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The catalytic preparation of hydrocarbons from
10 synthesis gas, i.e. a mixture of carbon monoxide and
hydrogen, is well known in the art and is commonly
referred to as Fischer-Tropsch synthesie.
Catalysts suitable for use in a Fischer-Tropsch
synthesis process typically contain a catalytically
15 active metal of Group VIII of the Periodic Table of the
Elements (Handbook of Chemistry and Physics,
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,
20 nickel, cobalt and ruthenium are well known catalytically
active metals for such catalysts. Reference may be made
to BEP-A-398420, EP-A-178008, EP-A-167215, EP-A-168894,
EP-A-363537, EP-A-498976, EP-A-71770 and WO-99/34917.
In the Fischer-Tropsch synthesis, as in many other
25 chemical reactions, the supported catalyst, the reactants
and a diluent, if present, in contact with one another
usually form a three phase system of gas, liquid and
solid. Such three phase systems may be operated, for

example, in a packed-bed reactor or in a slurry-bubble



soli. Such three phase systens may be operated, for exanple, in a
packed-bed reactor or in a slurry--bubble WO 02/05958 PCT/ EP01/ 07938 - 2-
13 JAN 2005 seagor. A packed-bed reactor nay conprise a patk@duprds of
solid catalyst particles through which there is a flow of gaseobusiiand
l'iquid reactants. A slurry--bubble reactor may conprise a continuous phase
of liquid with the solid 5 catal yst suspended therein and gaseous reactants
flowing as bubBHEPL hriowfitePPHquRactoh BRY soBhr bper at Paasert beids

mportant thato} e supnoriad catalystals MREbanhoahlyn ShEORDs (59 Lhat, the

catal yst particles maintain-their ‘integrity through the entire operation.
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a catalyst be i p or .0 Ion r the res dence
time of the car?%bfys?r%?rr%%/ }Icﬁo%lﬁﬁiuﬁu”éff%%%b{;g ;Leé[}? glr ttrl?er e a
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in the conversfdn %?bjc%? b%hr?]‘g(ﬁb%\{\? = ﬂflédva I('j% G(Pfrrﬁ‘&_r?sonsi mt
particul ar hydigcanpensasont @it S@boriene c@%b?@tatlcgrrsne(c}ﬁ'iﬂlcany
hydr ocar bons” hereinafter and. 20 mnim se the formation of carbon
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negative val ueankegﬁsegﬂgﬁ%@gwﬁb e iprespRiratvent iop catalysd,y sypports
and catal ysts can be nade which have 25 unexpectedly an inproved strength,
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such that a do‘é@&rrﬁ b%l%%l n%acggm xing the dough with a further liquid to

Further, there is a continuous interest in finding
15 catalysts for use in the Fischer-Tropsch synthesis which
provide an improved activity and an improved selectivity
in the conversion of carbon monoxide into valuable
hydrocarbons, in particular hydrocarbons containing 5 or

more carbon atoms (“Cg+ hydrocarbons” hereinafter), and

20 minimise the formation of carbon dioxide, which 1s a
carbon containing by-product of low value, or even
negative value.

In accordance with the present invention catalyst
supports and catalysts can be made which have

25 unexpectedly an improved strength, whilst the catalysts
exhibit an improved performance in the Fischer-Tropsch
synthesis as Eegards activity and selectivity. The
invented process involves reducing the particle size of
the refractory oxide support by milling a mixture of the

30 refractory support and liquid such that a dough is
obtained, admixing the dough with a further liquid to
obtain a slurry, shaping and drying the slurry, and
calcining. A catalytically active metal may be introduced
in any stage of the process or subsequently, as the metal

35 itself or as a precursor compound.



obtain a slurry, shaping and drying the slurry, and calcining. A
catalytically active netal may be introduced in any stage of the process
or subseqwantdor9ssas the metal 35 itself or as precursor cbapdEad)7998
421115958 PCT/ EP01/ 07938 | -3- Catal ysts de in accordance wiit hjthiss

i nvention have an inproved perfornmance over the catalysts which are nade
by the nethods of WO 99/34917. The net hods of WD 99/34917 include shaping
a dough wit hout pﬁkﬁﬁﬂa@dbtm@ﬂe,i@f6¢@ﬂ¢¢ﬁﬂ0¢iwﬁﬁMStmiﬁth@V@®Dghn adade

shaping a slur : i r i I ugh.
An gdd?tiona],J%é%%%|0|§lg§?%é%@g%?g %e ?ngggt?%ﬁafggg% ?H%hehggr?rcgég
have a hi gher Gensig ynetdodshatt Wﬁr%9é$491ﬁe Eb@amqshodaneLeW@Féﬁédﬁﬂiﬁa

gi ven reactor vol A further as e |nvent| S h
i mpr oved catalys%tl‘fz)ré;ra%S’ha‘prL s 98 Ylgg?aln%ﬁl tﬁg %t%ﬁ O

introduci ng a fugihersoiche dﬂiﬁ£r8ﬂﬁ ehepent alsnertpewsuppatt or t he
catalyst. This is_adv=antageous because the maignce of suc%la further

el ement coul d 3BPHHFPUetHE HegSetBr 5p&Pt Pés +8di &t 8p*¢N-n an adverse

manner Thus, the pgKesgMit RNt ieRcpieYhdesracproeesshbor nveheRdrd ngs a
catal yst support or a supported Goup VIII netal catalyst or a precursor
of the support&latrbbp RMTILCIE Meral acatalpst Aensilcn  pPecéss Teompie ses (a)

exerting ”echaerlga!:aegwrt Oéhrahr%&n 1® QIRL §i 04 @n rr%f lachory axhde and a
first liquid to obtain a dough, adm xing t ough with a second

liquidlfo obtain aA Shuokksry qﬁﬂﬁﬁﬁ §ﬁaﬁhﬁgi@W@n&@WnngStﬁ@a§u¢mff and (d)
ot i, 0SB SO0 i puRpOr I ot i et
prepared, a preegdsorf ¢onpodnciof & Heirther, i.e. different element
into the support or the catalyst. This is advantageous
because the presence of such a further element could
15 influence catalyst properties unpredictably in an adverse
manner. '
Thus, the present invention provides a process for
preparing ‘a catalyst support or a supported Group VIII
metal'catalyst or a precursor of the supported Group VIII
20 metal catalyst, which process comprises
(a) exerting mechanical power on a mixture comprising a
refractory oxide and a first liquid to obtain a dough,
(b) admixing the dough with a second liquid to obtain a
slurry,
25 (c) shaping and drying the slurry, and
(d) calcining,
on the understanding that, if a supported Group VIII
metal catalyst or a precursor of the supported Group VIII
metal catalyst is prepared, a precursor compound of the
30 Group VIII metal or the Group VIII metal itself is
present as an additional component in step (a) or
step (b);
The invention also relates to the support, to the
supported Group VIII metal catalyst and to the precursor
35 thereof which are obtainable by this process. The



30 Croup neta' or the Goup VIIl netal itself is present as an additional
conponent in step (a) or stet: (b) The invention also relates to the
support, Ww@uidess supported Goup VIII metal catalyst and poTieper/pvgcur sor
3s thereof which are obtainable by thi S _process. The WO 02/ 05958 1105

PCT/ EPO1/ 07938 - 4 - 13 JAN 2005 invention also relates to the use of the
supported Goup ~VIII netal catalyst in a three phase chem cal process,
in particul ar ‘B8Rt pPBcRECf 6 LpFEduEPnG ey hco4dr BERs SURRPERPr ocess

conpri ses contastihnNgrarSnAt¥iueer a0k searbon mnexd deard hydregen at

el evated tenperature and pressure with a supported catalyst according to
the inventi onPTPARSBRI sINNPERL1FYAE 1T6f PadtistoRTXife iRFaiedngd Exanpl es of
sul tabl e 1of raelebXa0xbes LACUI NG onSl I o ditaftiay 21 T coni a or
m xtures thereof, such as silica-alumna or physical mxtures such as a
-m xtube of silkiccacand titrhwine noPrefigicaling hyver o adt arlyevetdiede
conprises titanic, zirconiia or _mxtures thereof, in rti.cul ar. the
"refractory oxi% A R grrllida.pr,&cs'cs(%lrrréa ﬁfbl‘{}?) A %?%%?E%%.Caet%é/dﬁtnent, t he
refractory Oxcdercampr itsi noet iitrevdra, iz rconia or m xtures thereof, may

further conprise 50%y of another refract oxide, typically silica or
al umi na, based on%ghghﬁ& AP VSR TGt Dt G HeR T P RctDtSE oﬁ?dés.‘e re

preferably, th&a2@1addids enaltadef rnast o5yt oxiydexidés preSeiMde L£OMPIHSes up
to 20 %, even nore preferably up to 10 1w, on the sane basis. The
refracdfory oxide ifiFst Priererdabl - Kot 3t S oMK HAAF at PPREPAr tF Ut AS ti t ani a

whi ch has beens prieparedidiha 25 they fbsence: ot usukphUEnCOBt Al Pl Rgu £OMPOUNdS.
An exanpl e of such preé)ar_atl on nmethod involves (:lanme hydrolysis of
titaniumtetrathligid ggrd titania. Preferably, the refractory oxide

comprises titania, zirconia or mixtures thereof, in
particular the refractory oxide is a titania.

15 According to a preferred embodiment, the refractory
oxide comprising titania, zirconia or mixtures thereof,
may further comprise ub to 50 %w of another refractory
oxide, typically silica or alumina, based on the total
weight of the refractory oxide. More preferably, the

20 additional refractory oxide, if present, comprises up to
20 %w, even more preferably up to 10 %w, on the same
basis. _ '

The refractory oxide most preferably consists of
titania, in particular titania which has been prepared in

25 the absence of sulphur-containing compounds. An example
of such preparation method involves flame hydrolysis of
titanium tetrachloride.

The titania may be a rutile type titania, but
preferably it comprises anatase type titania. In

30 particular at least 50%, more in particular at least 90%
of the titania is anatase type. Most preferably, the
titania is exclusively anatase type.

The refractory oxide is preferably a material which

has a large surface area. The surface area 1is typically

35 at least 0.5 m2/g, suitably at least 10 m?/g, especially



The titanic may be a rutile type titanic, but preferably it conprises
anatase type titanic. In 30 particular at :east 50% nore in particular at
| east 90Wof2/idestitania is anatase type. nost preferablyPCURBIWITESENI c |
excl usively anatase tripe. The refractory is preferably a natefilall>whi ch
ha : a large surface area. The surface area’is typically ,it at 0.5 nR/g,
suitably at least 10 n2 /gg, especially WO 92! 25958 at least 25 m!g, and

nore: special by akd8asts 32 MR/ Gind hased anBER suLfage areasngasgyr ement s
according to ASTM 1)366:-92, Suitably the Surface area is at nost 400 I
g especi al | y &2SRsStCLAF0FIMDNREE ot he"Satr Bidtts aqneterablg t he

surface area iz .p3desIaNges of t {15 o dle N8, 0r 4@ L0Q %/ 9.2 0RcLPe sane
basis. The particle of the refractory oxide is also not naterial to the

invention and 4tay ribe/ el egiead ol 1 i at wndet ?@NGES/g f ain exenplhecbehowsl mMm ,
typically in the raqgf of 10 fromO0.1 to 100, pun, preferably in the range
of from0. PartisierLesthis TpetifFedrfh thi s pat®nta o tent Otar e

~invariably the, voj av rticl i s.as determned by using a
VAOTERS) 2ER MR H T Sl F 2P b8, P SR A2 02 Lor | nstrunents,

Ltd., United Kingdome pastigl4¢heieal ofil aheonefied diodr gdesk giatied a3 B0 hoand
supplied by Nhlvern,lfstrunents Ltd

., _the materjal. to pe, neasured js
dilute,. with FAr¢he? |Fau?*aea§“XFPE£8§/‘ aBP‘eg‘éﬁtb%mé‘?i?CF%dt %%Ehﬁﬁd&s 11
and 1.1.: presemnigds, 26cheeghmnpatt el oo 1aehi evept bel1pyesar thed-0pfd ¢al
density and the particle size is subsequently neasured within 30 seconds)
The fik3t |iqufdomn@- theoséednHm, ' guiedeirndépgendenbbyranag e oragani c

liquids, such as_a |ower alcohol, a lower 25 ketone, a |lower ester, or a
| ower ether, f0r°ekGnplel™

Particle sizes as specified in this patent document
are invariably the volume average particle diameters as
determined by using a MASTERSIZER MICRO PLUS instrument
15 (trademark of Malvern Instruments, Ltd., United Kingdom;
using the calculation method designated “5THD” and
supplied by Malvern Instruments Ltd.); the material to be
measured is diluted with further liquid as already
present (water in the Examples I, II and III presented
hereinafter) to achieve the prescribed optical density
and the particle size is subsequently measured within
30 seconds).
The first liguid and the second ligquid independently
may be organic liquids, such as a lower alcohol, a lower
25 ketone, a lower ester, or a lower ether, for example
ethanol, acetone, methyl ethyl ketone, ethyl acetate,
diethyl ether or tetrahydrofuran. In this patent
document, when the term “lower” is used in conjunction
with an organic compound the term specifies that the

30 organic compound has at most six carbon atoms, in |
particulér four carbon atoms. More suitable first and
second ligquids are aqueous liquids, such as a mixture of
the organic liquid and water, preferably comprising at
least 50 %w of water and less than 50 %w of the organic

35 ligquid, based on the total weight of the liquid. In



et hanol, acetone, nmethyl ethyl ketone, ethyl acetate, diethyl ether or
tetrahydrofuran. In this patent docunent, when the term"lower"” is used in
conj unct i g oMabks an organi ¢ conmpound the term specifies pbaterthery30

organi ¢ conpound has at nost six carbon atons, in particuliayr |flotif, car bon
atonms. More suitable first and second H gqui-d:; are aqueous |iquids, such
as a mxture of the organic liquid and water, preferably conprising at

lleast 50 %w of ,uater,and {ss,hhado0 %y:efs Lhe grgani c rhiquid, n
the total wei gﬁt of the I_iqui%l(%I In éLSQM\}\DSOSI 0595% % parti culg)e{refﬁzg%eogus
liquids -ire wabhek.the fsrshatiahed fandstthe geicednand ihe dsegend i itdwi d are
of the sane c SLLJ ., - Mpst i tably t i e e .fjrst
liquid and as %%ghgsg%}gﬁgshta%d.b@% n%teagl\(lﬁ) %fte?hg%p%esgzjn:a%prtg{ceress
nmechani cal powdrrsits lexeitiedndnas hehern se¢agral tlocpbtdai n a dough. The

mechanical power be exerted_by nethods known to the . ski.lled person,
such as5cby kneadi Eg}l‘o %ﬁﬁ’l I i—"ig?f éﬁ?t%lbeisee~ntaﬁjﬁ§rc§tsﬁs “éercg‘az{‘lfagll épewefﬁ(er or

si gma bl ade m Xey exkdtad ohotati Agxwheel tdnoeraim |d efoudtypimad |y, the

mechani cal power is exerted on the mxture fqor a period of from5 m nutes
to 2 hours, or "9ERGeralsbOHeas™dY PB %h%*iﬁi?%me%rﬁ%r‘gmnﬂb? € peri od

of from15 to Q4 imiRkt @srsohhi susheRsNBY beeL&@ied Aomeut i gyersai bsead
range of tenperatures, preferabl élfrom 15 to 90 'C. As a result of the

i nput or ener gyRRERG Hfe 2150 Rt dr ©L2fRePEXHF | P bel @ie | rtrdaselvert fed a

temperggure, The,splids fRAtent Q- theidough as prepared in step (a) is not
material to the invention and may be 20 selected within wi de ranges.
Typi cal |y the sol i dyrdsrtldnt: the aecheascabOroner fbe exanpte ©n the range

of from 65 to 90P4y, Q0 £he Pasis of Jfehe Lt al (YeLOBE OF YPEours, or

longer, such as up to 5 hours, but preferably for é
period of from 15 to 90 minutes. This step may be carried
15 out over a broad range of temperatures, preferably from
15 to 90 °C. As a result of the input of energy into the
mixture, there will be an increase of the temperature.
The solids content of the dough as prepared in
step (a) is not material to the invention and may be
20 selected within wide ranges. Typically the solids content
is at least 60 %w, for example in the range of from
65 to 90 %w, on the basis of the total weight of the
dough. Preferably the solids content is in the range of
from 65 to 85 %w, on the same basis. The solids content
25 of a mixture (dough or slurry) as defined in this patent
document is determined as the weight of the residue which
is formed after heating the mixture for 2 hours at
600 °C, whereby the heating may be preceded by drying at
milder conditions if desirable.

30 The particle size of the solid material present in
the dough is typically at most 5 pm, for example in the
range of from 0.05 to 3 pum, preferably in the range of

from 0.1 to 1 pm. The particle size reduction which
occurs as a result of exerting the mechanical power

35 during step (a) may be quantified by the ratio of the



dough. Preferably the Folios content is in the range of from65 to 85
.wW, on the sane basis. The solids content 25 of a m xture (dough or
sl urry) asW@eRORSE in this patent document is determ ned BSVFRY/ ‘@%18 ht of
the residue which is formed after heating the mixture for 2 hourd ’ bﬂt 600
'C, whereby the heating may be preceded by dry| ng at mlder conditions if
desirable. 30 The .p rt| cle size of the terial present jn _The dough
is, typicallyBEat" S SI5H For exapl e |§1t?Fhe 2k anger of I ‘FrBﬁt% 185°to 3 pm
preferably in dihe rangeofstrems. deép lpm THhe partbcle sigecresycthon
which occurs as a result_of exerti ng t he nechani cal power during step (a)
may be quanti fid BPINe of0 Chet WD poa 42 RArfiguiag 1g theyrange_ofepg of
step (3) over geh, pardgd alge sisze at the start of step f~a~ . This ratio -4.
- typically in the range of 0 02 7c) O ~ 5, in particular in the -a.nQ of

fo, 5t o. T)hq PRATHT Y obf Sgeeeﬁdllﬁ‘quﬁdadmhﬁﬁédlhnS§teé>p b Yiss T h
e u not materi ventian. f ntity
the liquied |sﬁ% e%gsflé%.i%l:)tgr%t ?g&g?ghf %p%w%bg% tht \%%apt tgg ggﬁgh

and the quantis$ecoaid sbi;cqmbl:ilmmrtdllessttypitcalaky aty wastghﬁ‘io (plow) pere rpbw of

t he dough. For_10 ex ntity of e ond i UId i n.the range of
e, oM T e 5 o e MR e a8t S P n Ssar Bt 1S T pow per
pbw of the doughpld:mﬁepeﬂtiemdty 60t pewquant bby off hihguicduwpy. such that

the soljds content of the slurr rep red in 113 step b), is at nost 55 Qw,
for exafple i nS¥ABPTange B U310 fgsz%o&\?% THavad vé td tHIf gt of the

slurry, Suitabkymt besadantot you spestelgﬁm ed ithe warﬁe M A1 ddies » shapi ng
nmet hod sel ect e%rggr 1a‘;gpl i cagll”?npérn psk;t‘h,epof( -t-he) dough
Independently, the quantity of liquid may be such
that the solids content of the slurry prepared in
15 step (b) is at most 55 %w, for example in the range of
from 1 to 45 %w, relative to the weight.of the slurry.
Suitably the quantity is selected in accordance with the
shaping method selected for application in step (c). For
example, when the shaping method is spraying, such as
20 applied in a spray-drying operation, the solids content
of the slurry is typically in the range of from 5
to 35 %w, preferably of from 15 to 30 %w, relative to the
weight of the slurry.
The mixing of step (b) may be carried out by any
25 suitable method known to the skilled person. The skilled
person will appreciate that preferably a homogeneous
mixture of the dough and the second liquid is obtained,
i.e. a mixture which is free of lumps. Stirring by means
of a radial turbine, an anchor stirrer or a marine
30 impeller is suitable. Typically, a mixing time of 5
to 120 minutes will be suitable, in particular from 15
to 90 minutes. The mixing may be carried out over a broad
range of temperatures, preferably from 15 to 90 °C.
Any suitable shaping and drying methods may be
35 applied in step (c). For example, the slurry may be dried



exanpl e, when the shaping nethod is spraying, such as applied. in a
spray-drying operation, the solids content of the slurry is typicallv in

the ranggQf kdspm 5 to 31. %v, preferably of from 15 to 3d¢r/ipWo76R! ative
to the weight of the slurry. The nmixing of step (b) may beicarried out *by
any 25 suitable method known to the skilBed person, The shilled person wl
appreci ate that preferably a honbgeneous mxture -.:)f the dough and the
second |i qui dd Soeht ai pede andecruanmdxt ey whg ahay Sbd reefa@ftddimas.an
Stirring by ans a radial turbine,  an anchar stirrer_or.,a marinr 30

Cmpel | oF & SURVEBFE CEUBPEAMTYC a Sicg IR TPOBS P8 12+ O TR TR i | |
be suitabl e, \ig tpasbicculcar mbrempl® flea-290 yrinpit £s. 3dhe° ol xtng payibe carri ed
out over a broad range of tenperatuers, preferable from1l5 to 90 C Any

sui t abl e shapi®g HWd dr yiSnd YRECRIds Yy e appPirEd: i ROEEepretgralrhy

exanple, the sliynyg myRedried pdosforma cake and crushed. Drying may
be effected at an elevated tenperature, for exanple above 3';) preferably
lip to 500 ° ( “Prefereply, shagdng 'andyWnving i6 cargigfeoperiondaf or
drying is typi I 5 ho r _ - IS mnutes to .a
hours. ~'.re:%ra]fyfﬁ&?%§ﬁ?ﬁg gﬁgfégg%ﬁaﬂ%gggagp%é éﬁ&gﬁgla single
operation, for exanple dneZprad dryingelude sopeeber medet d lorchugdeoohegor
nore flow inprovin agents and/or extrusion aids,. peptising_agents and ,'
bur n-out mat 6P7ETE | TG XU FTEOPr T8  PEPETIIE G STeR Caddi vi t es
and their usepare-knowmatdridhe afitthe. §lubery pexamle WRIWs349X. Buckery
sui tabl e pept .use in this invention are meg% acids, in

particul ar ac%aégg%gggzégdggiﬁéFO?S%taF%aEPOUP Sul t45 Y&t fost R |

preferably inekbgprange-9§/ 948110 GerphenifeasW ebit st elgetitd "for 25 C.

More in parti%ggagh ggggofgbégtgghdgiea&gak acids, in particular acids
having a pKa of at least 0, suitably at most 8,

15 preferably in the range of 0.5 to 6, when measured in
water at 25 °C. More in particular, carboxylic acids are
of intefést, for example formic acid, acetic acid,

' citric acid, oxalic acid and propionic acid.
The shaped and dried compositions of step (c) is

20 calcined in step (d). Calcination is effected at elevated
temperature, preferably at a temperature between 400
and 750 °C, more preferably between 450 and 650 °C. The
duration of the calcination i1s typically from 5 minutes
to several hours, preferably from 15 minutes to 4 hours.

25 Suitably, the calcination is carried out in an
oxygen-containing atmosphere, preferably air. If desired,
the drying of step (c) and the calcination may be
combined.

It will be appreciated that the most preferred way of

30 carrying out the process may vary, depending e.g. on the
desired size and shape of the catalyst particles. It
belongs to the skill of the skilled person to select the
most suitable method for a given set of circumstances and

requirements.



of interest, for exanple formc acid, acetic acid, citric acid, oxalic
acid and. propionic acid. The shaped and dried conpositions of step {c:) s
20 calcined in step id) . Calcination is effected at elewgiﬁg ,L_pFerature
preferabl?CHYmahfenperature bet ween 400 and 750 nore prefe F& betiveen 450
and 650 C. The duration of the calcinatimis typically ffiom M'nutes
several hours, preferably from 15 mnutes to 4 hours. 5 Suitably, t he
calcination is cargiegd Qulyi Nt@d QXY tC O &t oh &t ros phies esopreber gably
air. If desired, the dying of step (c¢) and the calcination may be

conbi ned. . 1t Rfdeibe idppPechateee t Hakd ¥t Wosd ¥ et ep¥elc Waydofietsed
carrying out the- PIOSIEsS tHBY Yﬁr¥te€eP@Pd'n9 e.g. on the desired size and
shape of the catal yst particles 1. belong=to the skill of the skilled
person to sel ect thee Hﬁﬁﬂﬂcéalﬁabeeoﬁmimﬁxp¢%¢eé ghvehne@t agfteai r cunst ances
and requirene 5 oV, et ab ,'

catalygﬁ i's ob$%|n33¥HQL$% % ant g&%éléknﬁ ﬁsggggfgpégyk F?f%€16§ a
preferred nethed ffon apR i2oat uan pﬁesée@bly)mT{anep@éhg@I efsifzenofiot he
powder obtained after 5 shaping, drying a, -LCJ oa.,-ci.ni-ng is typically
in the range ofoft@Mn Bnt dt236 kdmpnprgtenabty empfihg thrgeadk ifysomil0 to
100 | am dvant ag o enpl the cat |n the formof such a
powder | n & ChERFC AP B o e T AIER S E TSl fy CHEURREL PP CERamI T
slurry-bubbl e seagtor reqife Alfar Rakinyeeshapas saue riebhebie saddtesr and
cylinders, which may be sujtable f or use _n a. chenical process under a
fixed-bed recline, 2 XB?r%ﬁﬁﬂﬁﬂ(§hﬁPe§ arfabRedehEd Beciddes 1Béss preferably,

the catal yst: stlH@QE:@-' NRch &h IdP YR i) eWislhouls 2 1weld  dedihnesh 15
shape. A suppof#ed cat al yst or _a precursor' thereof may be
process under a fixed-bed regime, for example in a

to

packed-bed rector. Less preferably, the catalyst is
obtained as a lumpy material without a well defined
15 shape. )
A supported catalyst or a precursor thereof may be
made which contains a catalytically active metal or a
precursor of the catalytically active metal. The
catalytically active metal is a Group VIII metal, as in
20 many chemical reactions, such as Fischer-Tropsch ‘
synthesis and hydrogenations, a supported Group VIII
metal catalyst is used.
For use in the Fischer-Tropsch synthesis it is
preferred that the Group VIII metal is selected from
25 iron, nickel, cobalt and ruthenium. More preferably,
cobalt or ruthenium is selected as the Group VIITI metal,
because cobalt based catalysts and ruthenium based
catalysts give a relatively high yield of
Cg+ hydrocarbons. Most preferably, cobalt is selected as
30 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

from manganese, vanadium, zirconium, rhenium, scandium



made which contains a catalytic. ally active netal or a precursor of the

catalytically active netal . The <catalytically active netal. is Goup VIII
met al , asvo m/rOsgmany chem cal reactions, such as Fischer- ¢ @Pls()msh
synth: sir; and hydrogenations, a supporteéj Goup VI netas A igatal yst
i s used. For use the Fischer- Tropsch synt esis it is preferred that the

Goup VIII netal is selected from 25 iron, nickel, cobalt and ruthenium
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because cobal { c ysts.and.rytheniun based catalysts give a
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sel ected as 30 t'h?ee @roupt VPEI thet élroupPVIfIlIr tirt@@ralrrexralsenrm)inbehpr esent in
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may beSsel ect edppbrbeﬁnﬁngapegéIIvaueadlumatmlrymmaumpnﬂm tfimors dandi um WO
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preferred fur Fﬂe?oné‘fdapggghﬁazﬁgﬁgsgll&f %%taaai[ urg ™ i par e et z#‘eﬁaﬁaﬁnese

amount of theceraupsYl ik netkal W&mmls@éﬁawtgﬂlmsﬁs LCdagkyist may

vary widely. Typically, the ported Grou Vi tal catal yst conprises
from1l to 50 °™ (1§ 'Wetlﬁg‘ ﬁ'B\ﬂ G G a\{I rf“%%‘?fe @t L Ve the
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the further neta
welght of supported Group VIII metal catalyst. The atomic

15 ratio of the Group VIII metal to the further metal, as
present in the catalyst, is typically af least 5:1 and it
is typically at most 200:1.

The supported Group VIII metal catalyst may suitably
be prepared by methods known to the skilled person.

20 It i1s preferred to introduce the catalytically active
components or precursors thereof by having them present
as an additional component in step (b) or more preferably
already in step (a). A less preferred alternative is that
the catalytically active components or precursors may be

25 deposited onto the support after the calcination of
step (d). The term “catalytically active components”
includes any catalytically active metal, i.e. the
Group VIII metal and any further metal, as present in the
supported metal catalyst. The term also includes

30 precursor compounds of the catalytically active metal. It
is not excluded that, in addition to the catalytically
active components and the support, the supported metal
catalyst comprises further components.

Suitable catalytically active components include

35 salts of the catalytically active metal, such as



present in the catalyst, is typically at least 5-.1 and it 1is typi caIIy at
nost 200:1. The supported Group VIII netal catal yst may su tably

pr epar ed b9 "HEPHods known to the. skilled person. 20 It i5 BFE‘P&'F 3§d to
introduce. the catalytically active conponents or precur sof 8 *E«Her‘eof by
having ,:gem present as an additional conponent ins to (:) or nore
preferably already in ste A less preferred alternative is that the
catal ytical | yna*éfﬁ%@&c@ﬁﬁgﬁ’@ﬁt@s AN Praseaird et Wr@é‘lgﬁsdélﬁ‘és@{*é‘éﬁ%nt 0
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catal yst. The rma I curs u cally
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salts of the ically active nmetal, such as WVO U2,' 0S9t *8

PCllEP01107938 - Jsz Thy tdaalaas_x,;tmbbpaheslva@dc@mﬁretsﬁ dry drexgesrand
oxi des of the catal yti cal active netal, and the catalytically active
metal itself. ARGty BRE §8988ﬁ50ﬁ hes the Ca]zjg”@rtll?ﬁy %%ot be

sol uble in thes,tfelpr Stqor é&w@tibﬁaueﬁhetﬁoeg hagypaBYpbEi far tgld y sol ubl e
inthe first or second liquid" If the catalytically actlve conmponents or
precufSors ar@TVftodvieed totihdsshpyoiveaf feF thetpdt ci PErGion toft inst ep

(o Moo 08 bt cmy peaspaietoratibalt peonyestiang g hoce
or precursors tﬂﬁcﬁupport, spray-coating, kneading and/or impregnating

the catalytically active components or precursors onto

the support; and/or extruding one or more catalytically

15 active components or precursors together with support
material to prepare extrudates. .

A conventional method of preparing the supported
Group VIII metal catalyst is by impregnating onto the
catalyst support the catalytically active components orx

20 precursors as adgueous solutions. In case a cobalt and
manganese containing supported catalyst is to be
prepared, most preferably a highly concentrated solution
is employed. A suitable method to arrive at such a
concentrated solution is to use a mixture of molten

25 cobalt nitrate and manganese nitrate salts. The
impregnation treatment is typically followed by drying
and, optionally, calcining. For drying and calcining
typically the same conditions may be applied as described
hereinbefore.

30 Now turning to a use of the supported Group VIII
metal catalyst of this invention, as indicated
hereinbefore, the supported Group VIII metal catalyst may
be used to catalyse a process for the preparation of

hydrocarbons from carbon monoxide and hydrogen.



t he support; spray-coating, kneading and/or inpregnating the catalytically
active conponents or precursors onto the support; and/or extrudi ng one or
nore cat alyws og@bigy 1 active conmponents or precursors togepbempwi/dhssupport
material to prepare extrudates. A conventjpnal nethod of pr_.ie,pa,r__j, ng the
supported Goup VIII netal catalyst is by inpregnating ont'o’ t'A e

catal yst support the catalytically active conponents or 20 precursors as
aqueous sol uti®ndicdhlvase en cobalite afd thABnganesescontalARAY Bapported
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solution is enployed.” A suitable nmethod to arrive at such a concentrated
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nitrate. salts,,Ine, LOPegnatiqn §1eatRal a3yl cally Lol haved by
drying and, optronalfy, calcrning. For drying and cafFcining typi cé’lly t he
sanme condi ti onsepaythbenapphi ede asrekescord bdd hyhieogennbef eflevala@ Now _ rui ng

to a use of the _supported oup VI1I tal . catalyst of this _invention, as
i ndi cated her e%ieﬁlggg %E,ret %yggﬁﬁi)iﬁf'eatr% orl%iuﬁs‘tlgln SAAYSE a%Pe'Used to
catal yse a proeesschealiybe ptepatanp@rmtnfre hydroeankens fir@m aarcbon

nonoxi de and hydr oggn.o WO 02/05955 - 12 PCT TQ 074.38 ‘Irié{oi cally, when in
use it, that. pPoéels, Cat 2afeSsEVPaFE RFCSTHE Glotd AAULY et L s present in

its netal liec stabeo FhergheresrbRubst NOrY |y @dvant agapus tmyactivate the
supported Goup VIII. nmetal catalyst prior to use by a 5 reduction, in the

present® of hydwsgeseat melvePat egdedt efpetat IRBIC TP calUly, 1t Hes ekt on
LS, PSR LT AT (e Horm 100 1o
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,
15 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
20 relative amount of hydrogen gas in the gas mixture is
gradﬁally increased up to 50 %v or even 100 %v.
It may be preferred to activate the supported
Group VIII metal catalyst in-situ, that is inside the
reactor for the preparation of hydrocarbons from
25 synthesis gas. For 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 at least 15 bar abs., preferably at
30 least 20 bar abs., more preferably at least 30 bar abs.
Typically, in this process the hydrogen partial pressure
is at most 200 bar abs.
The process for the preparation of hydrocarbons from
synthesis gas is typically carried out at a temperature

35 in the range of from 125 to 350 °C, preferably from 175



to 200 bar abs, frequently for ~ to 200 hours. Pure 10 hydrogen may be used
in the reduction, but it is usually preferred to apply a m xture of

hydr ogen WAd2/ais$ nert gas, 'like nitrogen. The relative &%3dAt 18 Rydr ogen
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present in the m xture may range betweem©.1 and 100 %, ccording to a
pre erred enbodi nent of the reduction, the catalyst is brought to the

.5
desired tenpetaty apd re level .in. Lt rogen.ga t nospher e.
Subsequent |y, rtt?%hé%gat gl' yg?‘_r3 %zrset:ég’rlftréac;%d tw&%agllgag% %’Ih)%t %ragldcggncglai f;ﬁgon only
a small amountt ab Aypdr bgenalgas, prddfermedty Beong Snitor 8gemgasaburing t he

reduction, the 21 .relative anpunt of hydrogen gas in the gas mxture. is
gradual |y i ncPE&$&§ dp Tt ér%n%)/&oorgbe\?@% f%’%% It may be preferred to
activate the supperiiedged atp dddormeicaloxgateal (St tihrsssid Uzad)hats i s inside

-the reactor for the preparation of hydrocarbons from 25 synthesis gas..
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whi ch conpri sesndeontagt iong they cat alstnJdrddig RIEseneso of ndyds ogar bon
liquid with a hydrogen-contai ning gas at a hydrogen partial pressure of at
| east 15 bar dbsiar pradfi@cabiyl atncBer$eddte Kb barc kst ivibyeOpreherabl y at

| east 30 bar axis.. Typcally, in thjs process hydr ogen. partial pressure
is nost 2000 bcaartaibyss.éls'%hel.'eprBE%S%Q#%?P%%t%r%%;%‘?ig‘ﬁr‘g?tﬁ dr8&arbons from
synthesis gas ¢s+ thypigaddnposarried out tenperature 35 in the range of from

125 to 350C, preferably froml. -1ISW I1? 2/ J54;, g 1'C T.rk P+;~ g J4171 38
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gas) to _i5 C _The.pres typically in e_ran of. from 5.tq 150 bar
abes., prefer aBli“;’/ ?irg%%) E\H{lgi g%‘e gsrlsa %P?igna?éplgggl fglﬁr%g&rt gettﬁg [3‘rsocess
at- a nolar rahaoganesdeand/angeahrding, 7whdcR. drelpwehydiogen atho atambion
monoxi de ratio of cobalt/(manganese + vanadium) of at least 12:1,

the Cg+ selectivity of the catalyst is remarkably high,

15 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 tﬁe range of
from 1.5 to 2.5 may be used. 4
The gas hourly space velocity (“GHSV” hereinafter)
20 may vary within wide ranges and is typically in the range
from 400 to 10000 N1/1/h, for example from 400 .
to 4000 N1/1/h.
The term “GHSV” is well known in the art, and relates
to the gas per hour space velocity, i.e. the volume of
25 synthesis gas in N1 (i.e. at the standard temperature
of 0 °C and the standard pressure of 1 bar (100,000 Pa))
which is contacted in one hour with one litre of catalyst
particles, 1.e. excluding inter-particular void spaces.
In the case of a fixed bed catalyst, the GHSV is usually
30 expressed as per litre of catalyst bed, i.e. including
inter-particular void space. In that case a GHSV
of 1600 N1/1/h on catalyst particles corresponds to
about 1000 N1/1/h on catalyst bed.
The process for the preparation of hydrocarbons may

35 be conducted using a variety of reactor types and



nolar ratios increase the |:5 selectivity of the catalysts, | e. the
selectivity the formation of C5+ hydrocarbons. However, in the enbodi nent.

of the i QueMds3 i n which the Goin VIII netal is cobalt pangplhgyiurther
nmetal is nanganese and/or vanadi um which are present in an atondg: ratio
of cobalt/ (manganese + vanadi um of af Héast 12:1, the C5+ selectivity of
the catalyst is remarkably high, 15 even where | sing synthesi-s gas having
a hi gh hydr ogesrdiolioxardomemnoki decstomi € eafieedl hethirsgemsodianent t he

hydrogen to c n gapg ' r ratio.Jn,the.range of from1l._, 5. 2.5
may be used. %ﬁggdé ho%%?%é ha%eoﬁe%%c?%§l§4%ﬁé%g %E%efﬁgﬁFgf gfowﬁ;§ vary
within., wde bangesreangices tiypt cahéysinet bé rargeathrngm: 46Qttial26000

N1/ 1/ h, for example fr n14q9. to 4000 NL/I/h. The term™ V' is well known
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of 25 synthesist@aseintXrl (t.welahgbheostardand tiemrerafcurskilafe0 ' ¢ and
the standard pressure of._| bar gl.OO 000 P a) , which is contacted _in one
hour with onePFFEPB bP E&t&fysth pﬁPF?cPB?FqPQ%aQS«QQRﬂ%qurﬁ%ﬁtﬁﬁ#%icular

“voi d spaces, si-8 ¥Be sageveh achtxednbedqGalal yst, the Gz3WV iss usually
341 expressed as per litre of catalyst bed, 1.e. including

inter--particul ar Fv&F8°5, - akeViilh PRatNE&SE L@CHIN DT . the 6061 N9AL, / h on
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process for the preparation of hydrocarbons nmay 35 be conducted using a
vari et of reaondittppes fandaWepeti/iGs Y58 @T1ddn POuTh7ods, ridaect |, on

bl I 1t i ng. bed Foer o T i 1~ Spar e aled Thar=Fhe g SEoFTe et al yot
particl es may prarfy rdepe maisn g oorr ltvhes pagac ti oo ¢ £gy neay héypané upon the
type of reaction regime that is being applied. Thus, if
it is desired to operate the hydrocarbon synthesis
15 process with a fixed bed regime, preferably the gas
hourly space velocity is chosen in the fange from 500
to 2500 N1/1/h. If it is desired to operate the
hydrocarbon synthesis process with a slurry phase regime,
preferably the gas hourly space velocity is chosen in the
20 range from 1500 to 7500 N1/1/h.

It is a particular aspect of the invention that the
catalyst support and the supported Group VIII metal
catalyst have an increased strength. Therefore, when in a
chemical process a fixed bed regime is applied the

25 catalyst bed can have more height, or when an slurry
phase or an ebulliating bed regime is applied there is
less attrition of catalyst particles. Less attrition may
lead, advantageously, to a longer permissible residence
time of the supported catalyst in the reactor, and/or to

30 the less formation of fines. When there is less formation
of fines there will be less danger that fine particles
will pass the filter in a filtration step for removal of
catalyst particles. It is preferred to use the supported
metal catalyst of this iﬁvention in a slurry phase

35 regime.



mended for. It belongs tc the skill of r. he sklled person to select the
nost appropriate catalyst particle size for a given reaction 3:egime.
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of the solids was 2 um. Water (650 pbw) was added to the
dough and the dough/water mixture was homogenised by
means of a turbine stirrer, to form a slurry. The

15 particle size of the solids present in the slurry was
unchanged. The slurry was sprayed-dried through an
atomizer. The resulting particles were calcined in air
for 1 hour at 600 °C. The particle size of the resulting
powder was 30 pm. The catalyst precursor so obtained was

20 subjected to various tests.

| The particle density was found to be 2.38 g/ml.

The strength of the particles was tested by
subjecting a slurry containing 5 %v of the particles in
water to high shear forces during 30 minutes, by means of

25 a high-speed mixer operating at 5750 rpm. The temperature
of the slurry is maintained at 20 °C. The size of the
fresh particles and of the particles after the shear
treatment was measured. It was found that the shear
treatment applied during the test had caused a 5%

30 decrease in the particle size.

The cétalyst precursor was reduced and tested in a
process for the preparation of hydrocarbons. A micro-flow
reactor containing 10 ml of the particles in the form of

a fixed bed was heated to a temperature of 260 °C, and



r by dough was prepared by adm xi ng and. kneading in a kneadi ng apparat us
120 parts by weight (pbw) of comercially available titania z-Jowder (P25

ex. Degu surface area 50 nRig (ASTM P3663-92), p | Gy7osd € 7
pan) , QWO Fg_commr cially available Co(OH)2 The i nvenfp?,{ggﬁvﬁw now be
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particles in theobomnmaf/h. The reaction temperature, expressed as the
weighted average bed temperature, was 232 °C. The space
time yield, expressed as grams hydrocarbon product per

15 litre catalyst particles (including the voids between the

particles) per hour; the selectivity of.methane,
expressed in %mole methane obtained relative to the
number of moles CO converted; and the selectivity to
hydrocarbons containing 5 or more carbon atoms

20 (Cg+ selectivity), expressed as a weight percentage of

the total hydrocarbon product, were determined after

40 hours of operation. The results are set out in
Table T.

Example II (comparative)

25 Example I was substantially repeated but with the

differences that

(1) the quantity of water present during the admixing'of

the catalyst ingredients was 620 pbw, instead of 50 pbw.

Consequently a slurry was directly obtained, instead of a
30 dough, which was milled by using a ball mill until the

particle size was 2 um.

(2) during the preparation of hydrocarbons the reaction

temperature was 239 °C, instead of 232 °C.

The particle size of the powder after the calcination

35 was 30 pm. The particle density was found to be



a fixed hied was heated to a tenperature c~f 260 {'., and WO O2; 051)~ PCT;
FTO11, 71)38 pressurised with a continuous flow rf nitrogen gas to a
pressure P 20458, The catal yst precursor was reduced idXsVERP%+824 hours
with a mxture of nitrogen and hydrogenigas. During reductidnitiie relative
amount of hydrogen in the m xture was gradually increased fromO % to
100 v. The water nt rat ixoR. Al of f - ; tg pe 000 pp"
v. Fol |l ow ng rlgd%}(c:ﬁ]@ﬁ‘ ki ﬁgl g@é’sghrgééages ﬁ]c%géﬁsieg ‘t%ﬁgls aér 0“\3%1%5. The
prepar ati on ofcdysirddar bdes shesr LOeghnenedtailt - viiuhclze i x¢ sm bt of ahgdr ogen
and carbon nppoxi at, a3/ CQ ratio of 1.1:1. The CHSV ampunted to 7700
N1.1-1 I h, The reaction tenperature, expressed as the weighted average bed
tenperature, was 232 C. The space tine yield., expressed as grams

hydr ocar bon product per 1r litre catal ﬁ?ﬂ%;EaE“ cles (including the voids
between the. particles) per hour.; the ctivity of nmethane, expressed

in nole nethane obtlal:nggiel ative to the nunbef1of noles & tonverted: and
the selectivity to |-hydrocarbhons containing 5 nore carbon atons 2,0

(Or.-- sel ectivity)|SragH éd8ed vaeld Wei §hb) per cenia§e 0P10t helt ot al
hydr ocar bon producty; : ] E urs—ofTgperali on. The
results are set out S|n albl e-l. © a?rpl e nol%o T<'§r'a§fti ve)l(iZ? Exanpl e | was

substantial |l y repeategt maladttibvittye ($d) f f er enceg Ahdt (BY .tthe|quantity of

wat er present during he admi xing of the catallyst ingredient=; was h20
pbw, instead of 50 pbw *) CopeeRRietitie a slurry was directly obtained,
i ns~ead of 30 dough, which was mlled by using a ball mll until the

particle -size was 2 um (2i during the preparation of hydrocarbons the
reaction tenpékzatpile Wasg 280mp&rainstlead of 232

5 A catalyst precursor was prepared as set out in

Example I but with the difference that the dough prepared
as in Example I was extruded to obtain an extrudate,
which extrudate was subsequently dried, calcined (as in
Example I) and milled to a particle size of 58 um,
10 instead of adding water to the dough to obtain a slurry,
spray-drying and calcining.
The particle density was found to be 2.14 g/ml. An
83% decrease in the volume weighted average particle
diameter was caused in the shear treatment test carried
15 out as in Example I.
It will be appreciated that in various aspects the
catalyst of Example I, i.e. according to the invention,
is much better than the catalysts of Examples II and III,
i.e. the comparative catalysts. The invention provides a
20 stronger catalyst and a catalyst which has a higher
density. Using the catalyst according to the invention,
the hydrocarbon production rate is higher, although the
temperature was lower. The hydrocarbon production rate is
higher on a catalyst weight basis and on a catalyst
25 volume basis. Further, the selectivity to hydrocarbons

containing 5 or more carbon atoms was better and the



The particle size of the powder after the calcinaton. 35 was 30 um The

particle density was found to be '~ay'Cl f}Ljffi”~17R PCT'E QJ/ 07938 LI --
111 AN 10Q o3& 9/ n . An 80% decrease in the particle sizgmy@snoagsed in
the shear creatnent test. Further resul_t§8are set out in Tabl.e}. TABLE |

-.---- --...- Exanple -TIl Space tinme yield /J 113 - Selectivity nethane
(trnale) 4.8 peltcDd seGRtseleptiviaytQbytgple BOLY7 partly to the -
---------------------------------------------------- W 1) Conparative
Exanple 111 (%g\rﬂr}%ér%{taln %Sa%uﬁ\ebat al yst precursor was prepared as set out in
Exanpl e | but withntheedpféparacecnhat the detghypregarediras s miExanpl e |
was extruded to_obt ai n.,extrudate, . which _extrudate was. subsequent |

dried, calci néaé‘a;mggeig g%%a%?%g?? gﬁdm?ncﬁﬁgécta& a particle es:‘iezrgteo q&% gm
10 i nsteead of taddiragruwateryt oxtte dougbttanoblaiti cal esd usf ythe spm@y - dryi ng
and cal ci ning. .The rticle density was found tgo be 2.14 g/nl. An 83%
Gecr ease [ n iAol R REPGRCEH SVEFAGE paf PO Lt Sierar has tHifed | n
the shear treatmmit shestngdr HirednglanaUtads iini dexamd echtalyswi | | be

appreciated that in various aspects the catal yst of Exanple :,, i.e.
accordi ng to t3FEARNEAt £onthej SNFEeH 198t e t%etlflet}é%‘fla%a s of Exanpl es
11 and |11,  isopardheveorpaiatisye catalysts. The invention provides a 20

stronger catal yst and a catal yst which has a higher density. Using the
catal yst according to the invention,



t he hydrocarbon production rate is higher, although the tenperature was

| ower. The hydrocarbon production ratel?s higher on a catal yst 3 weilgtit

- basis and on a catal yst 25 volune basis, Further, the selectivity to
hydr ocarbons containing 5 or nore c tons was better and the

PClka'i 11107938 better selectivity is attributable, only partly to thg

| ower tenperatyrgrobBskhecprepagation Hfcdhe at aluyplorRr ecupsors of
Exanpl e | and Exanpl e 11 nmechani cal power was exerted on the refractory
oxi de to obtaiperpadt Gebes Bl heesabecasazest At hougredtrescsi zé thet he p

1(_:Z es was . h Salt . r _shapin rying-7. and cal cining t catalyst
accor di ng tsélﬂpr?étieﬁl\/g’ﬁPPSn@&gg ng?grc‘ghﬁﬂy%ﬁ’- ﬂ'{h:‘c%hp?arroﬁels\fe catalyst.. i i
C LA) M5 Si Cg;rn%q%%sf:or preparing a catal yst support a supported (G oup

VIIl metal catalyst o a precursor of the supported Goup 1 netal catalyst,
whi ch process axsmpiingesechanierer pPRGL met hani talt uip vermpon. i ngi 2t ur e

conprising a .refractory oxide and.a first liquid to obtain a,dough having
a sol i ds coﬁ?%rrﬁ‘:to?ryaﬁgﬁ ast %6 %Wr,Stb l%?ehg? h%bt?la‘? iD ‘g‘?“@t*he particle
size at the,gpthofs SR dR)cAM@nt iFe apantihstecsi @t atp§ henSdrardnof step
(a) isinthe rage of 0.02 to 0.5, b) adm xing the dough obtained from
step (a) witéthe secom Hanuid ¢ ¢igst aitnthezendr 9fhavepg(a soreXis cont ent

at nost 55 % _(c). shaping and dryi he sl urry  obtained fromstep (b) ,
2nd 1) cal hR RESHTTE Rty Ui iR Rt S UEP 430U ort et B oup Vi 1
netal . catabysgeOot.oaoPpresur spr of the supported Goup VIII

(b) admixing the dough obtained from step (a) with a

second liquid to obtain a slurry having a solids content
of at most 55 wt%,

(c) shaping and dfying the slurry obtained from step (b),
and '

(d) calcining,

on the understanding that, if a supported Group VIII

metal catalyst or a precursor of the supported Group VIII

metal catalkyst is prepared, a precursor compound of the

Group VIII metal or the Group VIII metal itself is

present as an additional component in step (a) or
step (b).

2. A process as claimed in claim 1, characterised in

that the refractory oxide comprises titania.

3. A process as claimed in claim 1 or 2, characterised

in that the first liquid and the second liquid are water.

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

characterised in that the solids content of the dough as

prepared in step (a) 1s in the range of from 65 to 90 3%w,

preferably in the ranée of from 65 to 85 %w, on the basis
of the total weight of the dough.

5. A process as claimed in any of claims 1-4,
characterised in that the quantity of second liquid
admixed in step (b) is in the range of from 0.5 to
20 part by weight (pbw) per pbw of the dough, in

particular from 1 to 10 pbw per pbw of the dough.



metal . catal yst prepared, a precurso: C conpound of the Goup VIII netal or
the Goup VIl netal itself is present as an additional conponent in step
(a;) jr step (t;) 2. A process as clained in claiml., chracterised in

that the refractory oxide conprises titania. 3. A process as clained in
claim! or 2, characterised in that the44rst liquid and the second |iquid
are water. 4. A process as clained in any of clains 1-3, <char'acter'ised
in that the soli ds wontent ef theidedghrasny psreparsedd n-<step (a) is in the
range of from65 to 90. %y, .ﬁr%geEap y in_;he1range of_from 65 to 65 ow, on
the basis of°the’total “wei ght "of "t h8=dBaghtcte $122 1°F phgy 45 Hs an
of Cair, chafactespsedetinithatebheaquantibyr@s.rsecond li. i o 1adg xed in
Step (b) 1F, '":. ".7 the range of fromO0.5 to 20 part. by weight (pbw) per
- )~ w of thel@oulh; Pnepartipéyl an fhenratgeood0fpbw per e 50 ofnt.i: e
dough. 6. Aprocess as clainmed in any of clains 1-5, characterised in that
teh particle size of the refractory oxide applied in step (a) is in the
range of from’/0.% PE°%08SuAT FréfBrabiy PRVt RE FaRgESof Prom 0.5 to 50 um
7. A process ag.claiped LR anyQhcCkakms 146, o%h%mc?%&lt%ci_e' Ry ithat ¢t he
ratio of the particle size of the particle size of the particles present at
the start of tatepafta)cissi prekencange tok @ng2ofo sGed. &) AVErocdss as
claimed in any of .clainms 1-7 aracterised in that ste c)..is.a ray
dryi ng proces ?ré?ci?pﬁbégsgffggepPSEE&FﬁSSap§3568&t3% %f%hﬁgﬁﬁﬁ(ﬁital

catal yst or agpegCyk$OR sOfint Reesuppokt ed GroupcWl ol snetal catal yst by
applying the process as clained in any of

8. A process as claimed in any of claims 1-7,
characterised in that step (c)
9.

is a spray-drying process.
A preccess for producing a supported Group VIII metal
catalyst or a precursor of the supported Group VIII metal
catalyst by applying the process as claimed in any of
claims 1-8, on the understanding that a precursor
compound of the Group VIII metal or the Group VIII metal
itself is present as an additiocnal component in step (a).
10. A process for producing a supported Group VIII metal
catalyst or a precursor of the supported Group VIII metal
catalyst, characterised in that a precursor compound of
the Group VIII metal or the Group VIII metal itself is
deposited on a catalyst support which is prepared
according to a process as claimed in any of claims 1-8.
11. A catalyst support or a supported Group VIII metal
catalyst or a precursor of the supported Group VIITI metal
catalyst which i1s obtainable by a process as claimed in
any one ©of claims 1-10.

12. A supported Group VIII metal catalyst or a precursor
of the supported Group VIII metal catalyst as claimed in
claim 11, characterised in that the Group VIII metal is
cobalt.

13. A supported Group VIII metal catalyst as claimed in
claim 11 or 12, characterised in that the Group VIII

metal is present at least partly in metallic form.



clainms 1-8, on teh understanding that a precursor conpund of the Goup VII
metal or the Group VIIl netal itself is resent as an additional’ &enpanent
in step (a). 10. A process for producing a supported Goup VIII netal
catal yst or a precursor of the supported Goup VIII netal catalyst,
characterised in that a precursor conpound of teh Goup VIII netal or the
Goup VIIl netal itself is deposited on a catal yst support which is

pr epar ed accorgkng to a process as Iaineqlk? any of clakpshl-S. 11. A
catal yst support of* &*SGpSrt ed- AP VT hetal CaCAY st o ta FFPEET sor  of
t he supported Goowpi¥es cortaktcatabyst xwntehoi scaobicai mableilye arnpr ocess
clainmed in any one of clai 1-10., 12. A supported G oup VIII, netal

catal yst or a PrEEHISSY %@ﬁé{assspaﬁwea%% a\ﬂqdlpl??e?%recé‘flé:l &t as
claimed in cl aiuPgbltchanacterirsedmeRat hattd hes G oup-Midedretal is cobalt.

13. A supported Goup VIII netal catalyst as clainmed in claim1l or 12,
characteri sed icdaifatlt-he Group VIII netal is present at |east partly in
metallic form 14. A process for producing p conprise contacting a

m xture of carbon nonoxi de and hydrogen at el evated tenperature and
pressure with a supported Goup Vill rnetal catalyst as clainmed in claim
13



