; e3e/ RW RRSTTR>UV6VTRW h AWD 02/ 0958 PCT/ EPO 1/07938 - 1 A CATALYST
SUPPORT, A SUPPORTED GROUP VI METAL CATALYST AND A PRECURSOR THEREOF,
PROCESSESwWeR/05bS| R PREPARATI ON, AND A USE OF THE SUPPORTBECTZREWIM79A8| |
METAL CATALYST The present invention relates to a catal yst support, a
supported G oup VIII netal catalyst and a precursor of the supported G oup
VIIl netal catalyst. The invention also relates to processes for the
preparation of the said 5 sup%&ht % éSt and_precursor. Furt

i nvention rel afe5AE6LdSds&U6F éuﬁé FPBHER BB UQIVFIFEMETA%a?%T§%¥ST|n
particular in ﬁNDrQC@SECUQGOPh&HERED@Va@R@OEQEEBYﬁbRC@HEQRSPﬁEPﬁRﬁT@bﬁes'5
gas. The catalytic ?reparatlon ofﬁgﬁgrocarbons from 10 synthesis e.

sa mxture of car D iGRGIH VIddo W AT (G0 Adr STand' is

.conmonly referred to as Fischer-Tropsch synthesis. Catalysts suitable for

use in a Fischer- TTHBSE?e%éﬂ%hgﬁbénﬁieﬁe§é15!9&C@&'¥ GQBSnytasupport
scatalytically 15 active netal of up VIT1 of the Periodit Table of fhe

El enent s ( HandBo&KPEPTERENTFOMP HﬁéIPﬁ§§ﬁésCaBBlMSEdﬁﬂﬁoﬁ PEREMPPRESOL
1987-1988) suppget %ﬁp%r%eﬁebrr%bowI@X}ngﬁalsesba@ s@l u Qaln{réhéﬂbﬁ

zirconia, silica or nixtures of such oxid I'n pa tlcu?% iron,
ni ckel , cobal t adfe ﬁ@ﬂhéﬁﬁuﬁpapeoﬂeﬁﬁeﬁnﬁﬂm theab ep@aatyoac@fvbhﬂesané for

such oot al YSt Sgeberence iy dhe Bt b, ERud 3084 PR EPE | L8008 son
WO- 99/ 34917. Imeﬂheeﬁl$oherufeopﬁchhsyﬁuppsr5eda@ronpnﬁmylomhéalZS cheni cal
reactions, the g %BR@;E gabalys Lheachantssang,a Qhéuggég?kéggaﬁse”t’

in contact witf one nétﬁer usua%Plg?orn1a % ree phase syst
liquid and solbd.hSdmbcahbeespﬁasm systérsisnygabe operated for exanple, in

a packed-bed react g, 0,k0:13c3UpEpEYR En of nY&r82AEEERE £rom
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 synthesis.
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 EP-A-398420, EP-A-178008, EP-A-167215, EP-A-168894,
EP-A-363537, EP-A-498976, EP-A-71770 and W0O-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
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- 2 PCT/EPU 1 /07938 reactor. A packed-bed reactor may conprise a packed
bed of solid catalyst particles through which there is a fl ow of gaseous
and |iqui ovo esedsts. A slurry-bubble reactor ' may conpri BET/EPTATPI8NUOUS
phase of liquid with the solid 5 catal yst ?u§pended t herein and gaseous
reactants flow ng as bubbles through the ITquid. In all such operations it
is inportant that the supported catalyst is nechanically strong, so that
the catal yst phPafEPEs HePRACLPA-PRRi FEIPERYMAY TR theamteqd ded

operation. The,gt59198" cA1H81 40+ CBL AL YSTe S UPPOELHIOT SURRAL t st,
t he hi gher a c%talyst b%d na% beﬁin a ﬁgiked-bé% r%g%?Br or tﬁggfﬁﬁggéwthe

resi dence ti necbfgapeceatangsiigaidpecaataniss urk ysbupty douldaks oreadox her,

sthere is a confipu ' rest ks £ ndi cat al ysts,f in e
Fi'scher - Tropach Ly crTRERSE A EphBiaui Whdve ot BLIGL S L Ole She ol
i nproved sel ectavalyst nsubpendead et s¢ oainfandrporesmnoxeaetamto Fladwiald e
*hydr ocar bons, | { cul o] b nt-al nj e .carbon, at ons
("Co+ hydrocar%gngaﬁé%ggiﬁ% $é§§,E§%dPg%uH?hiﬁ¢s% ré?éﬁnéﬁgﬁ%ﬁ%%)scﬁﬁbon
di oxi de, whi chissimpcatéoh tbat athé nguiye preducsdtafysdbw v aherhart calen

negative value, |l n_accgrdan it h e. presenst. i nvention catalyst. supports
and catal ysts %Sﬁo%g’n% egﬁﬁfcﬁB%aS%P%%Y%% ?ﬁ&ﬁ%&ﬁ%f@ﬁ%QFﬂﬁQn/ frength,
whi | st the cat ahysgsiexhtbrough thereveirpespearaehae. i Thé het fForsgdertHe opsch
synthesjs as regards activity and selectivity. The invente rocess

ol v educt e Rat parepeYs GF B S iRE T ed Set ki 1Y dehS e 1
mlling a nm xtgaeadfst heedOmagfbacinry sappedibeddréaditdd sticthd hBéngegdough
i s obtai ned, adgixing,éhe dough mﬁ%h a further liquid to, obtain a slurry,
shapi ng and dr §PRgEERLIENGRr FImgnat e STt YRE dWIBR iHAIdy active neta
may be introdusedrip-Baybséageaetothe process or subsequently, as the netal

35 itself or as a precursor conpound. WO 02/ 059s8 - 3 PCT/ EPO1/ 07938
Catal ysts made in SREBRERNCERGFENLE h? SCORVERIPSh HabRFesE i Hpribading

performance oveathhgseat abystseWnhchhar ei saer byréphechies wodseHfs which
WO 99/ 34917. The nethods of WD 99/ 34917 i ncl ude shapi ng ‘a_dough w t hout

prior additionPBPVidet ARr IBPEPYEF 2 Eb YheY dRRGe! aHPSPRA e te gt Ly +{y

wi thout applying 8Rei B68GEREIL8hEoET 8RrI9n MhdhdRIdE LoMghya Anaisddi ti onal
beneficial effect of the invention is that the particles have a hlgher

density, so thBYIRBFRTBPNENeiBaPAFyAELLERR RRAEAPREYRRS | erREYIVERd r2aet or
volure. 10 A fMBEQeEaﬁﬁgﬁcéteﬁstmecgpvﬁﬁéfggafﬁoﬁgalhéf@inafter), and
20 minimise the formation of carbon dioxide, which is 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‘regards 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 ligquid 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.



i nproved catal yst properties can be obtained w thout the need of
introducing a further, i.e. different elenent into the support or the

cat al yst. wilndz09s8 advant ageous because the presence of sucPCHEPU/X7H¥r

el enment could 15 influence catal yst properjies unpredictably in an adverse
manner. Thus, the present invention providés a process for preparing a
catal yst support or a supported Goup VIII netal catalyst or a precursor of
t he supported G oudEptalyste made ieaetgrdancshwiH-Ipridues st e avy

exerting mechan g]g&pp&y@a G;g%%ﬁ?fﬂe%xgxé'é %mﬂéié&dﬁl&%g ai QY £ g gd a

first liquid to tain a adm xi ng t he with a second liquid
to obtain a slkyrghe aBethgdshapi Mo 2B 4IYT ngThdensthads oafP(H/34917

-cal ci ning, on Lp@lwéieéﬁ%@{ﬁng batn Mt@%ﬁwc}ﬁed&ﬁl Vd¢ fetdler

catal yst or a precursor e supported metal catalyst Is
prepar éd, a prekigusdrteonpeuwhougl, tdmed 3ohapioup &/141umnet afittrouthe Group VI |
‘metal itself is esent_as. an di.t L.ona in ste or step (b)
. The inventiO%Pég¥ipge?%t%%t?%g?%%éggp%%%??yfgﬁ?%%iéhuéxééééﬁt}oup VI |
nmet al catal yst andir cadidiet poeclrisene Bicidkbrebfemhich téhe nteitmadd eidby this
process. The WO 02/ OS9S8,. - 4 PCT/EPOL/ 07938 i nvention also relates to
t he use of thet%%Bpgé?eﬂaffbﬁbe@1??Vﬁeégél%%?%1§%?s+?yﬁ.??wék??ﬂﬁ%ﬁ? ot
chenical procesBe ta&tpByEt CthRrbé ocmp o pedssn f Orgpveducs gt diy dr@bandons,
whi ch process corrpriges contacti ng a.5 mxture of carbon nmongxi de and

n {hﬁﬁt

hydrodéh at el evatied™ fEMRT a2 TPeCandt pras st et a3 cat al yst

according to theprovedt tabalystt propeavtasi Ofin abs edbosimsd wixilteut stiwsed.
Exanpl es of suitable refractory oxides jnclude al um'][_:l 10 silJica, titanic,

zirconia or mi%eeH et HRFESRUCINEN® aEUEFRPEA- Tt fini Bh TP LY sT LS xt ur es

such as a m xt ke, 0fhsi biigforfdoti tRAI GatPIgsel ahys iHeadednesyosysoxi de
conprises titanic, zirconia or mxtures thereof, in particular the

refractory oxi@ecausq theaRresensesefofdrig?t BuBthpeefetBenentddtdent, the

refractpry oxi ﬂﬁff@gﬁeésa’:agalyganb%ﬂém@gi anPredidt ey iheigoiavaBye
further conprise up to 50 ow of another refractory oxide, typically silica

or alumna, ba3@@"®h-the total weight of the refractory oxide. Mre
preferably, the 20rRddit{RBabrE8ERBCATYNOXbACHrbTiEESENbro&OIPrESLS UP O

20 ow, even nore preferably up to 10 %, on the sane basis.
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



The refractory oxide nost preferably consists of titanic, in particular
titani c which has been prepared in 25 the absence of sul phur-containing
conpounds wa\m/exsaTpl e of such preparati on nmethod invol ves PCHEROIHYI8O!l ySi S
of titaniumtetrachloride. The titanic maygbe a rutile type titanic, but
preferably it conprises anatase type titanic. In 30 particular at |east

500, nore inp | cul | e % titanktc_JjS anatase type. Most
pref erabl vy, thgﬁ%%ﬁgﬁ?% ?ésgxgé%g?gé]§£a%£$a%%et?%e?hﬁ7ﬁ93%3$%% ory oxide
is preferably @roapeVial mhteh bhatabybhrie sutheee plizse diemiseal ace area

is typically 3 | east O, / suptably at least 10 n?/ especially
WO 0210;9; 8 _Sgg&ﬁ% E?:Blﬁ_’g’fg%%g%?ﬂ j&%s? é’éo?&?%,f%fﬂ%n&ég%rb%ci ally at
l east 35 nR/ g, hpdsedashoBE] shithcpraceasneaspr eseat Sowceotr thdqigato ASTM
D3663-92. Suitablg t he iurfage area i s at nasﬁ %00 nQ/%, gﬁgecially at nost
200 n2/Yy, on tHEXEYRE BAsFEIPENPRERRFAdfy2PfeNEdr?ace &F &7 @t9  the range
‘of from 40 n2/ gehpe280upB/ gndoprebeusaneibRsh Ssugperpadtest £1pize of the

refractory oxide is also not material ,to the invention and nay be sel ected
within wide raf§ESrdtsy ERahPFPelBEFBHA2"nm typically in the range of 10

fromO0.1 to 100 umgprehesabhyehfibhear 28gLaOfofy0bxPad 19 Sdun. Particle
sizes as specified in this patent docunent are i1nvariably the vol une

average particEg2uPAhfat efsshitabler APABACHYTVisPREIRS MAST ZRIM RO PLUS

instrunent 15 ginadgmaekeghi el ¥eEBohRSt bR Surdt Oehe Mobf £dsKinOgdom
usi ng the cal cul ati on pethod designated_"STHD' and supplied by Ml vern

Instruments Ltai}iceraluBiBei 8F PBYPECADaBLKEUres SWMFtd¥ ik Ewre hef

liquid as alregdy;pgresagat tEvaheh,i PrERErEXRPP! €8c ! reftadiey |dxPiesented 20
herei nafter) to achieve the prescribed optical density and ¥he particle

size is subseqBeMPFySAEaSuFanialt AEACIDigeebnBsFturRe thexeofi gid and the
second |iquid Ladependgpt LyeMBX ePe-Ob9aNbE1hi ik ds. ¢ Stgh a5 a | ower

n
al cohol, a lower 25 ketone, a |ower es?er, or a |lower ether, for exanple
et hanol® acetone, AechyfirghyP Repbhbersedyembedinert, dike efridioryr

tetrahydrofurag,;bo bBh3-Paian! (dPGHIEN! o1 ¥B6R; LNE: LRI fLy L OWRnol SapSed |

conjunction with an organic conpoun the term specifies t organic
conpound has amawpftrshgrcapBphnigeons, tPnSPakvi elll another rafbontatyns.

Txture of the Siaah S P ate and taters o iLEge s AR IR LR S 5o
ow of water anweligbt thabhh80refrattohg oxgdei cM@bel preferalbhgedtion t he
totaI:ﬂFight Ogd&ggighgyigefkgctory 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 is typically

35 at least 0.5 m2/g, suitably at least 10 mZ/g, especially



WD 02/059s8 - 6 PCT/EPO 1/07938 particul ar the aqueous liquids are water.
It is preferred that the first liquid and the second |iquid are of the sane
conposi ti eyp odxsss suitably, water is used as the first |igeiTERMA7EES t he
second liquid. 5 1In step (a) of the present process nechanical power is
exerted on the mixture to obtain a doughT The mechani cal power nmay be
exerted by nethods known to the skilled person, such as by kneadi ng or

mul 1ing. Suitable ragug2age bpde and a
10 rotating whgg l?hgggr gl?ruliﬁl g{; %}%l @a??ysﬁ%%féélrrg%h%?ic%% ﬁrﬂ?é&exerted

on the mi xturebfdedaopeBEEdsBf LaFenRECAi PRR VST LI hAFSOTGENG OFger, such
as up to 5 ho“%§TMbH§68§e§§ra§h¥t58iyat @ré&$kééefé §élﬁst£t9Qa§%nUtes-

.This step may be carried 15 out over road range of tenperatures,

preferably fronpd5meegQ0eEpeldsadlyestl oot 206 nPpyl of emergimé boHside
m xture, there will be_an jncrease of the tenperature. The solids content

of the!%ough aBrprepabPed FResPBPIRES #ER0tS mak el FaR9¢ Rt i iRt i on and
may be 20 selegbeﬂthprnlﬁbdﬁngnggﬁ tggpégﬁéG% %fg solids content is at

| east 60 ow, for ex int ange of from 0 90 ow, on the basis of
the total weight oThehpadbmghe Pmeéeoébtbethefs@¢tdﬁyO@miémtlssal$ptmm¢

range of from®65,t0. gne bas s._The so dids
Tocy

C e, 25 of a
m xture (dougthFegﬁa ryf 5 dePYﬁg “Ph ?sm% t 8%t > %%%t 1€gﬁ%t%+%$ned

as the wei ght efntbe,r ésrdegampilehbedowol med, at yet chkhy i ing th@ naxgereff or
2 hours at 600 C, whereby the heating may be preceded by drying at m | der
condi t3®ns i f @é@WrQbﬂet°3é0?hémpaPF?E?§a§1!el%ft?%er%%ﬂ¢dP ¥Tal present
in the dough |§ %y Sbl at nost 5 umfor exanple in the range of from
0.05 to 3 umpre "the range of from0.1 to 1 um The particle size
reduction which ocpur51a$easﬁeaslasoépefoié@glﬁhehﬁgq@@mé@ﬁJd¢wWﬁén65

during step (a) may Do gupnt’ Lhed By uhl®alatige OLatffore VR 22028 s
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
20 hereinafter) to achieve the prescribed optical density
and the particle size is subsequently measured within
30 seconds).
The first liquid and the second liquid 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” 1s used in conjunction
with an organic compound the term specifies that the
30 organic compound has at most six carbon atoms, in
particular four carbon atoms. More suitable first and
second liquids 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 liquid, based on the total weight of the liquid. In



PCT/ EPOL/ 07938 particle size at the end of step (a) over the particle size
at the start of step (a). This ratio is typically in the range of 0.02 to
0.5, in pagdmadsar in the range of from0.05 to 0.2. 5 Thee@uerrior9ss of
second liquid adm xed in step (b) is not material to the invention.
Suitably the quantity of second liquid is @t-1east 0.1 part by weight (pbw)
per pbw of the dough, and the quantity of second liquid is typically at
nost 60 pbw pgsa Py @fat hendosgle ol 1 ih R e wdthe: quantid ¥ fesacqnd
liquid is in the range of fromO0.5 to 20 pbw per pbw of the dou h in
particul ar frd%QQﬁt%hqofb%%Fp%¥q$kﬁv%ﬁdtﬁﬂ? | i piech Rt 19

quantity of |iguhd BEw081 SUGH. t@@éttmﬂ%ms »@é)dglemt Qfsécheas'3|ﬂfr{éy

-prepared in 15 step (b) is at nost 55 ow, for exaqgue in the range of from

1 to 45 ow,

sel ect
.step (c).

refhEsvel iguitieangdi yhtthy serond Ukiqui
in accordfﬁg&%t baf e %%@gﬁ:&&g%@cﬁﬁl&p@&@éf on in

For exanpl

itably the quantity is

en the shaping neth I'S sprayl ng, suc

appl i ed in a shs a@xelrw@gonp‘eln@tmmtuxdnet@cﬁbbi'ca;lrccmt@ugm-f e sl urry is

elative to AR euRRre BioetE el b b R BTN, R I b e

out by any 25 skulhé)diepamdmd Knmolwma s 0oy Nel@dr\dnlrtgacbzpemsb]mn@'.hdsmabb@

person wl |
and the secon

0B SELELE, LhRL prefer bl in A honmacriegus i J 4 o1 the, dpugh

tal ne ree o unps

Stirriitg by neamsabin@ viaee |l mixebtmel len. anchor stirrer or a marine 30

i npel | er
sui tabl e,

T par 1 b T ke B QiR R S s R ea

out over a br o;aﬂxt@ﬂgef@f & eppet ad us £sfram eF enablted rioon A5hdwurd0 & Any
sui t abl e shapi and dr ng_net hods be 3 pl i i te c). For
exanpl e, the sfg?9§rn3§ NGRS tov%?%%36§9§§gg ﬁ%ﬁ%ﬁi¥%ﬁ§%?%38 to form
a cake and CrU;SJSlﬁﬂonSfl AgomByS beo ed b aai e &d . arh_eé e6d18 tnd £ e &4 £ Bed f OF
exanpl e above 30

The p

20

25

30

35

referably up to 500 C, nore referabl to_ 300 C
0 00t ook BT @ PEoRS af RY98 O oE SO o Pt o e AR yErom

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
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 soclids content
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.

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 um, 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

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



5 from15 mnutes to 3 hours. Preferably, shaping and drying is carried out
in a single operation, for exanple by spray-drying. It is preferred to

i ncl ude owe) @rosvagre fl ow i nproving agents and/ or extrusi orPGI/ER1/OpESHL | Si ng
agents and 10 burn-out materials in the sIaJrry prior to extrusion. Such
additives and their use are known in the art, cf. for exanple WO 99/ 34917.
Very suitable peptising agents for use in th| s invention are weak acids, in
particul ar acirdsrthiawlmgsjazml@t ofhatend g Tepuialasivemtthpqagicls

ferably i f t {
preferably in g car boxgr[ﬁ}lqé) stoard'ir.s &f%téffﬂ‘e(h)”eai%ﬁseq:dﬂé"’alsert form?y fYpre

in particular, C acl are i nterest, for exanpl aci d,
acetic acid, dite |Ioarw¢ o f oXxal2 ctadd b arih malplm]oalaclrrd thrheragtepert and
-dried conposi tfloé]? §t@<p §c) is 20 calcined in step (d). Calcination is
effected at el errperature preferably at a tenperature between 400
and 756 C, nore prﬁi@r@mrytﬁeyv@rsmcanbﬁcﬁﬁm Gdrireediuirratstwap ofb)t hies
.cal cination is t% |caII rom mnutes to. s eral eferablé/ffrom

ho S &I
15 minutes to Hhdl §Er?tta n\feﬁntlcoa Ci anbnhfs r& rcﬁfand:lttﬁ
oxygen- cont ai nsr;é@radi eriS@lilEdiels mrefbezaé)ttyOai rpaﬂtf m}e&veﬁghttr;ﬂovdrypeng of
step (c) and the calcjnation may onbi ne be recr ted t hat
the most pref e E/h%fd%‘ég}é’ar?’i‘ﬁ? @"%Lﬂu‘?ﬁrh tp\r %%‘ﬁ&&r ependi ng
e.g. on the desypeshBlgeatinfoshape shw ther qﬁmldﬁttmrdcb@dﬂes Fdi bel ongs to
the skill of the skjlled person o select t 5 npst, urtable rrethod for_a

givenidet of cF¥FEEantls IPTERi Penet®d LRHPAPIYsgthe grange of
PCT/ EPOL/ 07938 Psef @r abty, 20 hpb\ﬁ-alﬁ@i* yESka i Sf ol deegh N ihepd Brimofa @

powder, in which case spray-drying is referred nmet hod for application in
step (c). The PEPRi tI€0si2ePf bhe B bt fMH after 5 shaping, drying

and calcining is typi€gbhdehfl{hetiang@ant Py féom Syiy usm pedierably in
the range of from 10 to 100 Vim It is advant eous to enpl oy, the catal yst

in the form oftRaehthe psobibds | port e Eathrobesky ierpazed |t ry regi e,

for exanpl e Inseeal%ryleuéelﬁoéeaséoﬂgw, 16, Al L g5t & Ven shipesage pel | ets,
saddl es and cylinders, which may be suitable for use in a chemcal process

under a fixed-Beemrbghaed5tor, ekahpttventa phekeeided ¢Ectlr . shersy.

preferably, the,catglyStnSqQRLAE AL 8Ss@u buipy {Wt§é&é‘£d%é@%t@ Vg |
defined 15 shape. A supported catalyst or a precursor thereof nmay be made

whi ch cont ai nsshaphndl Hetbad| jebetise her atPplicapieeuisofted {®e. For
catalytically agth ﬁeﬁe&rQEn Eﬂs SRLBI NG T R Y4 AL | ¥5r ﬁt%_,r'§u(§h Goup VI

nmetal, as in 20 ma chem cal reactions, such as Flsc opsch synt hesi s
and hﬁﬂrogena applled in a spray-drying operation, the SOlldS 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 ligquid 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



For use in the Fischer-Tropsch synthesis it is preferred that the G oup
VIIl metal is selected from25 iron, nickel, cobalt and ruthenium More
pref er abl wo emzedst or rutheniumis selected as the G oup \RAWERBIZI3E
because cobalt based catal ysts and rut he_ni8urp based catal ysts give a
relatively high yield of C5+ hydrocarbons.” Most preferably, cobalt is
selected as 30 the G oup VIIl netal. A further netal nmay be present in

order to inprdve fNE 1534 2 aShag-alBrsting mave beeleddEakedy asf aphe
conversi on of Syfdesd St dfsed M PrdlY HACAL0MTe IdAP!H four t ggr L3S, My

be selected from man anese, vanadium zirconium r henlourn scC ium
02/ 0S9S8 - 10 upPCl 1/D7 98B ke figtanivuar Apr3dfleriCed Ther Piggriofet al is

-manganese or V@J@%%r}g%rﬁ§a€§ﬂfﬂ y TBNgaNes &,quhhe Wﬁpr%ffe%%)}g oup

VIIl metal present he supported netal catalyst may vary w
Typi cabl y, thef®mubporinetes dip dqunmt al catal yst conprises from1l * to

.50 ow of the G ou tal, .l particul ; t t Iy sed in

the Fi scher-Trops%]}és%/%ﬁﬁls‘?’s,s%%%l@ o&lr{%jﬁg[ryﬁev%ggs 2&%15%5%3%§Epl®| I%l nmet al

relative to theinglghtpefasupporfed cramplev/idyt spptaat-doatialgrst, preferably
o )

10 3 to 40 ow morg. preferably, & o, 3G Huon Lhe sage hasis,, 1

he .a nt of
the further netal ,”"Tf present, is typically from \I/Ivl%rr?oqrﬁglg

typically fromderdtd ca2d/ 84y, ebasesi amn 4iks weegptt1 0ifnd heeydnird levd net al
relatiye to the weight of su rted oup VI11 metal catalyst. The atgm c
15 ratlo of HetTotet VITTSHERE £b T TIRTHedTeal O A IR (S The
catal yst, is typdtiedves adnd eiséi b dsardrd tkricgerd Vipl aald yaat, rast £200: 1. The
supported G oup VI st..nmay suitahly be prepared by net hods
om0t he. sErtTete o 2er ShEH T VO, Sttty e s BR Gt Tor

catal ytical ly @€éi e €RIPONSHESE Dén HIBE Ui Sad ey eafn aadulgd heMds
present as an addjtional_conponent in s(ﬁ/ep rmrer%%referably al r eady

b
in step (a). AFEEI R FEF rel 3F 13k i e Si‘é“%arﬁy t3te Qi8tically active

conponegnts or PrecerSele Mmytihe 2ngenosic &l ent®, tireers upRohiraf tiey the
calcination of step (d),_ The term"catalytjcally active conponents”
i ncl udes any cEeytitaf?y act¥ee Mt 251 L3he WRAFKAYT aftd ahfd any

further netal,ofsiRFEesest, | fot hexSHPROTtSehietati catalastc aldigy,termal so
i ncl udes 30 precursor conpounds, of the catalytically active netal. It is

not excluded tFRELIFREHAI tPHR 1D 2RET RRAIBAIREINL R%3de conponents and

the support, the sppPOskedidd SAL& VSISO Ses Jurdiyy ampanents.
Suitabl e catalytically active conponents include 35 salts of the

catal Y0 cal | y @RtFiRedeinlsStepchdhs 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 is 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

reguirements.



WO 02/ 0598 PCT/ EPOL/ 07938 - 11 nitrates, carbonates and acet at es,

hydr oxi des and oxi des of the catalytically active netal, and the

cat al yti celd gp/0aedsi ve nmetal itself. The catal ytically acti \CTERPOABAt S may
or may not be soluble in the first or secapd-liquid, 5 or they may be
partially soluble in the first or second liquid. If the catal yticaIIy

active conponents or pre sor are intrqduced.to the s rt fter
cal cination of st e%r?%Fg%u%Yﬂ/e § Q':nolc'r‘:’s rPaVlﬂ’eedaplﬂppcg}?
conventi onal nedldds, | tivohivech f odsexspaH e;dpriac pid af |p1gaﬁehecematn&lendccal |y

active conponepts or ﬁrecursors onto tge support; spray-coating, kneading
and/ or i mpr egna?¥ ngPRHECREI AR v ¥R HTtive conponents or precursors onto

.the support; and/ orh&xpa el @he ﬁ:ﬂﬁzé)roﬂwrﬁa qadved et idmialmekﬁ addwe
conpon nts OI‘ [ecur sor ether w Su ort materl to prepare
S SRR St RS A LIRS AR o Ews«iﬂ%b%ot oRAPA | |
-metal catal ySt fsfPéﬁm'SmmESgé'@é'ﬂQ QP4 O d 18, GRt Al yt%’ie rllerom 10

catalytically actTve conponent s or 20 precursors as aqu ous sol'uti ons.

case a cobalt gsdipanganese _{;@rﬁ@ra{m{tggécu&p%d esheiad Al ot datd1o/ e in
prepar ed, nost ref erablg a highly concentrated solution is enployed. A

sui t abl e met hotl @ofarmm SHCh 12 PAVERR BNt T LRRNEA LRIAFSSS tWdRE &

m xture of nol Efﬁrﬁg £RhE, nf&faé;@axﬁ’ﬁ'ﬂe r@p%@ﬁ@rﬂiﬁﬁﬁé%é&t@e
i npregnation treat is typically followed by dryi ng optionally,

cal ci ni%hg. For dryl\h’geéﬂ@ltt‘éf?cﬁifrlﬁ?@st%/{ﬁ g lirtise Gtﬂ)rﬂﬂc’u ons may be
appl i ed as desgpy PﬁgePgrehHPgﬂ%ﬁy B0 DWW O AGr 1,05 @ 43 Oéhérrag ippor t ed

G oup VIII rreta catalyst of this invention, as indi cated ereln ore, the
supported Gouprwe:aswen@\ercat flyed-hey pegimed for cexmg/lsﬁe Janpaocess for

the preparatio \ C f Xi aad. . . WO
02/ 0958 PCTI EP@?L?%?B3§£8 ?épe%pl%g%?{% us%??n at process at

| east part of oheatnedpa¥l &l lumpwl ma‘sepxesemtmwtts W@lhld@f‘l@@@.t e.
Therefore, it EﬁaBQr. mal | y advant ageous to activate

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 VIII metal,
because cobalt based catalysts and ruthenium based
catalysts give a relatively high yield of

Cy+ 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



the supported Goup VIII nmetal catalyst prior to use by a 5 reduction, in
the presence of hydrogen at elevated ' tenperature. Typically, the

reducti onW@o203988& treating the catalyst at a tenperature PATERR/G7a¥ge from
100 to 450 C, at elevated pressure, typicaldy from1l to 200 bar abs,
frequently for 1 to 200 hours. Pure 10 hydrogen nay be used in the

reduction, but ié is sually grefe red tofaﬁgh% n{ ure of h dro%en and
an inert gas, PPReTHF ?Bbgﬂ hBT? Fﬁf?ge E t Bf ﬂ%d?%g%ﬂn% BEBNt°fn the
m xture nay raﬁgﬁabEHMEemnOpiraMdulQB asngdeeseding to a preferred

enmbodi nrent of the reduction i

he cataly IS brought to the desired
t enperature and prEEEu?@OF%§e? ﬁhﬁ F?PBg@ilﬁaEegfﬂngﬁﬁ%?%t ibstyuent Iy,
the catal yst lSuppakaéaeﬁewenhcatgaysﬂ1mayreaﬁpn&@ﬁélpg oypycal sypl thanount

of hydrogen gas, the res beln nitrogen gas. ing the reduction,,the 20
relative anDunFu8P°ﬁ§8§ éﬁﬂuaa TiEh Fﬁg 3 %Yﬁ%e $§p§+%ﬁﬁa£F9m hcr eased

'up to 50 % ortgven %Qoo?wthétGHBMprImEeﬁQEQEﬂ in psttyaheakhehsnperet ed
Goup VIl netal catalyst in-situ, that is inside the reactor for

t he
preparation of CAYALYERr BEnYsSeRomN2Ehey i RERPE - GEIPSEDr SERBIPFES/ V@ﬁ@?ﬁl?lB?

describes an ippSthH Qé&@h!sbfaﬁhbvékbgﬁ 9E@§eﬁét$@'EQlQQﬂPE'%@StHQ”taCt'ng
the catalyst in the presénce of hydrocarbon liquid with a

hydr ogen- cont aFaiggtgas aﬂpﬁoﬁyéﬂogéﬁuﬁaViﬁélmEFé%sG@Eabysbt peaserabliar
abs., pjeferabhky gt 4805],eagh 20, QQEeﬁQElg BOL§ Ebeifréﬁl¥h@ts£ﬁésba§9sbar

abs. Typlcally, In thls process t partial pressure is at nost
200 bar abs. THeepaweuss P@rtbﬁefprébaramﬁbﬁloflﬁyﬁr@@@nbonssftﬁﬁisyhﬁhe5|s

Yo 350 C prof Srah o Proari /6 *fp BORBLGH CThy BEbMEL 89038 157275 ¢
The pressure |bas?g|caltyeiwengétraﬁg§h@ffﬂrbhe5 metabOredatabe. fo the

pref erably frogkgghg 8@ Qﬁégé?ﬁed QoB 5&3? ﬁétéiogg§ai§F§0 Pgétgggﬁ%c

Hydr ogen and carbon "nbnoxi synt hesrs gas typrcafTy fe
proceskbat a nmbanorainhentheerEQé frebpl0td tbe2fBrthew hytadbgeast o

car bon nnnoxldgrg%eg% Latigs akg%yF%re fﬁ&??cg§fysg£if%ié£tg ?boﬁg i%o

catal ysts, i.e & Selécti Vi i'0n~0 rocar

However, in th&senypdcaémy at mbetlﬁoénﬂuon in which the C}oup VI rmetal
is cobalt and the rther n S /a iy whi.ch are
present in an aton& rﬁPPBOS eéoEﬁPPP(ﬁiﬁgaﬂsgég Bﬁgﬁ? e fsﬁfgﬁgi¥t

12:1, the C5+ bel peepeired bl meéhodsakystni sor ehar kablyedi ghrson.

20 It is 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



15 even when using synthesis gas having a high hydrogen to carbon nonoxi de
atomc ratio. In this enbodi nent the hydrogen to carbon nonoxi de nol ar
rati o i n wioeznaesge of from1.5 to 2.5 may be used. The gaddIHERIINTEPace
velocity ("GHSV' hereinafter) 20 may vary within w de ranges and is
typically in the range from400 to 10000 M/4/h, for exanple from 400 to
4000 N1/1/h. The term"GHSV" is well known in the art, and relates to the

gas per hour spanetesd,ocddnbonates tadiel \wabareaf, Aydywiiles sargasxinasl
(i.e. at the st ard te rature of 0 C and the standard pressure _af 1 bar
(100000 Pay) UIEE | O AT ShIH A Fna T (A AR st
particles, i.ectexad uhtgl idasrPartie WataMaiitaspacest ive dwepmasanty a
.fi xed bed cat alg/st, the GHSV is usu Ile%/ 30 expressed as per |jtre of

catal yst bed, %% % fdXdiHy k?%t%?l-"%él]r i VdiF s PR £eIMG HdidWisbe a

GHSV of 1600 Ny MHHewmLatsd wsdridiad 11| 251 000d espamds figsabad sEhdN / 1/ h
.on catal yst bed. The process for the preparation of hydrocarbons nay 35 be
conduct ed usi rﬂgwél%'ri ety of reactor types and WO 02/ 0s9S8 - 14 PCT/ EPO1

/07938 reaction reg MBfe dffaBXaigdel @ ddeiad RefgRGNT & Jrddukddiase
regime or an ebulliating bed reginme. It will be appreciated that the size

of the catal ysTSamixq %yt‘?/%*}ﬁ gt g fdien ide eadidigrtiasn & t hey
are 5 intended;f gy . (dy, helongse {ohdhensd _dsi fay N ]fa‘éﬂrﬂl'i"éb.' RRSSon to

sel ect the nost appropriate catalyst particle size a given reaction
regi md0 Furt heronvaniyjonabeaneiitiedstiooh vttt fdie sstannled paresuiplitatcddmabl e
to select the to APPT i candi td j £

configuration, t e reacti oénﬁf%ljé)n% and %d%%ﬁs ?c]ﬁgne.é"kgsr&gsi?np Oe, t he
preferred gas Hourdupppete spfatiege g deépeadinmmndren vigw nsfanadaidtd on

regine that s el ip 2ppLi e 1 )i 4d ddnddhdif] 10 dﬁx%&&%fcﬁ#se s

ydr ocarbon synthesi s process wth a tixe ed regine, preferably the

gas hourly spades wlprdtly: i sndhos e trndirey raregef memes Gt ttagl 506 INIY 1/ h.

phase LPegi me, 51 o1 aBTOeTe Bac h ot To e S R Rt R 20"

range from 150atexri/H00cNIpidpare texisradaaes i cul ar aspect of the invention

that the A conventional method of preparing the supported

Group VIII metal catalyst is by impregnating onto the

catalyst support the catalytically active components or

20 precursors as agqueous 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.



catal yst support and the supported Goup VIII netal catalyst have an

i ncreased strength. Therefore, when in a chem cal process a fixed bed
regi me i swapgiosed the 25 catal yst bed can have nore hei ghtPCIEPOMZIB8aN
slurry phase or an ebulliating bed regine,i,s_applied there is |ess
attrition of catalyst particles. less attrition may | ead, advantageously,

to a | onger perm ssible residence tine of the supported catalyst in the
reactor, and/ ofYR¥FZBLY hewh@Rslt oidutIdlAt RIREEshat thfdsE Rpyteaf

formation of fimescidgsevittimdeal ess ghangait tihati fd e Rarticlasnod !l pass
the filter in a filtration step for renoval of catalyst particles. It is
preferred to use tHEeBREDER 1 bt net Aol Y adntagepusientdcdd viate slurry

-phase 35 regi nene Vb2 LPIEBoap Lor 1 PEIENO AZII&ThE dJwan) i wlAanOW

be illustrated further by neans of the follow ng anpl es. Exanple |
dough Was prepee@chiomdni i Hye apge kereerli o hyfzewerk dadiigy ratus 120

.parts by weig [pé)ilxg ' jal | val e 1 itani voel,{({Rap ex.
Degussa, BET 2%?{? ace %‘?%%’ S%W%f%%ST%‘&%%%@%%%& plargﬁ 131%09 zeat(7uﬁ?5ﬂ , 50
pbw of conmer cilad | gattehystbie Totarherpowekerin gdre ivdngesitaom 1y 5.3 pbw

of MN(AC) 2. 4120, 104" A" Jeange gEeL At e SALUD! &I JLST )e A SO PO of

wat er. The kneadi ng was’ continued un e Size of the solids was
2 um Water (6500pbdf) mas adsedftequdmt bpubbr ahdd HD WdughysvatBrran xt ure was
honogenj sed by. ans of a twurbi stirrer, forma,slurry.. The 1

parti gl{ble si ze Mngjf%%e%orf‘?%sg%r%g%%tlril ntl%%erés lhcftrlyonv(/asbuutnc ea/tr‘ilgsedl.sﬁaglel%l urry
was sprayed- drpedféhredgho anpplpna zeixtdhe ofshydrioyprpaird dresivere
calcined in air_for. 1 hour

at 600 C. The, particle size of the resulting
powder was 30 Y7 lTh]éec%PéF%?npr@&%r’é%}&sjov%bﬂné‘?%td ?%grosqﬁf} ected to
various tests.piéseparinctiedebhsttye wasy f oamnge tisetwech 3B Y/add e S¢rength
of the particles S tested subjecting.a slurry containing 5 % of the
particles in wat e\rlﬁf%oﬁ‘sjg%gsﬁga? ?%?ﬁ%%r%%r?rﬁbocgdxﬁﬂtmﬁﬁst%%&%%' 25 a
hi gh- speed mi xghe 0PLEALY8E 86 BbOuGR td hehé edger sddireergle fdursd WHY i S
mai ntai ned at 20 C. The_size of the fresh particles and of the particles

after the sheaPT®felffelfVRdsiHedstiEHCIFR RS FTMRPASER - t he shear
treat nent appl §g8s@gnibngliyhethestabaty sausedeéntdt384 dectieasegd4 t he

particle Size'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
gradually 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
liguid 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



The catal yst precursor was reduced and tested in a process for the
preparation of hydrocarbons. A mcro-flow reactor containing 10 m of the
particl eswonzofssf orm of a fixed bed was heated to a tenp@CAERPEHIEES 260 C,
and WD 02105958 - 16 PCT/EP01J07938 pregsurised with a continuous flow
of nitrogen gas to a pressure of 2 bar abs. The catalyst precursor was

reduced in- S|tu f 24, h S Wth a m,xt re of trog and h g as.
Duri ng reductléhztﬁe ?élggﬁv8r§ﬁ8HﬁF of Yﬁ§8?63§ann%BﬁerﬁP9 ng %é?g
gradual | y i ncrseased sfor a0 dbs tOpl@@e%ﬁbl"i]hirmt 6r teopoebht-abben, i Ant he
of f-gas was kept hel 3000 oW ng reduction the pressure was

i ncreased to FRHEC . @nggﬁhﬁ§t 6t 8PShydrocar bons was 10 carried out
With a mxture of Hmad:ro@@e)n aad ceabbanmepbaxyde (8ynahbdie0grali esof 1.1:1.
The GHSV anpunted tq 7700 NI/ 1/h. The reaction tenperature, expressed as

the wePght ed AVELEGd Wed S rhserdieuPE OCREs 2§23Cm°+ﬁ§ Ep&de ftPnEhei el d,

.expressed as Grae BHHPAIDAH @r@du%bwpﬁﬁzd%égbht £8 eakdbyishoRakiel es
(including the voids between the particles) per hour; the selectivity of

net hane, expr @$¥ed iGRUAR &iddt Hawe SSEaithed CrSé'I seileetiyithe ohubber of

nol es CO converte nd t.he sel ecti vit ydr.ocarb ntaining 5 or
nore carbon atéﬁfﬂé'% CSﬂ'seIE@P éﬁ é% lﬁyeggegﬁgsggiwgg i Sgrcentage of
t he total hydKQQaMyurqmarhﬂﬂs.were deternlned after 40 hours of operation.
The results are set out in Table I. nple Il %corrparatlve) 25 Exanple |
was séBstantially H%ﬁ?é’@tl%d iputthe teﬁlbplfi‘émiﬂﬁ:f efeibes InNghtiPn dRevwhdght ity
of water pres abLgvg v o g Qopliie Sakaky tf'u%Fl%ql fatanas 620
pbw, instead o Consequent | l'urry was direct tal ne

i nstead of a wrw@;mse wiiebo e mad gy wlm @geapm@|s|enm in @t iatomtie
particle size wgs 2 J¥ Moy (@/én%‘f{ﬁist ea%“grf W@%@E%h}oBfo‘:athi%%%arﬂ%o'ls the

reaction tenperature was he particle size 6éf the
powder after tie Cgicisetdani 85 was 3heu qanta'ltry@tparSt refre rdeerd ivt Y2iwhs f ound
to be WO 021 05958 17 PCT1EPQ1/ Q7938 | g/m . An_ 800 decrease in the
parti ¢Pe size SN CHIREATING RYERESL S 9@t l?é‘t‘(tlnlgeﬁ higlh twgrogesultcs are

carbon monoxide atomic ratio. In this embodiment the
hydrogen to carbon monoxide molar ratio in the range of
from 1.5 to 2.5 may be used.
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, i.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



set out in Table |I. TABLE | Exanplelll *)Space tinme yield

(g/1.h)1130510Sel ectivity nethane (onol e)4.821. 0C5+ selectivity

(ow) 90. 18wy oZn)sessConpar ati ve Exanple |1 T (conparative) 5 APCHERHYS938
precursor was prepared as set out in Examgle_| but with the difference that
t he dough prepared as in Exanple | was extruded to obtain an extrudate,

whi ch extrudate was, subsequently dried, calcined (as in Exanmple |I) and

mlled to a paFedctEoR| seIGRCSE {p SHTRIR t2at 379 dRA P FHI®r 20 the

dough to obtai g @rs|Uphise SPEGYmET ¥i NGn adsh: TR £t h PObed Necpafid | Ce wensi ty
was found to be 2.14 g/m . An 830 decrease in the volunme wei ghted average
particle di amePerenascehated FhetnehenehretobathentatakyseRereC4%S out as

in Example |. hiyWhlybgeporaeshabgdrhbatedfr Vol pSiRSPEGLS 4Re catal yst
of Exanple |, i.e. according to the invention, is nuch better than the
catal ysts of Ekahprdsd| foandIFireleongs tpetonphihti ok Eaeapkisiked The

finvention provhdesod 20 sLIeBECEnEanaky kot sel abyed1 b oBabasc e hi gher

density. Using the catalyst according to e invention, t hydr ocar bon
production rat@ize Apghergldgpnhseantite FewuPeeature was | ower. The

hydr ocar bon prOd“CF%QQhéQEei£5“£%9h§%e@§% g@é@&y@ﬂ?%e%ggtsfo'édand on a

catal yst 25 vol une basis. Furt ectivity ydr ocar bons
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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 range 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 invention in a slurry phase

35 regime.



CLAI MSPCT/EPOt 107938 1. A process for preparing a catalyst support
or a supported Goup VIIlI netal catalyst or a precursor of the supported
G oup VI I wowgesbsscat al yst, which process conprises 5 (a) SHEWERNHTIIS
mechani cal power on a m xture conprising 34 refractory oxide and a first
liquid to obtain a dough, (b) adm xing the dough with a second liquid to

obtain a slurry, é shapln and drying the slurry, and 10 (d) cal cining,
on the understandih eth'&’t’en fon ¥ o‘i‘?‘écp@}blulpuﬁﬁﬁt%t%%r%%l}?%t or a

precursor of thess4ppertgd EHouUBWVLG I E 1e§atalyst is prepared, a
precursor conpound of the G oup VII neta or the Goup VIIl netal itself

is 15 present B%2@Bl8dditional conponent in step (a) or step (b) . 2. A

process as clai medpi BoGhRi fud pEQﬁé@&&eﬁyséﬁhiihﬁéﬁﬁn&r%hééﬁi@§tPHYa0X'de
conprises titania. 3. A'process as_clained in claim1l or 2, characterised

20 in that thekReadingi gpparahdst hélseashd Py quedoltfe(mawkrof4. A process
-as claimed in éBMmQEcEE%i?ﬁa%a%ia?bér€9E55i§eﬂo%&e£h@%%5h&xsoﬁ Gsssant ent

of the dough as prepare Is1n ran from65 to 90 o,
preferably in BRE sun@@cgfar¢@n5@5m26985A5%M BACEPe9bhsiBarEioiet he t ot al
wei ght of the dou

charactﬁrlsed Fﬁthgt“?he 8 S 9§S?8%§%g§gairﬁun%ioi%ﬁ#s ! é%f%tﬁp (b)
2
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02105988 - 20 (R Lgﬁg%ﬁg7gégtgt A QB?SE?% ?ﬁeﬁ%g%gg L8 ?@ graim 1-5,

characterised |n e partic P& §7ze"06 ory oxi de applled in
step (a) is inwhherrafije ghetiddmyOwdst oodbOnded, upteletadl parnithe sange of
from0.5to 50 Vim 5 7, A process as clained in any of clains 1-6,

characteri sed Ph Fﬁﬁtspﬁéd?aW?é 8f“@heW®5?¥|&§%OsP9% ofas reAgRed tFe | Bae

present at thed@ﬁ@hoénat%He(ébugﬁ?%akgg £§§£h9é9w§bZﬁoﬁ&géﬂfs@&rﬁ cles
present at the start of step (a) Is typically in the range of 0.02 to 0.5,

in 10 particul @eans ehear 4Hgelse ﬁ?éﬁr@r%t@ofgr@ agslprpyecBss as clai ned
in anyof clai r%1Z1eCE§EeCB?r tﬁsdsbﬂlagaﬁéré%ﬂt(ﬁ g Sf@f?‘%l #Ly¥ing

process. 9. A process for producing a su rted Grou cat al yst
or a precursoruBkEhBRgesupport € uGrMuEaVIﬁprﬁﬁﬁ I5egatrafFgeenbynappl yi ng
thehgeduppbet 6d grdrg @ thr hp | yi
the process as_¢ di n Lal Q Up di ng at a
precur sor conpguh%&gg gh%r%ﬁgﬁbf bgé S% ?h%gg? QEQ?#?& iy ?EP
for 1 hour at 600 °C. The partlcle size of the resultlng

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 catalyst 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



itself is present as an additional conmponent in step (a). 10. A process for
produci ng a supported Goup VIII nmetal 20 catal yst or a precursor of the
supportedw@ aazeddl 1 | netal catal yst, characterised in thatPGI/prE®GISor
conpound of the Group VIII netal or the_Gqgqup VIII netal itself is
deposited on a catal yst support which is prepared according to a process as

claimed in any of clains 25 11. A catalyst s ort or support ed
Goup W11 morateasyalPee whth R, auir sichs T SbRE trares st B 1= et

cat al yst whi chptésebtail 8abd epdy @ pr omeésCamSaw@& gk dulr S5 W2e fduded s
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suppor t ed Groug WiUnkes 24 Ay W hkh @ Mk HogeTy ket eri sed
in that the GRYgrYhéh §BSal Dhsic®bLeductBon Al PROTA ey G Ardund I1df met al
catal yst as clal med in claim1ll or 12, characterjsed in that the Group VI

35 metal is prB¥@RPIER LBabRepRIXFYCe waktradeatby Mncregserd / eysd -Sv1
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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 I.

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 um. The particle density was found to be
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Example I but with the dlfference 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 IIT,
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
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refractory oxide and a first liquid to obtain a dough,
(b) admixing the dough with a second liquid to obtain a
slurry,
(c) shaping and drying the slurry, and
10 (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
Group VIII metal or the Group VIII metal itself is
15 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
20 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) is in the range of from 65 to 90 %w,
preferably in the ranée of from 65 to 85 %w, on the basis
25 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
30 particular from 1 to 10 pbw per pbw of the dough.
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itself is present as an additional component in step (a).
10. A process for producing a supported Group VIII metal

20 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.

25 11. A catalyst support or a supported Group VIII metal
catalyst or a precursor of the supported Group VIII metal
catalyst which is obtainable by a process as claimed in
any one of claims 1-10.
12. A supported Group VIII metal catalyst or a precursor

30 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

35 metal is present at least partly in metallic form.



109%Z&' ()- 10%& ()-T"&10%Z&' ()-L10%Z& ()- 10%Z& ()-6u>u@FuCGu ueui ukL-=1ML0
%WE& ()-1MLO%Z&' () - IMLO%Z&' () -' KLIMLO%Z&' () - IMLOYZ&' () - IMLO%&Z&' () - i uj uuuuuuu
| R3=1MLOY®R0 (/0088 0%Z& () - ' KLIMLOYZ&' () - IMLOYZ&' () - IMLOYZ &P CTAEPKImTaasuuu| vhG
3=1MLO%Z S&$10% ' . & ()-z S&$10% :)& ()-z

y@aow & ()-1IMO0%& ()-' kL1IMLO%Z&' () - | vv@mﬁ/}yr[ 3= =("10% & ()-f

1("210% & ()-f (' 109%14& ()-f 1 (#109%R& ()- n<#10% & () -

d#10% & ()-yZz[lz\ z%%zzzz%%/m tz#lO%)#O&', -f S10%#& ()- YP9& 10% & ()-m

081 10% #* & ()L hLdERRRRB (LB IICHE fydragagsnam Wigdr e qess
MLOY&' &&' () - LI&BSaBoRi8sd 9 - dEMHILALOH LD W& ure of carbon monoxide and
zZ#10%CM C& ()-thJAl%;grl}} ~t¥ [:vU4  VI$10% & ()-g 9%10%&& () -9 & 10%&v& () -f
& 10%& && ()-f > Y e lgvabrm g eppgnatureyfrd \nepsgurq WOERE () - g
6" (109 ()-9 lsudddPbed (Ardup WEDANERA ( % && L dnied

9$1008H#&& () - gdvlﬁ%_;(?%o/&' && ()2 3"91&%%&"%%@1%%%% &é‘@“l}%l?’“ed mn

© 1098 && () - 10"HPHB 1P (106 & ()-g0|[:vU4 1098 && ()- ZP3$10%hM9&' () -
VP3$10% & ()- L3$10%8& ()- &10%'"& ()- y.&L0%RBL ()-1 ~~|[:vW4

5108 ' 1 & ()-@F. M 10% "' | & ()- F.M10%' 1& ()- dBK"$10%&' ()-N

VK"$10%&R&' ()-N K'$10%&' &&' ()-N)*+, 8?NvW4  10% & ()- | "L10% & () -

TL10% & ()- 910% & ()-10%$10$10% 5&10%B& () - @ NU4A  10% & ()- | "L10% & () -
TLI0O% & ()- 910% & ()-10 "H '109% F& ()-1 H'10% k& & ()-1 Nornal"

"Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c"
"Headi ng 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default

Par agr aph Font 1Q#* 28?GNmA cj g\ w~+/ V$51 ?NHWMgXf nxz?/ [\ ]~ _"abcdefg 70K|

Flot &), G .1356x9<=GAB_DGIKNQR* Ul XSYP\ * _bef

hj nor t 6ui uu| vy2{ 8| ~d/ hi j kl mopqgr st uvwxyz{| } ~6Ti mes New RomanAri al Couri er
New'h Root EntryWrdDocunment RW " #3$%& ()*+, -./0123456789: ;

<=>? @GABCDEFGHI JKLMNOPQRSTUVWWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~



