinmultaneous formation of the wet coating. This contacting nmay be by
sprinkl i mg002/0782 dusting the solid onto the wetted parti cPEFERI1/I3921
tunbling or rolling the wetted particles ip the solid. Wen the slurry is
made separately fromcarrying out step (1;, the ingredients of the slurry
may be mul | ed oget.her.,. typically .far. a peri.od._of from5 to 30 120

m nutes, pref éqrnélb%ﬁuft{ra(%jr%eﬁ qoém‘b‘ifycrﬁ yesa.vaﬂjré%lrﬁuln}ui 0% RS eayase
carried out ower emdlgadi.range of tenperatures, preferably from15 to 90
C. The mulling process is conveniently carried out at anbient pressure. WO
02/ 07882 PCT/ EP01/(8621 Prefpgyregn fosdincaide, ieoirer cilaitry avai labensul | i ng

machi ne may  be gmheyedridd 4 refery Lncl.ude i e_slurry one or
nore flowinpr gvi ng agenltn é—:‘r?% g’rs 5‘21&/?’% :ﬁ’%pécg%% g’ gﬁ%ntljt%r ﬁa-ndsb
materials. Suchtadditiceinied sandudheiadditd varse akiowihelin ulske aafet knefun fier

exanpl e WO-99/34917. A suitable nethod _and apparatus for spraying the
slurry onto tf epgrrtti'clcécg' 4 ke 8QrP%dr % Tknown from Arntz et al .,

in "Preparation of Gatilay3ts mk¥hodl@nB Q?b@'atﬁts gbr 6BI8vhingELpRVI er,
1987, p. 137 ff. It is not necessary that the core carrier pgrtlcles are
conpl et el y cowdiéd ybynitive thst pegaticdgs i ttalsl gorat caredstr 88%kafowrhe t ot al

surface avail ghlg | vered,, nore Wsuitably.at | t.90%is ver ed.
Preferably the gglr é%f%%c%cr i%elr"péLr i% gi)%é‘ﬁra}eélggrrﬁ etﬁgltfil 88\‘}&@ . 'The
t hi ckb@ss of Bh@edsionceat ialg i(Edaat) , mElekivdlert,0198hi,spi.nuent irgn. Thus, the
t hi ckness of the wet coatin may be chosen within w de ranges. The

g . .
thi ckness of the Ilet-ScHRLi RGCPSSeYt AbRF $HEnCEREL Carréprdppirtd cans

are completely covered by the wet coating. Suitably, at
least 80% of the total surface available is covered, more
suitably at least 90% is covered. Preferably the core

15 carrier particles are completely covered.

The thickness of the wet coating is not material to
this invention. Thus, the thickness of the wet coating
may be chosen within wide ranges. The thickness of the
wet coating is suitably such that after drying and

20 calcining in accordance with the standard conditions as
defined hereinbefore, the thickness of the remaining
coating meets certain criteria. A first criterion may be
that the largest thickness of the remaining coating is
less than 0.2 mm, which means that there is no remaining

25 coating which is thicker than 0.2 mm. In particular, the
largest thickness is in the range of form 0.002 to
0.15 mm, more in particular in the range of from 0.005 to
0.1 mm. An independent second criterion may be that the
average thickness of the remaining coating is in the

30 range of from 0.0Q01 to 0.15 mm, preferably in the range
of from 0.002 to 0.1 mm, in particular in the range of
from 0.005 to 0.08 mm. The average thickness as quoted is

defined as the quotient of the total volume of the



20 calcining in accordance with the standard conditions as defined
her ei nbefore, the thickness of the remaining coating neets certain
criteri aw@of/ms81 criterion may be that the | argest thi cRapgB10f8011he
remai ning coating is less than 0.2 nmm -which nmeans that there is no
remai ning 25 coating which is thicker than 0.2 nm In particular, the

| ar gest thi cknessiirsidd & i o f fé(g% t : . more .in
particular in the T angd; of flrn?rqng@.'OUS atq{)eglg. m%go,&%lqlﬁcéepéﬁl &t Second
criterion may dsearimnaeheritdy erttegesainl chreskrof ddwelirdrmisni Rgdc@atd Nng is in
the 30 range of .,from.0.001 to Q.15 referably in the range of from
0.002 to 0.1 MR- A Parti i ATER 1N 1 9&%5F Htgrhcd- 5605 WG GIGFAFA The

aver age thi ckneseiasgueiedidsndefinedand he quaticent of, the jtatal ol ume
of the WD 02/Q7882 PCT/ EPO1/08021 - 11 remaini n% coating (i.e. after

dryi ng? and cal@&ien§urpe ta&do Rddnde st h setve Toai ¢hst mrddric lesngirsisens) and
the external ,surface area of the core particles. The average thickness so
defined i s deered %&W&%%@d{ (5’falr§]%atviq}é’1“3¢'5 | arge number of particles,

say for the parti qhe%t@gieS(@r)t atl ne%s%ugpgﬁr*%e@fofth% o8 1 yahyne B:@w%?}fé%ﬁ (2)

at least a part of the luent is removed fromthe wet coating,
provi des the &&o8 &&er wert geattingl, eshdohe pedwiidels &hdr icedeccatcirigr Sui t abl y

the 10 dil uent. _.is.r \Y; uch.an _extent, that .t he coati ha nor e
strength so t gtr%flﬁfi{é%e%%ﬁ;ae%&a NGt & FEISS tgloc?l;cé?g'i Céuﬂr%ﬁggéfa@.e

Prefet@bly, thdldiehtents iremoemoed ssibstankixakhy ¢ompl ehel yoateh exampl e
at least 80% in particular at |east 90%of the diluent is renoved. The 15
renmoval may afOSRpEit<REGPHY Sev dbsitativighere handddng. ofhéheepapsiaiesn may

be effected at sapcglevaled bemReraliie. trntOhiaxame! §abays,3q C preferably
up to 400 C, nore

substantially completely, for example at least 80%, in
particular at least 90% of the diluent is removed. The

15 removal may accomplished by evaporating the diluent. The
evaporation may be effected at an elevated temperature,
for example above 30 °C, preferably up to 400 °C, more
preferably up to 300 °C. The period for evaporation is
typically up to 5 hours, more preferably from 15 minutes

20 to 3 hours.

It is preferred that the core carrier particles

covered with the dried coating are subjected to a
calcination step, i.e. subsequent to step (2). The
calcination step increases the hardness and the strength

25 of the coating and the adhesion of the coating to the
core carrier. The calcination involves heating at
elevated temperature, preferably at a temperature between
400 and 750 °C, more preferably between 450 and 650 °C.
The duration of the calcination step is typically from

30 5 minutes to several hours, preferably from 15 minutes to
4 hours. Suitably, the calcination step is carried out in

an oxygen-containing atmosphere, preferably air. It will



preferably up to 300 C. The period for evaporation is typically upto 5

hours, nore preferably from15 mnutes 20 to 3 hours. It is preferred that

t he corew@pn2/0ms2 particles covered with the dried coati npCHEROIZSh}1ect ed to

a calcination step, i.e. subsequent to_step_(2). The <calcination step

i ncreases the hardness and the strength 25 of the coating and the adhesion
rier,._ The cal cination involves heating at

of the coating to the .core r _

el evat ed tenp%Fa?ﬁngcﬁﬁgﬁgr%@@}'aﬁfadﬁéﬁﬁ€ﬂatGP@ B&Eredrn) 2D9 &he 750 C,
nmore pref er ablop1bethween 2@ epnNeha85®Ceombhgedur ati on of the cal cination
step is typically from30 5 mnutes to several hours, preferably from 15

mnutes to 4 houf§cosgingblty, thhe éaventarnon shepli satalysedieumaide an

oxygen- cont ai giRgna e, pref I o bt owi L 02/ 07882
PCT/ EPO1/ 08021 - 1%%%&2‘&rae%iagtaggf%?ﬁét@yi chéglerre[ﬁ:cg\?h8rs?ep (2) and the
cal ci nati on sbepcmagolre compbiuned ofAther danglyeithilsyi A¥entkoRedaghel

catal yst is de, ich _contains a catalyticallieactive netal or a 5
precursor conpeBngdt-Yt fr ec&?ﬁ?jt?éa?lgrQEPiVéI pgral, T9gi éal mgnvhe net al

is a Goup VIthefi®tah, rascitRomBnNY sueherical skractiren u '
Fi scher - Tropsch synthegiscang hySPogenatioﬁs, a C?oégc%1FpnﬁéFgﬁscgpglyst
may be used. BgAragengtiiche,Fis6eonpTVopIchesynt hesadyst may BO peeflerred

that the G \ | .i | ect f ' | ckel, bal t d
(utheni um_ Nore pFeFoRanl i RBbALECOP Fr O HBRP Gt Ve GaFbit 68 48 the Gr oup

VIII Metal, bpeatfiseredbahbtbasedcealpl ysts aBdanut bepkbusrbaged gat al ysts
give a relatively high yield of 15 C5+ hydrocarbons. Mst preferably,
cobalt is sel é€PBd BiCkfhe €PBaptvenrf wathenipmt Mekerprefarabhy, be present

in cobalt or ruthenium is selected as the Group VIII metal,
because cobalt based catalysts and ruthenium based
catalysts give a relatively high yield of
15 Cs+ hydrocarbons. Most preferably, cobalt is selected as

the Group VIII metal. A further metal may be present in
order to improve the activity of the catalyst or the
selectivity of the conversion of synthesis gas into
hydrocarbons. Suitable further metals may be selected

20 from manganese, vanadium, zirconium, rhenium, platinum
and scandium. A preferred further metal is manganese or
vanadium, in particular manganese.

The atomic ratio of the Group VIII metal to the
further metal, if present in the catalyst, is typically

25 at least 5:1 and it is typically at most 200:1.

The further metal may be introduced in the same
manner and together with the Group VIII metal. The
catalytically active metal and, optionally, the further
metal may be introduced in the form of a precursor

30 compound. Such prnecursor compounds include salts, such as
nitrates, carbonates or acetates, hydroxides and oxides,
and the metal itself. Complex compounds are possible as

well. The metal and/or their precursor compounds may or



order to inprove the activity of the catalyst or the selectivity of the
conversion of synthesis gas into hydrocarbons. Suitable further netals my
be sel ectved 0207882 om nanganese, vanadi um zirconi um rheni P@T/EpdaBIzIUM and
scandium A preferred further netal is napganese or vanadium in

particul ar manganese. The atonic ratio of the Goup VIIl netal to the

further net al , 33{|rp‘£te%§@t e cagﬁ%eys&l]tl%z}é ?/quléﬁ_!% 25 .t | east 5:;

and it |styp|c y at e fur roduced in
t he same nanrr&rr’amll]tpgﬂ]hﬁmletrh e d@riatgm V] |deﬂ&i@1y,ﬂtﬁlc€ﬁ$a@dﬂc§ﬂ cally

active netal 0 ona the further netal may be introduced in the
formof a preé’UrCHsJo ‘&3%9 rﬁ%%ﬁ E PSR PHEQUW SERBHSHURSS 1?}?ﬁ:Ilfflﬁjﬁealsal ts,
such as nitrajies, @ré&[\%@&@ruﬁf&t&{ee%oﬂb@éﬁﬂcﬁﬁ%ﬁg %ﬁ%%e d and the

metal itself. Conplex conpounds are possible a a “ind/ or
their Pprecursor c&mmm@amm/@m d@@fﬁrﬁﬁ&l B’@?ﬂgﬂxlde Iifh amy not
be soluble in d ent. or th y sol u n the

di | uent. Genere%] Y, ca ac‘flnn iOh e%//ﬁnﬁ &chtpt ttt Aﬂs&x%nds
of the netal o Islulhﬁakﬂ@wﬂﬁt’ddltw dﬂ@ecsorlrr@:qmadlalglmaal P85, 5 The
first refractory oxide conprises an oxi de of an el enent havi ng an atomnic
number of at |1FEICHR Pk dHpias OW%lqO&mrésrléﬁ@d{‘mJylaomtdeﬁnlmImﬁe

alum na, ttanidoortid CAldh s rglxl% L1AER O IHIG AU AR, L anl a of

zirconia, such as silica-alumna or yS| cal mX SUch % nmixture
of tilénia andwit izca.a Rrefermblof tihenifd rasid rsdflrizet. OW@GI@@l@Q%e’SES
in particular the refractory oxide

Lo 2 2T oa a0 LSS LIeLeol ol Bar Lol ar the elracto
mixtures thereof, in particular the refractory oxide
comprises a titania.

According to a preferred embodiment, the first

15 refractory oxide comprising titania, zirconia or mixtures
thereof, may further comprise up to 50 %w of another
refractory oxide, typically silica or alumina, based on
the total weight of the refractory oxide. More
preferably, the other refractory oxide, if present,

20 comprises up to 20 %w, even more preferably up to 10 %w,
on the same basis.

The first refractory oxide most preferably consists
of titania, in particular titania which has been prepared
in the absence of sulphur-containing compounds. An

25 example of such a preparation method involves flame
hydrolysis of titanium tetrachloride.

It will be appreciated that the first refractory
oxide may not be of the desired particle size and shape.
Thus, a shaping step may be applied. Shaping techniques

30 are well known to the skilled person and include spray-
drying and milling methods.

The first refractory oxide is typically a material

having a large surface area. For example, the surface



15 refractory oxide conprising titania, zirconia or mxtures thereof, may
further conprise up to 50 %v of another refractory oxide, typically silica
or alum meQoberserl on the total weight of the refractory P&T/@RO1/(8D2Z1E
preferably, the other refractory oxide,_i{s;present, 20 conprises up to 20
%v, even nore preferably up to 10 %v, on the sane basis. The first
refractory oxide nmpst preferably consists of titania, in particular
titani a whi ch®k&§ Béer prégdted> Mi/the aalsewee sbesdlaghyr atodkaisti ng

conpounds. An_25 exanple .of such a preparation nethod involves flane
hydrol ysi s of 3% P Oam Ea AR GhedSu T o PreBe i&ppiedrated O0nAE /Bhe fir st

refractor oxi n b sire rticle size and shape. Thus,
a shapingysteésggfg%élggéfigﬁ%%s%gﬁiﬁg/géc%ﬁ%% §§%§§ %b@ Wl -2 fFoRr o t he
skilled personsang ipel %%g%%%y-fr%wizl@gmaf}% Tol hipRgZeihods. The first

[ i i hav

refractory oxide is typically a materi al ing alarg€ surface area. For
exanpl®, the surfibe WOeORIrG6P83R2IPCTLERPOLS080RIractbdy axedei $sak | east 25

n2/ g, and nor i_al .at_ | east .g. .Suitably the syrface area is at
nost 400 nQ/g$0%§§%é§ig%ﬁf%aylﬁggﬁ %gﬁn%é%SF 5F§F8F§8Fy PEeIgutPage area

s in the rangelofinhromnd@tap ast acle9inBtuneselhserbocyr #ae Bhobiesbir st
refractory oxide is a, conpound which yields the first refractory oxide in

a calcinati oRTstBf &3rdéseribagtravernbarorey Presplableson tobe the first
Erroctory oxAds,ny BRSH Yo Gk Loy LUSIEAILEn S TETLDIIE o
may bed an or §hei prealtrsor odnphex feaspoundratnopgr bikédbamahapengnup to 20
car bon atons.ogégggke%agg %%Cgo%% %i %g%pggggteén particular having up
to 20 carbon atoms. Examples of such salts and complex
compounds are salts, such as acetates, proprionates,
citrates; chelates, such as acetylacetonates, alkyl
15 acetoacetates and chelates with lactic acid; alcoholates,
such as ethylates, aminoethylates and isopropylates; and
alkyl compounds, such as ethyl and isooctyl compounds.
Alternatively, the precursor of the refractory oxide is
an inorganic compound, such as a hydroxide; or an
20 inorganic salt, such as a halide.

For example, suitable precursors of titanium dioxide
are tetraethyl titanate, isostearoyl titanate and
octyleneglycol titanate and triethanolamine titanate. A
very suitable compound, in particular for use in

25 combination with water, is the ammonium salt of lactic
acid chelated titanate. Such compounds are available from
DUPONT under the trademark TYZOR.

It is not excluded that the shell metal catalyst

comprises further components, in addition to those
30 mentioned herein![

Now turning to a possible use of the shell metal

catalyst or its precursor prepared in accordance with



conpounds are salts, such as acetates, proprionates, citrates; chel ates,
such as acetyl acetonates, al kyl 15 acetoacetates and chelates with lactic
aci d; al oodoremses, such as ethyl ates, am noet hyl at es andPCEEPIIOBYiiat es;
and al kyl conpounds, such as ethyl and_iggoctyl conpounds. Alternatively,
the precursor of the refractory oxide is an inorganic conpound, such as a

hydr oxi de; or 20 inorgani c sal.t,..such as a halide. For exanple, suitable
precursors oftggﬁa%fﬂ%¥§$6§Vd§S &Pglfggﬁge Flpkﬁgﬁéﬁe,tp§o§P§é#oyl
titanate and methyl eregllyeal nit aRatecandnt & etbarelsarore thist anate. A very

sui tabl e conmpound, in particular for use in 25 conbination with water, is
t he anmoni um PALPPER TR iof hydir@cerbrased rom sazbern Seskxidepsndds are

avail able fro RGN ﬁ@%ﬁ%aﬁﬁﬁyt%%g%nﬁhkuzgzgﬁ'th%tiirg%%s Xckﬂged t hat

the shell netal catal yst ~conprises further conponents, 1n addition to
t hose 530 nentiegndd whéicki is Nowsemtniongthe ahpddsimelelusetaf ytsheishal

nmetal catalyst or I precursor prepar.ed._in accordance with WO 02/ 07882
PCT/ P01/ 0803 £ F00P1 § 11T MECAT, GReo YPA&a g cAfed SREtePABET Bfe thEhe shel

netal catal ysGroay WgIuse@tan asppeessstfoh the mRreparatken+@f _
hydr ocar bons from carbon nonoxi de and ggdrogen. Typically, when in use in

that process, theTBexgfarewhi&hissngrasday sAvensaghes hetabtimeakyst is a
G oup 1) LA Byl Sl 2SR B LB LU L et
activdle ther€daupivhl| inetak patakyst pfFi dydieguseabyeae¥@tegduction, in
the presence of nydrogen af glevaied femperatue, TypL§aLLyy, Lhe, reduction
i nvol ves treatffi§ yp Y, ing
the catalyst at a temperature in the range from 100 to
450 °C, at elevated pressure, typically from 1 to
200 bar abs, frequently for 1 to 200 hours. Pure hydrogen
15 may be used in the reduction, but it is usually preferred
to apply a mixture of hydrogen and an inert gas, like
nitrogen. The relative amount of hydrogen present in the
mixture may range between 0.1 and 100 %v.

According to a preferred embodiment of the reduction,

20 the catalyst is brought to the desired temperature and
pressure level in a nitrogen gas atmosphere.
Subsequently, the catalyst is contacted with a gas
mixture containing only a small amount of hydrogen gas,
the rest being nitrogen gas. During the reduction, the

25 relative amount of hydrogen gas in the gas mixture is
gradually increased up to 50 %v or even 100 %v.

It may be preferred to activate the Group VIII metal
catalyst in-situ, that is inside the reactor for the
preparation of hydrocarbons from synthesis gas. For

30 example, WO-97/17137 describes an in-situ catalyst
activation process which comprises contacting the

catalyst in the presence of hydrocarbon liquid with a

hydrogen-containing gas at a hydrogen partial pressure of



the catalyst at a tenperature in the range from 100 to 450 C, at elevated
pressure, typically from1l to 200 bar abs, frequently for 1 to 200 hours.
Pure hydmogeno7s8s may be used in the reduction, but it isrpowERélogonreferred
to apply a m xture of hydrogen and an inefg gas, |ike nitrogen. The

rel ati ve amount of hydrogen present in the mxture may range between 0.1

and 100 %. Acgo t eferred od| nt_.of th ction, 20 the
catal yst is broug%&?co ﬁ%aﬁ!es‘ red k{}Ife Ihd-e eﬁesz(zl#)é‘rl &Rs-fin a
nitrogen gas aftowmsphesferalubsaguentdty, 3(1 hescalid y stydis 007t agted mid h a
gas m xture contai n| ng only a small anmount of hydrogen gas, the rest

bei ng ni t r ogePIREES DY %dli{qfféqeéhlﬂﬁﬁtd{@l {EHeE PB1 e | it iate M@mbuR0 lofoar
hydrogen gas ijJiydhe gas mixture is gradually increased up to 50 % or even
100 %v. It may be preferred to activate the Goup VIII netal catalyst
in-sith, that is iThs deadess daat dhef grepeeatyiceparfatiyoir ook ribpaiso gaidzons

from synt hesi S\}Qﬁ:she For 30 exa Ie, 97/ 17137 describes an in-situ

catal yst actiVati on pr ocess Iwmieh < r 1 SGeE TESh oAt idtg & FEMPEAAIWS i n
the presence afn Ryl aeardeon lﬂwnd g kA 351y dre0g &@1@@1@;’ BGogAs 73 a
hydrogen partial pressure of WO 02/07882 PCT/ EP01/ 08021 16 at |east 15
bar abs., prefié& ably & T PTEe e &@styphﬁﬂlelmrl@f dghgbinange lodasirc@0 bar
abs. Typi cal | i N Atdy r Ss I artl ssure is at nost
200 bar abs. }55 e‘é;eldgjr o\':bcae'tgsé&Se tph%%e&}é%é at’i (ﬁjgn d%f rocgrrb8%§ “Fr om

synt h&8i s gas pias:tti;cpjlcaad |fyrcorars ited S@utbaat adbst.enper at ure in the range of

from125 to 350 eferably from175 to 275 C. The pressure is typi caIIy
in the range of frﬂéﬂro@% af@ocﬁég]oélbglonoﬁﬂgﬁeréywhﬁséﬁl 5260 86 bar abs.

in typically fed to the process at a molar ratio in the

range from 0.7 to 2.5. Low hydrogen to carbon monoxide

molar ratios will increase the Cg+ selectivity of the

15 catalysts, i.e. the selectivity of the formation of

Cg+ hydrocarbons.

However, in the embodiment of the invention in which
the Group VIII metal is cobalt and the further metal is
manganese and/or vanadium, which are present in an atomic

20 ratio of cobalt/(manganese + vanadium) of at least 12:1,

the Cs+ selectivity of the catalyst is remarkably high,

even when using synthesis gas having a high hydrogen to

carbon monoxide atomic ratio. In this embodiment the

hydrogen to carbon monoxide molar ratio in the range of
25 from 1.5 to 2.5 may be used.

The gas hourly space velocity (“GHSV” hereinafter)
may vary within wide ranges and is typically in the range
from 400 to 20000 N1/1/h, preferably from 500 to
10000 N1/1/h.

30 The term “GHSV” is well known in the art, and relates
to the gas per hour space velocity, i.e. the volume of

synthesis gas in N1 (i.e. at the standard temperature of



10 particular fromb5 to 50 bar abs. Hydrogen and carbon nonoxi de (synthesis
gas) is typically fed to the process at a nolar ratio in the range from

0.7 to 2V oremshydrogen to carbon nonoxi de nolar rati osP@I/EPOI/(802Iease t he
Co+ selectivity of the 15 catalysts, i.e.1the selectivity of the formation
of C5+ hydrocarbons. However, in the enbodi nent of the invention in which

the Group Wi I lo mel ald Ssobalin it thedupihere netal. |9 mgagese and/or

vanadi um which are present in an atom cC rat anese +
vanadi um) of athilokasis t2ntactiche i@G-breelheaid viitth ohet he teat alfyshtad yst

remar kably high, A .even when using synthesis gas having a high hydrogen to
car bon nonoxi %@réﬁl(‘}ﬁ'iecs'rd’['ieo. S %1 10% MGG TReAt 1N 2 Th V@i 6lg R aice SearBon

monoxi de nol akpealda@d Bt Be fiaRge g 22 dnYeel- 30 ctsh may %aﬂaﬁd- The
gas hourly space velocity ("GHSV' hereinafter) wmy vary within de ranges

and i sStypi caldpriessele asapge litean £00 aeda20BR0 bR, | Ahe . pieténdbng gr om
500 to 10000 N /1 [/ h. t " EHSV! | .known in art, an
Nd&er?agﬁ? EH%I %%qb.%H ce..%n&%%gg_cgﬁg 90?3%& 8;

relates to the ga our space velocity synt hesi s
gas in N (i.@.608t Niha /st @ndabdaﬂ@mm:elp&trltﬁ@l@f(s \A@:c@%/g%a)&)% IB\%E _/aEEQ_%/ 08021
- 17 0 Cand._t standard pressure of 1 bar (100,000 Pa ichis
contacted in &ﬁg%hg&?lWEtﬁnoﬁétﬁﬁﬂﬁé &eccatal yst particles, i excl udi ng

1. e.
interparticular vehd 3pacess FBr the %%%gaggtﬁokiégdhgagoggEgbngma§he GHsv
is usually 5 expressed as per litre of catalyst bed, T.e. Including
i nterparticul &e vonduspaceusingt katracded ya oBHE¥actkorlG@Ped AhBh on cat al yst
particles corresponds 12,3024 000N O hi G2 1 08%he, &
slurry phase regime or an ebulliating bed regime. A fixed
bed regime is preferred. It will be appreciated that the
size and the shape of the shell catalyst particles may
15 vary depending on the reaction regime they are intended
for. It belongs to the skill of the skilled person to
select the most appropriate size and shape for a given
reaction regime.
Further, it will be understood that the skilled
20 person is capable to select the most appropriate
conditions for a specific reactor configuration, the
reaction regime and a work-up scheme. For example, the
preferred gas hourly space velocity may depend upon the
type of reaction regime that is being applied. Thus, if
25 it is desired to operate the hydrocarbon synthesis
process with a fixed bed regime, preferably the gas
hourly space velocity is chosen in the range from 500 to
2500 N1/1/h. If it is desired to operate the hydrocarbon
synthesis process with a slurry phase regime, preferably
30 the gas hourly space velocity is chosen in the range from
1500 to 7500 N1/1/h.

The invention will now be illustrated further by

means of the following Examples.



The process for the preparation of hydrocarbons may 10 be conducted using
a variety of reactor types and reaction regines, for exanple a fixed bed
regi ne, avostumssy phase reginme or an ebulliating bed regi PeT/ERPOTG88d bed
regime is preferred. It will be appreciateg that the size and the shape of
the shell catalyst particles may 15 vary depending on the reaction regine
they are inte@Q%%'i%o&. It belongs to the skill of the skilled person to
select the no iate size and shape for a given reaction regine.
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Exanple | A precursor of a._shell netal catalyst was prepared as follows. A
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residue which can be formed by drying and calcining the
paste in air at 800 °C for 2 hours. The paste was dried
and ground to obtain a fine powder.
Silica granules were calcined in air at 550 °C for
15 2 hours. A sieve fraction of 0.841-1.19 mm (standard US
sieves, ASTM E11-61) was wetted with water just
sufficiently to fill the pores with water. The wetted
silica granules were tumbled and sprayed simultaneously
during 5 minutes with water and with the fine powder, to
20 form a coating on the silica granules. The coated silica
granules were separated from the remaining powder by
sieving, dried at 120 °C for 2 hours and subsequently
calcined in air at 550 °C for 2 hours. A sieve fraction
of the coated and calcined silica granules (1.00-1.19 mm,
25 standard US sieves, ASTM E11-61) was separated and used

for further testing. The average thickness of the coating

after the calcination was 80 um.

Example II

A precursor of a shell metal catalyst was prepared as
30 follows. | |
Aluminium péiticles (typical dimensions 0.1-4 mm)
were washed with 25 %w aqueous phosphoric acid, and

coated with a commercially available ceramic zirconium



avai |l abl e co-precipitated cobal t/ manganese hydroxi de and water. The

m xture contained 20.1 % cobalt and 1.6 %wv nanganese, cal cul ated as the
wei ght ofwebzmomsst al cobalt 10 and manganese, relative to POPEREV/Ehi1 of a
cal cination residue which can be fornmed by drying and calcining the paste
inair at 800 Cfor 2 hours. The paste was dried and ground to obtain a
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subsequently calcined in air at 500 °C for 2 hours. The
average thickness of the coating after the calcination
was 20 pm.

15 Example III

A precursor of a shell metal catalyst was prepared as
follows.
A slurry was prepared by mixing and milling together

commercially available titania powder (P25 ex. Degussa,

20 BET surface area 50 m2/g (ASTM D3663-92)), commercially
available co-precipitated cobalt/manganese hydroxide,
commercially available lactic acid titanate ammonium salt
(ex Dupont, available under the trademark TYZOR LA), a
commercially available ceramic zirconium oxide paint

25 (obtained from ZYP Coatings, type Z0O) and water. The
slurry contained 16 %w cobalt and 1.0 %w manganese,
calculated as the weight of elemental cobalt and
manganese, relative to the weight of the calcination
residue which can be formed by drying and calcining the

30 slurry in air at *800 °C for 2 hours. The average particle

diameter of the solids present in the slurry was less

than 0.28 pm.



5 Chem cal s, avail abl e under the trademark BACOTE 20) was spray coated
onto the alum niumparticles. The slurry conprised 67 %v cobalt,

cal cul at edo azoBe wei ght of cobalt netal, relative to thrCWeEP@hBOf a

cal cination residue which can be forned by drying and cal cining the 10
slurry in air at 800 C for 2 hours. The spray-coated particles were dried

at 120 C for 2 hoyrs_and subsequently calcined in air at 500 C for 2
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Examples I and II were converted into active
Fisher-Tropsch catalysts by reduction, and subsequently
applied in a Fisher-Tropsch synthesis as follows.

A micro-flow reactor containing the catalyst

15 precursor particles in the form of a fixed bed was heated
to a temperature of 280 °C, and pressurised with a
continuous flow of nitrogen gas to a pressure of
1 bar abs. The catalyst precursor was reduced in-situ for
24 hours with a mixture of nitrogen and hydrogen gas.

20 During reduction the relative amount of hydrogen in the
mixture was gradually increased from 0 %$v to 100 $v. The
water concentration in the off-gas was kept below
3000 ppmv.

Following reduction, the preparation of hydrocarbons

25 was carried out with a mixture of hydrogen and carbon

monoxide at a H2/CO ratio of 1.1:1 and a pressure of

32 bar abs. The GHSV and the reaction temperature,
expressed as the weighted average bed temperature are set
out in Table I. The space time yield, expressed as

30 grammes hydrocarBon product per litre catalyst particles
(including the voids between the particles) per hour; the
selectivity of methane, expressed in %w of the total

hydrocarbon product; the selectivity to hydrocarbons



was spray-coated onto the treated al um nium shavings. The 5 spray-coated
shavings were dried at 120 C for 2 hours and subsequently calcined in air
at 500 Cwonr2/@sepurs. The average thickness of the coati pQI/aPesoiihe
calcination was 34 m Exanple IV 10 The_ppecursor shell netal catalysts
prepared in Exanples | and Il were converted into active Fisher-Tropsch
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synthesis as focﬂ %?#cor% Hﬂ%?@ﬁ%@% {jqﬁ ngge"cll?éJt(:‘d’EJdM/srt 15
precursor part d.0r e heated rature
of 280 C, and ép elge;surl se%ewvfﬂq;hceon dler%uloug%?ﬁo\g\?vdsro CBJeC% (fgc ¥
pressure of 1 dedrecbiszitfheotataatimt cprcemﬂé,oremsrﬁﬂm&d gwn-c thhdf or 24
hours with a m xture of nitrogen an as. 20 Durlng reduction the
relative annuﬁ:ltoxcciijL ﬁv’ A B urﬁ%( mﬂgﬁ,\,&% tGradad it s diom 0
% to 400 W. cEhepaMaiilor ONGRNtAi1s idtd ha Lf fsgas,was; ke, helrow 3000
ppmv. Foll owi ng reduction, the preparation of hydrocarbons 25 was carried
out with a mixture of hydrogen and carwom de at a H2/CO ratio of
1.1:1 and a pres,ﬁx%m f eOL bar—abs—Fhe—&HSYrand—th "IM ."_" t-enper at ur e,
expressed as the|we ted average bed tenperature ar et g‘ﬂ {n Table I.
The space tine yi qleeh cvgassedcas 30 granmes @g@rocagp@n product per litre
catal yst particl es including the voids betyween the partjcles)|per hour;
the selectivity @IHSIVB'[ e 1 ebépr essed i n %N ol188e| t'62al | &YAr pcar bon

product; the sel ggtivit ocarbors—\\o \)2/ 8£88—PRcH+=RPA1/ 08021 - 21
containing 5 or \S ca?ct% T é)tll @gji &1 ecti \%83/) 92 86
Selectivity CHy, 6.2 5.7

o\°

o°
=

Cg+ selectivity, 86.5 84 88

Selectivity COp,

oo
=

1.5 2.0 1.8




expressed as %w of the total hydrocarbon product; and the selectivity of
carbon di oxi de, expressed in %w of the total hydrocarbon product; were
det er m nedo a1/07882 40 hours 5 of operation. The results arePal/gpoigsb2iout in
Table I.  TABLE | Exanple | II Il Tenperature, C 230 213 237 GHSV,

N /(l.h) 1188 795 800 Space tine yield” §#(I.h) 138 92 86 Selectivity
CH4, %wv 5.8 6.2 5.7 Cb+ selectivity, %v 86.5 84 88 Selectivity C02, %w
1.5 2.0 1.8 WD 02/07882 PCT/EP01/08021 - 22 CL Al MS 1 A process for
preparing a shell netal catalyst or & Iprecutsct of a shell metal catalyst
whi ch process conprises the steps of (1) applying a slurry conprising a
diluent, a 5 catalytically active netal or a precursorfcorrpoundf t her eof ,
and optional | y.a re t ecel t i rst
refragt ory OXIyLde"A Hfr%ge%rsyg?r?egn?)%eﬁ%\?ﬁ gn%n%;ﬁteol% (li:n%r?t%%bg%[to Ogas?t 20 or
a precursor oforecuesian stt refshadtlometeni det adiptst tmhﬁcﬁulpfrms@f particles
10 of a core carrier rmng a wet_coating, and (2) renoving at |east a
part of the dii" E}lé)r]ftlsferso%ht%eg Coat i ng, vvlherei nht he slurry conpri sezI (iltS
| east 5 %w of (tihe Ayt izcalil do Laly Qr di ecyrsor conpoun

t hereof, cal cu(lt gt gg@%rﬁtn)r?te wei (ﬁ\kt@gf t gq%et al %rgl af%le\%ret ;éo t he wei ght of
cal ci nation r&sit@de biliadh o astia e ovaed ofr emptries usisgnr ywompoingi ng t he

slurry and calt(l;lleqje%% %nda‘o%rt(i%%%ﬁl%s claine actory(:lo"%‘;'lrgl]e% d%g%%%%gcerl sed in

hereinafter as “first refractory oxide”, of an element

having an atomic number of at least 20 or a precursor of
the first refractory oxide, onto the surface of particles

10 of a core carrier, forming a wet coating, and
(2) removing at least a part of the diluent from the wet
coating,
wherein the slurry comprises at least 5 %w of the
catalytically active metal or the precursor compound

15 thereof, calculated on the weight of the metal relative
to the weight of calcination residue which can be formed
from the slurry by drying the slurry and calcining.

2. A process as claimed in claim 1, characterised in
that the diluent is water.

20 3. A process as claimed in claim 1 or 2, characterised
in that the solids content of the slurry is in the range
of from 0.5 to 90 %w, preferably of from 1 to 80 %Sw,
relative to the weight of the slurry.

4. A process as claimed in any of claims 1-3,

25 characterised in that the slurry comprises at most 90 %w,
in particular in the range of from 10 to 60 %w, of the
catalytically active metal or the precursor compound

thereof, calculated on the weight of the metal relative



that the diluent is water. 20 3. A process as clained in claim1l or 2,

characterised in that the solids content of the slurry is in the range of
fromO.5w0090788, preferably of from1l to 80 %, relativeCcT/aPeinsoxnei ght of
the slurry. 4. A process as clainmed in angzofl clainms 1-3, 25 characterised
in that the slurry conprises at nost 90 %v, in particular in the range of

from10 to 60 %wv, ,0of the . .catalytically active petal .or the precursor
conpound t her'dofs " A1 CH By eodtaognajt%él%/%iodhtreosrlc‘{ﬁ%e wheh a8 g’ﬁ %d_
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can be fornmed fromthe slurry by drying the slurry and calcining. 5. A
process as cl alned i GREDfATIHiFEEH 40 aghacdctdriiged Iid .t hat the slurry
conprises the f ; t.or [ r.t eof..as .a

di gger sed soldicﬂcf{ I:l&nc tInggéc(gtcl axfy%éggltﬁf/‘e ggcltL?Cvry %ﬂﬁ%qosresge%lreeg&rrs%r
conpouhd t her esff msctaradditdonat aispensedrsdlictafd/zor a diisselrneedi i n the

diluent. 6. A shell netal,_ catal yst .or recursor of a shell 10 netal
catal yst whi cﬁqrjsldob%na‘# %a{bq €D ]é’tdrcc?c]glég 18 &kd 197 & PreFeeeRl ai s
1-5. 7. A sheldonpriiald catedast £ ah HREWSHa10d1apeheldq smtal Lf /st as
claimed in claim6, characterised in that the core carrier conprises a

refractory oxiHeésolyest eéffertdist yislalasti-ed from silica, alunina, zirconia,
magnesi a and tjtan a, d _m.xt.ur t-her.eof , _or met al ef erably sel ected
from al uni ni un%' i ;Ao%,hegorlp%?gl tclea[scéar%‘lyﬁsr% g)r?d ampf%&lgséogor?%; iasﬁhﬁq ne or nore
of these netalestal?2@®RalAsheiHidretial balAlnggdl Obya apireWeser a@¢f a shel |

nmetal catalyst as clainmed in claim®6 or, 7, characterised
claimed in any one of claims 1-5. .

7. A shell metal catalyst or a precursor of a shell
metal catalyst as claimed in claim 6, characterised in
that the core carrier comprises a refractory oxide,

15 preferably selected from silica, alumina, zirconia,
magnesia and titania, and mixtures thereof, or a metal
preferably selected from aluminium, iron, copper,
titanium and mixtures comprising one or more of these
metals.

20 8. A shell metal catalyst or a precursor of a shell
metal catalyst as claimed in claim 6 or 7, characterised
in that the first refractory oxide comprises titania,
zirconia or mixtures thereof, in particular the first
refractory oxide comprises a titania.

25 9. A shell metal catalyst or a precursor of a shell
metal catalyst as claimed in any of claims 6-8,
characterised in that the catalytically active metal is a
Group VIII metal, preferably cobalt, more preferably
cobalt at least partly in metallic form.

30 10. The use of the shell metal catalyst as claimed in any
of claims 6-9 in a chemical conversion process,
preferably a process for producing hydrocarbons, which

process comprises contacting a mixture of carbon monoxide



in that the first refractory oxide conprises titania, zirconia or mxtures
thereof, in particular the first refractory oxide conprises a titania. 25

9. A shelWOonmomB2 catal yst or a precursor of a shell netabPCraralogsil as
claimed in any of clains 6-8, characterised in that the catalytically
active metal is a Goup VIII netal, preferably cobalt, nore preferably

cobalt at least partly in netallic form 30 10. The use of the shell netal
catal yst as cIainEd in_any .gh cIaL 6-9 in a chem cal conversion process,
preferably a BPOcBY¥ErPEF pFidlicing gg&rB@E?%oﬁ@?a%ﬁﬁEhaspFééé@@dcéﬁprises
contacting a mixisre.of carbon nonoxi de WO 02/07882 PCT/ EP0O1/08021 - 24
and hydrogen with a shell netal catalyst as clainmed in claim?9.



