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W@R00HHE 4BINVENTI ON The present

WD 2004/ 041430 PCT/ EP2003/ 050786 ELONGATED SHAPED
PARTI CLE; USE AS A CATALYST OR SUPPORT THEREFCR FI ELD

new cl ass of el ongated shaped particles, which
particles may be enployed in a wi de variety of

duties, catalytic or non 5 catalytic. The shaped
particles of the invention are very useful as
carriers for catalyst or catalyst precursors, which
are used in mass-transfer or diffusion limted
reactions, such as the Fischer-Tropsch hydrocarbon
synthesis 10 process. The invention further relates to
ESONAIraD YSHheey paRBicAEY ISEPAS QU ESTHLY SMURC Burcakal HERE@mR
catal yst precursor is supported on a specifically
shaped carrier, to a process to prepare a catal yst or
catal yst precursor from 15 a shapeabl e dough and to
pqhgodnenganamm@Qdeor the preparation of an extruded
catﬁ%¥st or catalg precursor The invention in

add s SReP BMare¥erblanEe iRt ot hd Ve sLasy SE i n

effasgatiedanbémyd @brdicf]feu;SI omidh phtetklesaghy s, 20 as

w@#é\’fe tltnoﬂ'}ﬁwgl%eg\r‘fgrgu Fu ‘Bﬁr edr b‘%ﬁ#@&n‘?ot h%ﬁ%cess

Cﬁbakwgﬂmare fuel s and base oil's, by hydrogenati on,
hy il SAPBEd $AkL00 £ ARG Of qmg;?@fo%cgwgveorfy L0€fu1
hydr ocar bons can prepare

ap| SEHERITr EPs CRtptvte®s GatalySt heresarabyst which
asémm&-IHEnéMEwl (g\fflugl&helaﬂ@ﬁted aréare%%ngous

has been . devoted to the devel opment of
SBER 11188, Farhshe Tromcdr MY CHRAF 0T CHPEDe R | v
ppacéscl es, for many different WO 2004/ 041430
PCI‘EPZOOS“%%Q? 6rh RLpCesses. Ther qgs al so been a
consi P Al e & FoFhgrpTetates to'a catalystor

catalyst precursor, whlch catalyst or catalyst precursor

is supported on a specifically shaped carrier, to a
process to prepare a catalyst or catalyst precursor from
a shapeable dough and to the die-plate used for the
preparation of an extruded catalyst or catalyst
precursor.

The invention in addition relates to the use of the
catalyst in mass-transfer or diffusion limited reactions,
as well as to the products prepared by using the
catalyst.

The invention further relates to a process to prepare
fuels and base oils, by hydrogenation, hydroisomerisation
and/or hydrocracking of the hydrocarbons which can be
prepared in a Fischer-Tropsch process using the catalyst.
BACKGROUND OF THE INVENTION

In the past a tremendous amount of work has been
devoted to the development of particles, in particular

catalytically active particles, for many different

i nventi on rel at eBCT/@P03/050786
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try to understand the advantages and soneti nes
di sadvant ages of effects of shape when deviating from

w@oowent4Bonal shapes such as pellets, rods, spbPer/gp20aseso7s6

5 cylinders for use in catalytic as well as

non-catal ytic duties. Exanples of further well-known
shapes are rings, cloverleafs, dunbells and C shaped
particles. Considerable efforts have been devoted to
the so-called 10 "pol yl obal "-shaped particles. Mny
commercial catalysts are available in TL (Tril obe) or
Q (Quadrul obe) form _They serve as alternatives to
the conventional cylindrical shape and often provide

p&ﬁ%aﬂ§@@e$hbﬁé)&ﬁ§ea9§o HebBfi 4 dRGEBESEAe effort
o-volune rati o which enabl es the 18 exposure

a
ﬁ§# %%r%? APEIRA itee TR ARRS o vPER G eAore  acti ve
cbataavqﬁsias;es%\f edaapte oFf shasd u;dx)énddéxﬁ%‘t%gtﬁo%f fects

ffenent, shapes on ca erf ormance can be
?)Evemlon%& (R ?c"ﬁe if\ﬁ\%k APYEEERARA n (J.
C\Yétpaﬁﬁ@etfpol useZOnI nsttaLytVOI as 2811Nas ndn-3980,ytpages
#68:273), entitled "Hydrodesul phurisation Activity of

Catal ysts with Non- Cylindrical Shape". In this
ar t Feqmpleg pefr ifivghber vadd-beawn shesey ialbedringswhi ch

cﬂ@ﬂeﬁ%@df@drd&ﬁﬂel§§t£d&j@tgﬁaa8d3Ba9{£3¥%s SeCt' ons of

tri uadr ul obes, asymmetrical 25 quadrul obes
Cgﬁgn“?a“r’ial %&é’§tﬁe1??vea§e€9| sYaipE ate téﬁt?%?@tlésdwth
“pomyrmﬁaldkswﬁﬁear5afﬁ1dhé32 MiHyléoﬁmétc1éi1%%ﬂdr§gt§5fe

s enc cal e_unit on_the

kyg/d%‘g eléag phurl Saf Pr ng %%}“ (LU ORDOEOZRd 4 0wt
T@ei)%ﬂrwganntahﬂemnatmmes kb tle eoneéntdedain this 30
c%iﬁ&ll%atl hé‘iaptehgné'%%t%ﬁt bl ol 0”9' %’bacloégg'f a}[ ed

eonetril ace to-vo
téa’clal J;fs:treaf)%ﬁ tsuélf@@‘k?@t‘vphd@p@ﬁﬂm]twheﬁh ceriadllgst tishape.

M 2004604320 BETT FRROGBOSULEL by 1bindFFid220. 933

it 1s described that the shape of
active catalysts.

An example of a study directed to effects of
different shapes on catalytic performance can be found in
the article by I. Naka and A. de Bruijn (J. Japan Petrol.
Inst., Vol. 23, No. 4, 1980, pages 268-273), entitled
“Hydrodesulphurisation Activity of Catalysts with Non-
Cylindrical Shape”. In this article experiments have been
described in which non-cylindrical extrudates with cross-
sections of symmetrical quadrulobes, asymmetrical
quadrulobes and trilobes as well as cylindrical
extrudates with nominal diameters of 1/32, 1/16 and
1/12 inch were tested in a small bench scale unit on

their hydrodesulphurisation activity (12 %wt MoO3 and

4 %wt CoO on gamma alumina). It is concluded in this
article that the HDS activity is strongly correlated with
the geometrical surface-to-volume ratio of the catalyst

particles but independent of catalyst shape.
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quadr ul obe-type catalysts is inportant, in particular
W th respect to a phenonenon known as pressure drop.

woeaan4t4be experinental evidence provided it apEEEP®03/050786

that 5 asymmetric quadrul obes suffer |ess from
pressure drop than the closely related synmetrica
guadrul obes. The asymetrically shaped particles are
described in EP-0, 220,933 by way of each pair of
protrusi ons being separated by a channel which is
narrower than the 10 protrusions to prevent entry
thereinto by the protrusgons of an adjacent particle.
It is taught in EP-0,220,933 that the shape of the

par It ciFes, p2@veB] it hemiésombed p@qs:ei@ Ree LihR Bed
bul.k densi t the catal yst bed

the overa
qt%ggg ﬂquow y‘i%vcéﬁ £y41§8 liZﬁ‘“‘iﬂ%@%Bse@ PREEIGHErcat al yst
whtht fedpest t@mya beenamenbe koswn ab E3d dsider srod10FLon

¥l éﬂ%gﬁﬁtenéﬂr ev?ﬁ@rﬁg%l Srg'yicieélde;_S%é]%\élé?gEHaﬁ¥cent ral

hol | ow space wh ara 0.1 and
AGYEMHFr ichguididiloke ofsuffier Indsi fiden ;preseaighiropr rifl ed

thhm ﬁiee@)l.ogéiJ QQ?&eoor Eﬂﬂ&zzlga?f %&enﬁug% Del fT Lme

di scl osed_ in US-4 Tri Fudates are
28 ¥RUE YT CRLL rBpRRY éi?rtEPl‘EF 218, descrdivse| bses a hel i cal

EIPe@;eQiaO poBybohal oexatHdsd & RAT b shayi ngihhe
four strands helically

tLin haape of thr ge_or

\I\E boﬁt (HEAKG YPEFD it MRLFOIET 282R1 IRy the | ength
p@bttm0part¢ @revamd ent sy Uuse:rasnto Gat ahysﬁr&&ugﬂéx@é yst
oﬁuqugacw%@g&u&% A AP AGRLE! Y5 p T ARLALY S

gport rotreati ng operations cal
thpapecorhipre ofathe orticlenipderentedber ﬁﬂm pressure

g5 9P R0 055 fbtezse@algel@lgr%to%%wfb%lis%hdml%h 3P liquid

and/ or _gas reactants are passed smal | er

tE%\t%ﬁ%ﬁ’sbéﬁdl EPRe d&K- be enpl oyed |n a g| ven reactor

desngrm 498 joRet di&tﬁo@egswte tde ocpatraqggt &R ses VO
q}4/ 041430 20 3/(5) 50786 _ - Since many of the
?‘Yncfa i st ﬁ% A t“Yar BTt PPH‘?%QYlmders' for

example cylinders having a central hollow space which has
a radius of between 0.1 and 0.4 of the radius of the
cylinder; straight or rifled (twisted) trilobes; or one
of the other forms disclosed in US-4,028,221. Trilobe
extrudates are said to be preferred.

EP-0,218,147 discloses a helical lobed, polylobal
extrudate particle having the outline shape of three or
four strands helically wound about the axis of extrusion
along the length of the particle and its use as a
catalyst or catalyst support, in particular as a catalyst
or catalyst support in hydrotreating operations. The
helical shape of the catalyst is said to reduce the
pressure drop across fixed bed reactors through which
liquid and/or gas reactants are passed. In this way,
smaller catalyst particles can be employed in a given

reactor design to meet the pressure drop requirements.
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and pressure drop problens continue to be in

exi stence, especially when surface-to-volune ratios
waree4ionpiseased by reducing particle size, therPer/EB2003/050786

still considerable room5 to search for alternative

shapes of (optionally catalytically active) particles

whi ch woul d di mi nish or even prevent such probl ens.

It has now surprisingly been found that specifically

shaped particles offer unexpected and sizeable

advant ages conpared with conventional 10 "tril obal”

cylindrical or quadrul obpal- shaped particles, both in

catalytic and non-catal ytic duty. SUWMARY OF THE

| %mg%r@ @@g@{@QJﬁ@ 1Hafﬂé Gl® QWO':)%'.].{]&ltn\ﬁo

protrusi ons, each extending fromand attached to a
a’é‘érﬂrreéﬁuﬁ%sqr??oﬂroblfgsV\W%’rtéPHe Y1 Pee it ranispessed on i s
eﬁﬁéqya&dyawﬂhmgsﬁf&hdegﬂg+¢dﬂﬂmﬁafaﬁﬁﬁssa@é ida%eaééaluy e,

ghClrosgrse ti oqzof t he partl l e occE§¥ g t he space

LN ORaRLEd By THE olbere l@d@‘é’s of CBF 3P F e5°F ound
ta @@m:hafomarlcbs;ataaehsmﬁpetshef &iptiohaXlyes touchi ng
cA¥ ATLANRPUICL Ak C1aGL 0 ML AL LR18 s dlitheLRAL N

circles are equildi stant e central circle "and nma
eYRN Mredeheducs prrdlennt rTe’H hep redwe sugpdi simglyvesen
£6ud L hBst ARG eNtaly gngpémaati@lré@,abkfwr Ginb&b&S Ut

not . the conmmon circle) touching the central circle,
apd jgephte adYaRER IS GPTRAF <6y W e auRN Y émaitni ng out er
“cnrmbes"ar@lzﬁdrnﬁaludr Nghaddud Lo £TRhBp&EP darteesdd ti al

DESCR THE INVENTION It is
b%ﬁg i {:ﬁ%\?gt%ﬁg ??/Cgélc’ch?tea&c‘,’ttﬁ% g%l ch require solid
SPOFARY'S OF ATl \stEMﬂaHON cles are often limted by the

r at f X at al yst
S Booly bR RrelOf, (ORGEAND, LG bocpepE
e@%le\ﬂtngdlrm cfda@t@doattmhetdhéo catesngsal pewstik .
wheEAdk AE dent ra RN S LoDl Iaezk&%cwaueng dirgp!l ay a high
surface-to-volune ratio are advantageous. WO

Longi41ganak=peTP EPFE0BMSFASE tip cross-section of

the particle occupying the space encompassed by the outer

edges of six circles around a central circle, each of the
six circles touching two neighbouring circles whilst two
alternating circles are equidistant to the central circle
and may be attached to the central circle, and the two
circles adjacent to the two alternating circles (but not
the common circle) touching the central circle, minus the
space occupied by the four remaining outer circles and
including four remaining interstitial regions.

DETAILED DESCRIPTION OF THE INVENTION

It is known that the type of reactions which require
solid porous catalyst particles are often limited by the
rate of diffusion of the reactants into the catalyst
particle or by the rate of diffusion of the evolving
products out of the catalyst particle. Accordingly,
catalyst particles which display a high surface-to-volume

ratioc are advantageous.
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It has been found that the catalyst particles
according to the present invention have a |arger

WG 0itacH30 t o- vol une rati o than correspondi ng PCT/EP2003/050786
conventional cylindrical or "trilobal" particles of
simlar size and 5 suffer substantially less from
pressure drop than such correspondi ng conventiona
cylindrical or "trilobal" particles. The shaped
catal yst particles of the present invention can be
formed of any suitable material provided 10 it is
capabl e of being processed in such a way that their
i nt ended shape i s obtained. Methods of preparing such

shapesak Nsddi & oh@ SHaRIt heelal HEY 19 pAk+ DL NG W se

forcing a ranul ar or powdered catalyst or catalyst

a %‘Eqif‘golto ErF3EnY ARSI oRYS RapasIth@sr feest ai n

toondiureonst, il Thuhi @dr relspbndERgUES MR ohNE particl e

ot taa'rnl%a héer r“ecsu#tli) o} shapﬁ, bo{ah duyring reaction as
F147a§2auti ng =1 1 ¥FenePat 1io1 S PrefSdlr- et cHiZal §-¢

spbfan shbstavdelddyntpstso ftére mreeserd dropverdn eachave a

ot , . . i i 2.
SHRETRRE e LUl PR AN B NP ore e
PREtVEES-0. 74 and 1.3 times the diameter of the central

Ci riee shapdicarabl st RBatweanr 0087 1@aNdrdsdm times the
.diameter of the central circle. Mre preferred
IREENE CpatS EPEReL Ofor W My it 8Pt h@ato5ig) @safided
it nveriapapl @rd bhose dravesided 161 O $€6hy WhaltNthady ch
itpeen vc\ps{lgrreai.ry gg al te rnat i ng c(i)%McI es have the sane

AFAINSCe P "3 1ReCREMRSl YROPE, CWiRFRPADEYY SPERer ence
spépen inolpde tirebesndiaeknoudingr os setheewion fiomewhg ch t he
ofSRuI2MBL U AhALE SLNANL00 L CELER, A B aldaghed to the

central circle. 1n Figure a ‘cross-sectional view
matenipd pped ararddus prhepee| welegceceortdiingconditiiensnvent i on
wh8sh hAen deRi et efat t-ﬁi%ega?'wifcqger@ecai}lgetﬁé %%ﬁ%@ﬂ%onal

shape (indicated by WO 2004/ 041430 PCT/ EP2003/ 050786
shape, both during reaction as well as during
regeneration.

Preferred catalyst particles according to the present
invention have a cross-section in which the two remaining
alternating circles have diameters in the range between
0.74 and 1.3 times the diameter of the central circle,
preferably between 0.87 and 1.15 times the diameter of
the central circle.

More preferred catalyst particles according to the
present invention are those having a cross-section in
which the two remaining alternating circles have the same
diameter as the central circle, with most preference
given to particles having a cross-section in which the
two remaining alternating circles are attached to the
central circle.

In Fiqgure 1 a cross-sectional view of the preferred
particles according to the invention has been depicted.

The surface of the cross-sectional shape (indicated by
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6 the solid line) can be described as defined in the
main claim It will be clear fromthis figure

W@ depioct4Bng t he cross-section of the preferrepCT/EP2003/050786
particles) that in the concept of six circles of
equal size aligned around a 5 central circle of the
sane size each outer circle borders its two nei ghbour
circles and the central circle, whilst two
alternating circles are equidistant to the centra
circle and may be attached to the central circle. The
two circles adjacent togthe two alternating circles
(but not 10 the conmmon circle) touch the centra

tBé redled Ih@)crcals&esa@tsi:@fbéaf abh@mneherd aghePasid cl es
gs bU|It %? t hree C|rclg (the central circle

wh i QFncé F3Hg To0T G FEIES) (PeRttiss Wheh the

cfm—sabem %) t]flé)rmdebyed hﬁrtﬂ@]leld;ﬁ)l enst i the central

e ¢19,2nd five quter circl es; whi.ch the two
Carluf atifg b ier c?r TR SthR @ Wg“g&%} W4 Ag out er
cemrmlesm@cm oft threeang ¢ime adflacerneroctierlecbpcdes, and

10 nt% h@@@%@gem&q@gpgﬁ@ "o\ L%ﬁzfaquu&@' m]?gst

circles or the ur pose | S |nvent|on
tyalireramsingr cih etseﬁf-’? a?q%dFEF@tZGOaW fdepsralt er

cCréXd afid MPBE MY Lhhelingo oM 8LAENALI Ffhie .OBRE two
circles are referred to as "interstitial areas" The

CHh SRS G &P e &P iy [GEPREIRG FiFskesrlut not
tB€Wcthmsh adttrctle) t tuaheBhé adentir& Tl rcIBe term

equi distant" as used, here r ef the, 25,

Ci ?Iglﬁ‘rrg Ahce that” O% Qe a%ce:e ep\ﬁééhcjte}’?eléé%‘f]rlé of
uph@roncehreqalciccl@ ethe tdeEreéntixlef andhawef the outer
2§t &fafong | uRAUBL rd10 ) N gl RbANARHDRR YRR, L e centr e

the céntral circle to the centre of elther one of
apprs deheformegnty rithey iootegiopsref dde gentrml checkrur pose

afl tiRkeSoafy iceatidy) LR6nd MnTtn " @AIcdb SE Aflrna By
conprise_deviations up to 20% of the distance,

BT SHEBFSS upDE ot DR ERTRAT PP ePRTSADEY T EAES 6358 I n
tblhienimastwprefiace et ctbodiimnes | hejfeni sufandevpatd on.

occupied by the four remaining circles. For the purpose
of this invention, the inclusions of the central circle
and five outer circles, among which the two alternating
outer circles are referred to as “interstitial areas”.
The two remaining alternating outer circles are
equidistant to the central circle.

The term “equidistant” as used herein refers to the
circumstance that the distance between the centre of the
central circle to the centre of one of the outer circles
is equal to the distance between the centre of the
central circle to the centre of either one of the other
remaining outer circles.

For the purpose of this application the term
“equidistant” may comprise deviaticns up to 20% of the
distance, preferably up to 10%, more preferably up to 5%.

In the most preferred embodiment there is no deviation.
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WO 2004/ 041430 PCT/ EP2003/ 050786 7 The circunference
of the preferred shaped particles according to the

w@e@3dent430o nvention is such that it does not ceeL/APIV03/050786

sharp corners. The two protrusions and the centra
position together 5 formthe cross-section of the
shaped particle. The main part of each protrusion is
formed by one of the alternating circles. The main
part of the central position is fornmed by the centra
circle. The interstitial areas are divided between
the central 10 position and the protrusion by a |line
perpendi cular to the Iine connecting the center point

mfe theceestémle ofi £16d q;ramériébe sﬁspé&&aaEéiélé%f the
ternatln C|rcle The g endi cul ar |ine crosses

Cgr%lonrﬁwect 'hg plrleﬁ%ntatmé{e 1s ot M9t nit Keehi ddl e
nl@@tmelmmhehetnmcoem&m points (see 15 figure 1). The

te t | ated sh d
par ol e B e BEp L ERe e B TLEL BpaEtPLdesor ot ch

QEY ©fe cHesTEctabn (ifr chesshmpsdt hpagdcler T @ain

pﬁ'i‘@tdiﬁlse'agﬂspro-EQU§10rt riig! Qgﬁneﬂ%?d&% Q)k%e ﬁé c. are
excl uded. 20 The shaped particles of e pr esent

3Lt GERASIGAsCLIHEP udB O AREN cPaEE 6Nt §Pn§r@ne to four
paddti¢r0ﬁal forfedt bYSirANEenbFaf @G ably. @Re to two

rotru5|o ch attached to an existing
S SEraTarh et eiyiod heh bRt hencErsath 1 ¢ he

p&ddtiomraah tzﬁe protrusioanbped ngndefdspeddifutdietsame way
i cl =« the existing.ends d|n trusi on
tgg iihe cgbﬁ% 1n Ehe cen% IEFG?E ? {%

)ecom ng centra centra
Carete eanlée‘ébﬁnqq%gteh@ar@t hértfpﬂ @tltwa(mngﬁcnraies Bect i on

pekpémoqm Ilqln@scragggsu@hggco%qg& Jyﬁhnme&t ’ ug' ons is

depicted in 30 figure . hese a tion Fusi ons
eéﬁ%t%tlnaf%eaeﬁéale ttt?télﬁync%‘m CHP ¢roderi mmqs ésee

fayhid 110hakhs presb asivastidd idbebasora81 et toncl uded.
elongated shaped particles or catalyst or catalyst
precursors in which any of the central circles has three

or more protrusions. Thus, trilobe, quadrulobe etc. are
excluded.

The shaped particles of the present inventions
include particles comprising one to four additional
protrusions, preferably one to two additional
protrusions, each attached to an existing endstanding
protrusion as defined in claim 1, the additional
protrusion being defined in the same way as in claim 1,
the existing endstanding protrusion becoming the new
central circle, the original central circle becoming the
other protrusion. A cross section of the particles
including additional protrusions is depicted in
figure 1lb. These additional protrusions are not attached
to any central position, i.e. multilobal structures as

trilobes are not included.



10

15

20

25

30

WD 2004/ 041430 PCT/ EP2003/ 050786 8 An alternative
way of describing the preferred particles of the

w@e@3dant430o nvention is to depict the cross-secPCDEPDN3/N50786

these particles as being built up fromthree or nore
circles, in which the angle between the two 5 |ines
connecting the centers of three adjacent circles is
bet ween 900 and 180 or between 180 and 270; preferably
bet ween 110 and 150 or between 210 and 250, nore
preferably 120 or 240. The shaped particl es according
to the invention can 10gconprise particles having
only one additional protrusion, or particles having
at Areaﬂttetmla;ddivﬂ Q:l’fahe@diﬁll:‘l'lb@i ONS pre®ér Mt ures of
arti articles. It will be clear
p?ﬁ&fc%%ﬂ%? %@v s%ﬁélP?%ﬂ%?ﬂbl§H§b@epé§td§Flned ar e
ceopsThmtedn taf bbeswtﬂurmltlns scopeimf buber kb FpeRsent

rel case epLhe catal or_ cat al yst
tB?%%B%;gg of a?%gg%rggén |nvéﬁt?%§L g %V%ﬂb?@ﬁ Y an

lénes noRChinsc 8Bs, cafiterpl of ddrae eadjsednt |dircadeknpswn
bb@wéJ}D%°S£Ad hedei g aewadd 1ts@ n?rﬁ}lfz%t’“r s ?aQJt at es

whavi ng one or more holes in e of The party cl es
EE‘”% drdi i &°F hé’eréE‘é?ﬁ“ |2ﬁ9erﬁr1doﬁsand mgiech
ptefemangeszoﬁam baf&xpected in practice when producing

su ates In this spect it is observed that
t he pr ess é’ par ]ageaFﬁ?@o[Wgt BP yhgf LBYCOPUSRBN may
cppmd se pﬂrtxhibermauungnomiytdme eadiruidabesprddgual by, t he

o r 1@% referably within
oin I'Tl)lr%gegg?gev?}l? {}]5 l%ag hI n H/j aﬁ.) %rotcrtus'?%n?he
oauwvéresﬁ toleeh t:mec»l ef parttihtes d:@atlsr@e as defi ned

i N 1t iPL eSERleal MHERT O, étewgu%ngyﬂ l.hRr 9¢&ns of
greparatlon of the 30 catalyst or catalyst pre ur sor

F95 0Pt CORBLAqLRFe ke i Rfh vipkinwtes 3eBeand 1090% of
ptéseruahesntafon. pad tohel 655653"&@9@%&39’&'&@&3%? a

catrgyg%lpgééﬁgg%ﬁrogméhe present invention is prepared
by an extrusion process, die-plates are used. It is known
to those skilled in the art to manufacture die-plates
having one or more holes in the shape of the particles
according to the present invention and which tolerances
can be expected in practice when producing such die-
plates. In this respect it is observed that the pressure
release immediately after extrusion may result in
deformation of the extrudates. Usually the minor
deviations are within 10%, preferably within 5%, more
preferably within 2% with respect to the diameter of the
circles in the ideal shape as defined in the present
invention.

After a typical process of preparation of the
catalyst or catalyst precursor particles of the
invention, between 10% and 100% of the number of
particles produced should have a nominal diameter with a

deviation of less than 5% of the ideal shape as defined
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devi ation of less than 5% of the ideal shape as
defi ned WO 2004/ 041430 PCT/ EP2003/ 050786 9 in the

w@eegant43o nventi on. Preferably, at |east 50% oPCT/EB2003/050786

catal yst particles should have a nom nal dianmeter with
a deviation of |ess than 5% of the ideal shape as
defined in the present invention. 5 It is possible to
produce catal yst particles according to the present

i nvention, which also contain one or nore holes al ong
the length of the particles. For instance, the
particles can contain ong or nore holes in the area
formed by the central cylinder (the central 10 circle

ih ntﬁé"@r@ﬁ@:ﬁlfs'l%e@ﬁt% gbi/@ﬁlaﬂaﬁlﬁ' Qattr Geddt a4/ QF or
hol es one or. nore of e alternating cy nders

cf??ﬁ?%ﬁl?@f FgSRIUE BRVS 7 PRBLRGLo déametEr Ght@lauan in

dEViprienldE 1Else pr&sercer 0fhe0N@edl shaplnheriye@f &9l es

gatth s_an .15 ncrease of the surface to volune ratio
i ehpresent 1nve T
priTNCr Pre™al | ows exposure of nore catal ytic

Si tIets lanplossulhleatny pcadece matelymp@@utiaclds [ ncom ng

aEMcﬂ% %" P’Pé(?env&og.gv \ggﬂt% ¥so co aln
poin

catalytlc Vi ew. Since
OP%cqre&‘ﬁﬁg*}%leél ﬁ‘?r@ultbet%ﬁ%fﬂbd@l@émwhm@@spa?dn cles

iAStddRel I ti5d 2R rBEEIE S as B8k ni dnd %rp{u%feerhgggs {p use
tg%r ous particles without holes when snmaller sizes are

A5e8dT P BY t B RO FRYs ¥ 1indemdshperantiratind t hat
ctmevandexge dif)sé-hﬁédﬁ&bm diSten pArtiigakes1 PGeay 8t Nchet O

e nr g f dnvention i dﬁilk 25 above, 50% (voi dance
emonée RfThdd g8e tchrem\‘?fﬁ’ ERP RLHSORA T HI9 CHAIRIRAT
(Space tpresemy coraedsedin ofhepardssiseet o Sjiden ihe
rP&ltd gges present, i.e. the volune of the pores

Inside the particles are not included in the voi dage).
Th&hgaPrezdnes oSeuhe arthauakperifbples caveedescri bed

in@rdigkebpafiee kuhatkea 1 ¥ Of Siage 9£t1tovmh9al,l % 58% which is

substantially above that of the conparative "tril obal"
principle allows exposure of more catalytic sites and, in

any case, more exposure to incoming charges which may
work advantageously from a catalytic point of view. Since
it becomes increasingly difficult to produce hollow
particles as their size becomes smaller it is preferred
to use porous particles without holes when smaller sizes
are desired for certain purposes.

It has been found that the voidage of the catalyst
particles according to the present invention is well
above 50% (voidance being defined as the volume fraction
of the open space present in a bed of particles outside
the particles present, i.e. the volume of the pores
inside the particles are not included in the voidage).
The particles used in the experiment to be described
hereinafter had a voidage of typically 58% which is
substantially above that of the comparative “trilobal”

particle, the voidage of which amounted to just over 43%.
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W@ ad0aloysiBo parti cl es according to the present

particle, the voidage of which anmounted to just over
43% WD 2004/ 041430 PCT/ EP2003/ 050786 - 10 The

can be described as having a length/dianeter ratio
(L/D) of at least 1. The dianeter is defined as the
di anmeter of one of the 5 circles depicted in figure
1. The length of the particles conprising one to four
addi tional protrusions is defined as the distance
between the tangent line that touches a first
protrusions and a line parallel to this tangent |ine
that touches a second 10 protrusion, the second

pr ofPeistadm Lijet reprtheley acrusdiony thatihesbsayay from
tRnt i &S tcall B I {SIQF Lgure 2 The particles
accor di n a?og% h@ﬁ?g}geeﬁ%%i E%/‘glnrigl Snl%ré%hﬁggim%telf/ Din
rﬁ’?éoréﬁ‘/gtg Bét feeifastahd 25. Preferably, the particles

acconélidigmeee £ e REESAAL 2k MMENY,: 9. NAVE -2 L/ D in
éiI}%légn e between 1.5 ang 20, rréree%rateﬁgr% 'Tffi %g‘? he

range b 5 2 A4949%8 For exanpl e, the particles
usethe ilenghe eXpeei pEsttictos ndessiiPede hes elnafter
a%d: Ao fiD rg{ru%q%ug 2. %.e The Ien%th of the particles
i'n accor dance Wth-tHe 985477t éSehte i9vEARFRPetyeen

thgi tandepti findhdhaanysudhebweerirkt apfbt raSione fuefer ably
liRet herJ1309€ b e d. 20 dependi ng on the
tlyeeﬂs%c appl i czt?m}é%ngaelf?\?lggab%l& ik tsqh’ggﬁﬁl ?J%EFPE‘F es
PICED TNy e t¥fecondrastirosicr beisglitthebbyotmadaochr om a

fROt b %aépiﬁ¥bm IHS f¥}%9u§r6¥¥ﬁgk8ﬁ, é%é P¥%ﬁ£%e sel ected
fro of the suitable refractory netal”oxidés or

an ,
si eat"é?b?“z?oﬁﬁ??ﬂé?ﬁin@ngo tther BeEsdatownvent ithecamrt .

hRge ta duipatnexanphige WetPel ar kARG DOr QWS CANIVET She
titania, Zlrconia, ceria,

PhBPL S SR SRRl AT O L Bt

ig| td rangadoWeent Bl apdespeabak | preFed2o1yThasene
SBRGLSREY A0 B e SRLELAL Tt VO
in the experiment to be described hereinafter had a L/D

of about 2.5.

The length of the particles in accordance with the
present invention is suitably in the range between 1 and
25 mm, preferably in the range between 2 and 20 mm,
depending on the type of application envisaged.

The shaped particles according to the invention are
suitably made from a porous carrier. The porous carrier
may be selected from any of the suitable refractory metal
oxides or silicates or combinations thereof known in the
art. Particular examples of preferred porous carriers
include silica, alumina, titania, zirconia, ceria, gallia
and mixtures thereof, especially silica, alumina and

titania, especially Ti0. These particles may contain one

or more catalytical active metals or precursors therefor.

POT/EP100D 050786
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WO 2004/ 041430 PCT/ EP2003/050786 - 11 In one
enbodi nent of the present invention, the shaped

w@aosntioei4ses nmay be used as carriers for Fi scherpCT/ERP®SEMN50786

catal ysts. The preparati on of hydrocarbons from a
gaseous 5 m xture conprising carbon nonoxi de and
hydrogen by contacting the m xture with a catal yst at
el evated tenperature and pressure is known in the
literature as the Fischer-Tropsch synthesis. Catal ysts
used in the Fischer-Tropsch synthesis often 10
conprise one or nore neyals from Goup VIII of the
Peri odic Tabl e of the Elements, optionally in

Combi BAL] AbocWhét G2EcRE JTREENITBLALaOKLHeS and/ or
other netals as pronoters. It is nost deswable to

SRARD PR HiIgRI Py spehias £arEkarsl §¥8F . Fissheerns of
Ttesdhi sebelrystsopsch process, a highl y ef ficient

cat lyst is h exhi bits not on a high |evel
ﬁ tPf/‘T‘Ffara?o?“m“ﬂJ % EBRVER" 08?1 fo‘t"“‘cér%%‘?‘?ouﬁonoxi de and

mhmmgemnnshyglrmbom&;mhué a{dscmyardﬂgegh bydegr ee of

SRR h 'J%C@Qﬁm Gicfod eall o DU oparoRs, 20 T

partlcu ocar ons an ar er, ‘heﬁ eforth
temEPERtBEe t@dagre@lrehydrb@anbmsfhe Ilttter@uuaagdm in the

tRé | @lscAbE-1Rbch heyrehbbed ency of a catalyst in
general increases as the size of the catalyst

paratéf estdedredsis theuFisrder-teapsich s s ¥ntdisgd b do B nshow
camﬂﬂrilgb shalyrl inbiv’e net@1s dﬁ%t Evald errshouligebe very
P ,? Fi sc Tr psch synthesis_nay be carried out
‘a‘éﬁ?‘dc RS 8 thy EBEN TN CPEYESY THreoBRARMH O a
wituiodiesed nved metgai]ITBxﬁ)diesa asbysr wothed megildeas 30 When
ol Shdid ? process enploying a fixed bed of catalyst
particles, a major consideration in the design of the
pr odess hasty Hespraddeure anpdpy tdhrdghhy tdificaeat yst

catalyst. In terms of the Fischer-Tropsch process, a
highly efficient catalyst is one which exhibits not only
a high level of activity for the conversion of carbon
monoxide and hydrogen to hydrocarbons, but also a high
degree of selectivity to higher molecular hydrocarbons,

in particular Cg hydrocarbons and larger, henceforth
referred to as “Cg+ hydrocarbons”.

It is taught in the prior art that the efficiency of
a catalyst in general increases as the size of the
catalyst particle decreases. Further, catalysts should
show a high stability, i.e. deactivation should be very
low.

The Fischer-Tropsch synthesis may be carried out
using a variety of reaction regimes, for example a
fluidised bed regime or a slurry bed regime.

When using a process employing a fixed bed of
catalyst particles, a major consideration in the design

of the process is the pressure drop through the catalyst
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WO 2004/ 041430 PCT/ EP2003/ 050786 - 12 bed. It is
nost desirable that the pressure drop should be as
wo ow4as14possi bl e. However, it is well reportedp¢TEPID83/050786
art that, for a given shape of catalyst particles, as
the size of the 5 catalyst particles in a fixed bed is
reduced, there is a corresponding increase in
pressure drop through the catalyst bed. Thus, there
exists a conflict in the design of fixed catalysts
beds when trying to achieve a satisfactory 10 | evel of
catal yst efficiency whil;st _keeping the pressure drop
through the bed to a minimum In addition to the

bBROVER, ikhRogsatRkYsipRAkLLE! o ently
st ronglt 0 c<'21v0| d und%sn ré%l@ tgltét }r)|§t| orﬁ%?ﬂ?éug Blrjggka e.

bespedicyl Py RIPSiPked beds the 15 bul k crush strength
shodwdvbe, (Meriy) wdi Ohepasteds ﬂ{ee ar¥seghd,n ggpnyrer ci al

eact%rs of 9 15 neters hi Esp ecially at the

I EWersaRE of r‘t%ﬁé bl Haﬁél‘blreéss%? e“tes“%%r‘yf ﬁ%@h and

cahel wittr pagtirslesf it he f(iataalw iparddueck8s tHdrays$sad

chEPAI-AlLd A red L S, grpésnsuardd' tongl plth & apl ication
[

S|gn| rove alys Ficles. A
CQFMX{Stf Qﬁtiher conplicating element is the

”anHILQCt H}Eéﬂag eQEQﬁ:§SdS cgﬁffﬂ:tta!tﬁfsgheoaggi ST fﬂggc{e I's

need or a ast rel ativel Yy |nexpens ve and
cgﬁtha?&ﬁeb% HRADT BEXGSI By sheeEs S WAFERLaGtAryenabl e

16he1 wfodueﬂ}&m_ efficiadhal wiilpartd<ydiag tie [RL98ure
guantltles nple. of such a commercially

Q%N?EBP%hﬁﬁﬁhgﬁgtiﬁln@1%¥%gbss is an extrusion

pr obessdiSianiltat tmmsabsh@w umeaawmg paex ishaped

| 0 t tal yst
=R Bp oo a1 SaRbiT i PR bon

asy:ﬂﬂi@sispdtdmebtﬁhkﬁ9¢/oEspéﬁladlffumsﬁmned|badbathen1 is
bﬁ?ﬂ%z@%ﬁag’tl.ﬁ’enlg%ﬁss &fmaﬁgd(vtegy} n%.gh, as beds are

used in commercial reactors of up to 15 meters high.
Especially at the lower end of the bed the pressure is

very high and the strengths of the catalyst particles

plays an important part. This is an additional

complication in designing further improved catalyst
particles.

A still further complicating element is the
manufacturing process of catalyst particles. There is a
need for a fast, relatively inexpensive and suitable
manufacturing process which will enable the production of
catalyst particles in large quantities. One example of
such a commercially available manufacturing process is an
extrusion process.

Simulations show when using the shaped particles of
the present invention as catalyst carriers in the

Fischer-Tropsch hydrocarbon synthesis, the CO and/or H»

diffusion limitation is considerably less compared to the
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WD 2004/ 041430 PCT/ EP2003/ 050786 - 13 case where
(conventional) tril obe shapes are used, leading to a

whedotoni43€l ectivity. The inproved performance PERP2003/050786

usi ng the extrudate shapes of the present invention
as catalyst carriers is 5 expected to extend to ot her
reactions which are internal- mass-transfer limted.
An i nportant advantage when using the shaped

particles of the present invention as catalyst
carriers in the Fischer-Tropsch hydrocarbon synthesis
is the 10 considerabl e rngduction in the pressure drop
through the reactor bed. This reduction in pressure

céé@pdrféfrge'(&nv%blb§$r?dlt)| @kl?&\éagﬁg’;g@ss’aré' &, it is nost
jrable that the pressure drop should be as | ow as

lﬁﬁé’s’?golt8 2 |BEti8Gi T§ 15T v e -ext r uded shaped particl es

of tihe impboyaidepertoimaneaturdn dbsfy aneadxd Maeyed crush
sgt %th onpared to trilobal shaped extruded
[ Ehelggg

' e SSQ/Erlnvgnbb%rb aéSQa%@yéEt FA%YrandS a good
espa@ddl ty eitendbtaigiuddr Fepdthens wHiehpard iiekesnar-e

mgygigﬁhgggiyldm%g&mg and can easily be nade by

ext rusi on e catal ysts of the present invention,
espEtilBPPYtantopdiatagn vimn MssehemeTsbamh process

§8I 8ot Athel PBes &t ahyéﬂt%hlé{ aCltlaY
prret al frgm Greogpes\’/l Il of the Pserl Odal gsﬁl:'?%}%ggét he

B Bt SRt PREF AN YERR B RO CRY I eREE | e thet al s
cbﬂ@idﬂi@ﬁf@tﬂ?ﬁﬂbﬂfﬁn IlrnOBhe %ﬁeeebﬁé tclfr@Bdtw&Jgﬂl thdior e
erer Yy | ONS 0 two or nore
Bastn B 8 kbRl D s Bras G o Fera
skbstimgiaTrapsehagedt alsyste iix dsetbstwdeshratilel dsat
<RUDHARLL 210 QYD LB Of s BRLALL I Y5, fPLe P efer ably

subst ant i aI y “unbranc par af nost suitable
catHl pdditmmothe iaxtrided tsthuase@mqmsele?} redl thles a

peobald 1ReSt @A agsgiasycgﬁrlmyrepégfhﬁ@hawetn gnSUCh
catal ysts are describ he literature, %See e. g.
compared to trilobal shaped extruded particles.

Moreover, a good Cg+ selectivity and a good stability

is obtained. Further, the particles are sufficiently
strong and can easily be made by extrusion.

The catalysts of the present invention, especially
for use in the Fischer-Tropsch process comprise, as the
catalytically active component, a metal from Group VIII
of the Periodic Table of the Elements. Particular
catalytically active metals include ruthenium, iron,
cobalt and nickel, more preferably cobalt. Combinations
of two or more components are also possible. Preferably,
a Fischer-Tropsch catalyst is used, which yields
substantial quantities of paraffins, more preferably
substantially unbranched paraffins.

A most suitable catalyst composition for this purpose
includes a cobalt-containing Fischer-Tropsch catalyst.
Such catalysts are described in the literature, see e.q.
AU 698392 and WO 99/34917.
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AU 698392 and WD 99/34917. WO 2004/ 041430
PCT/ EP2003/ 050786 - 14 Preferred hydrocar bonaceous

wo s@de448r t he preparation of synthesis gas aPEI/EP2003/050786

natural gas or associated gas. As these feedstocks
usually result in synthesis gas having H2/COratio's
of close to 2, cobalt is a very good 5 Fi scher-Tropsch
catal yst as the user ratio for this type of catalysts
is also close to 2. The catalytically active netal is
preferably sup- ported on a porous carrier. The porous
carrier may be selectedfromany of the suitable
refractory netal oxides 10 or silicates or

CONbigTat 6 shyldR6E£ASorkBOYES ifaelibFA khe ;B?efpfa qul
-8xa l.es . of agﬁneferred porous carriers include silica,
IS 9

al U 3% DAYEBhi BBS O&r pEsOgarpe FamndAs
thex¢ Uicesist betseabuabppeesald Vinskyh@msial 448 Havang

s c aII T02 15 The am)unt of
%é%glryft%l’lga onl}eag P7ve rrlgfa ObC?ﬁ Lt he 2 YEFYi¥°% or opti mum

FmetﬁéHHT&BﬁﬁbH &aﬁéf&éﬂ'&@'yhé'hs%heraﬂf%nggr(ﬁhlsr99&@ to
@aleF p %g vg[oofe caryier material, nore
pre 46r5 ¥ 8aF10°1%5%80° fhw, especially from 20 to
60 PlawcaR@lytficddby raent,ivé heet@at & ate fERYL B} SApCONPri se
t oxi des _as pronoters.
p%ﬂ??cgbl e%ﬁgﬁg %%(lls ;Tgﬁm) é)fgusrré:arﬁéegérf é’c%’%d from
sgteseies fram any| gf the\/lulwvlevre;fmct@rmupemul Bxbded he

oPesindiheedadd eofthidN8onk! @BRLS kﬂghntbﬁ Al g des and

| ant hani des. 25 In_particular, oxides of magnesi um
PREFITUAT SXAPOREI AUmPIBALTIAA P@E%Hﬁlllcﬁﬁfl@ylt% Anghyde

sk andéaauGmind, i i:ilﬂ'hru_ﬁl 2i F€May e Naf, NGaM 1 LGHHUM
hori u ur a . chrom um and manganese

t di u
S S E s b P aPe RO RSt Thd oS pe LHEaF 1) ThF Enhr e
eppe¢aialdyi THEOpr om)ters 30 for the catalyst used to

prepare heavy parrafins are nmanganese, vanadi um and
Zir Fﬂﬁ¥Qﬁuoaecatalytlcally active metal on the

carrier for optimum performance is preferably in the
range of from 3 to 300 pbw per 100 pbw of carrier
material, more preferably from 10 to 80 pbw, especially
from 20 to 60 pbw.

If desired, the catalyst may also comprise one or
more metals or metal oxides as promoters. Suitable metal
oxide promoters may be selected from Groups IIA, IIIB,
IVB, VB, VIB or Group VIIB of the Periodic Table of the
Elements, or the actinides and lanthanides.

In particular, oxides of magnesium, calcium,
strontium, barium, scandium, yttrium, lanthanum,
titanium, zirconium, hafnium, cerium, thorium, uranium,
vanadium, chromium and manganese are very suitable
promoters. Particularly preferred metal oxide promoters
for the catalyst used to prepare heavy parrafins are
manganese, vanadium and zirconium oxide.

Suitable metal promoters may be selected from

Groups VIIB or VIII of the Periodic Table of the
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Sui table netal pronoters may be selected from G oups

VIIB or VIIl of the Periodic Table of the WO
wQo@4/00k3e130 PCT/ EP2003/ 050786 15 El enments. PRUERP2003/050786

silver and G oup VIII noble netals are particularly

suitable, with platinumand pall adi um bei ng

especially preferred. The anount of pronoter present

in the catalyst is 5 suitably in the range of from

0.01 to 100 pbw, preferably 0.1 to 40, nore

preferably 1 to 20 pbw, per 100 pbw of carrier. The
‘nost preferred pronoterssace selected from vanadi um

manganese, rhenium zirconiumand platinumin view of
el &edde sabkhdd Nt O u I cha paraffins. 10

Py s P D o e PE st arare ¢
PpFeererl hespifebtepddith vl a3 e eanchpell bedinmt beimd by
e8pyciaduit pld e re@at ment, such as inpregnation,

m xIl ng/ kneekgi ng and m xi ng/ extrusion. After

t

depo$i £FSH RECHECAI PLATEDTEi +1 dh)5r 6pFdlatse, 1515 the
spitailyedn othe rengarafi éromet.@ni ab,1d0Ngbl PgAREEA Ty €F

i lhC subiect ed cal.cination._ The effect of
Of%eé%gioé%‘%? %QJE?%%?XE%&? got%bvf'er?ﬁ\]felo@lp%’t% wat er
cBr ke oo J®s6r preiier red npuunetisr ekt el oelenmde fion
vEBRUGANT fia hRRAUN S chuh NE) TrebRARPShLE) idlgs, , 20
After calcination, the resul ti ng cat al st may be
VHRY fatBel pypbddhtucid Agedure daral ghetinwntirtafdingen or

a  medeggenytgent 8 NAgvdatal YRAE kY pAdndeepe] At ur es
of about 200 toﬁ%S((): C‘.r O:hgr processgsl%or&r?he

PHT4r alP P iepes Fedc R rthrr 6pEE R AR hPYidtls be ot i se

sieadiengteatnenng, sudhobk omgdeBia €240, URE @1hg/ kneading

agéyni\ir%q/nc?l&irﬂat!:r?n and activation. The suitable
materi a or “the Shaped catal yst particles should be
pr ddgssedenasisioh of why nidrafl &hdi if appepdedtshape is

Rt A NEH. » 30, ONE &XATRL GndiferRa Pl AGESTHOsLd™REDOM IS an

extrusion
is typically subjected to calcination.

The effect of the calcination treatment is to remove
crystal water, to decompose organic compounds and to
convert inorganic compounds to their respective oxides.

After calcination, the resulting catalyst may be
activated by contacting the catalyst with hydrogen or a
hydrogen-containing gas, typically at temperatures of
about 200 to 350 °C.

Other processes for the preparation of
Fischer-Tropsch catalysts comprise kneading/mulling,
followed by extrusion, drying/calcination and activation.

The suitable material for the shaped catalyst
particles should be processed in such a way that their
intended shape is obtained.

One example of a processing method is an extrusion
process, wherein a shapeable dough, preferably comprising
one or more sources for one or more of the catalytically

active elements, and optionally one or more sources for
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process, wherein a shapeabl e dough, preferably
conprising one or nore sources for one or nore of the

weadoaloytsdeal |y active el enments, and optional | pCDER2008/050786

nore sources for WO 2004/ 041430 PCT/ EP2003/ 050786 -
16 one or nore of the pronoters and the finely
divided refractory oxide or refractory oxide
precursor is nmulled together with a suitable solvent.
The nmulled m xture is then extruded through an
orifice in a die-plate. The 5 resulting extrudates are
dried. The solvent for_ijgclLusion in the mxture may be
any of the suitable solvents known in the art.

ofXadPhRse0dr tBMi f)ﬂﬁ’rlo%e§9l MENL e f‘ﬁleliQGde%r '
al cohol s, such as nethanol, ethanol “and propano

TREFUTOLY SR 8% mRigpshery mlaﬁmééormnuaéed
tp@@mﬁﬁah;uandsaﬁaﬁﬁkl§o§ﬁ&M§n&§erﬁﬂﬁ@d ASctlebugpe. A

nd preferred solvent is water,
B iR | R B D T b LA fetimaRbFce THESUse of
rS:p@bﬁihigCeKhB*dpltﬁ& escecdald®s t he for mation of the
| ntaRARd) SOAP SR 118 £81 Al She RALELEL S5y BLCdo

pl ates are wel tand can he ndde from
ofrethdl softpoley selveniseknedn iaspheiait. yEvantiesnopl asti c

sHBE B1ieako1 TR sC 2hAludel @awvgiéémspr 06&s % sy be
perforned under conventional synthesis conditions

MRIRAAG 1 neHnodr £nd PXOPAYNcAPFgneThEuEhLan Fepone;

aE@EEh/ﬁfeSl omcrm)ﬁsbﬁrcgi‘afnam %iudatar&natta@p%ﬁ&éﬂt% I Budihe
nge of f rablg fron1180 to

a? STy (ﬂﬂs t%ﬁQﬂenb?%%éﬁV% r? TeHeS VAR YT ¢

wa*oaswerositmmalmyod:esxmmatmnt heth armgaaﬁaeﬁl from1l to 200

P oOREL Y spelPelIDUE RISk EL DI LEOML Gof el ford "

absg1ute at al ytic conver3|on Dr 06698
ogsigeriiateyderbshape h?éntlié it pét Geetiptef.ePabty nore

pldads 82 W1 REowKAr PRATPRANSNAT & BLMRLe PRBRENdI Ng oOn
the cataIYSt and the conversi on
metal or polymer material, especially a thermoplastic

material.

.The catalytic conversion process may be performed
under conventional synthesis conditions known in the art.

Typically, the catalytic conversion may be effected
at a temperature in the range of from 150 to 300 °C,
preferably from 180 to 260 °C.

Typical total pressures for the catalytic conversion
process are in the range of from 1 to 200 bar absolute,
more preferably from 10 to 70 bar absolute.

In the catalytic conversion process especially more

than 75 wt% of Cg+, preferably more than 85 wt$% Cg+
hydrocarbons are formed.

Depending on the catalyst and the conversion
conditions, the amount of heavy wax (Cpgt+) may be up to

60 wt%, sometimes up to 70 wt%, and sometimes even up
till 85 wt$.
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30 conditions, the amobunt of heavy wax (C20+) may be
up to 60 wt% sonetinmes up to 70 wt% and soneti nes

wevend/oup3otill 85 wt% WD 2004/ 041430 PCT/ EP20PGT/BBLIH8 650786

- 17 Preferably a cobalt catalyst is used, a | ow
H2/CO ratio is used (especially 1.7, or even | ower)
and a low tenperature is used (190-230 C. To avoid
any coke formation, it is preferred to use 5 an H2/CO
ratio of at least 0.3. It is especially preferred to
carry out the Fischer-Tropsch reaction under such
condi tions that the Sk-alpha value, for the obtained
products having at |east 20 carbon atons, is at |east

0. 9% fepslErabbyant cheasfst0i938sediOLeIH) GLOFEDI Yy at
10 | east 0.945, even nore preferably at |e&st 0.955.

P id dsabbgd t eepPESaHer 17T opschvéry doveal bonks aslseam

CEAIDIAcSeS A JsRaSt R 4b %G30+, preferably 40 wt %
nore preferably 50 wt% The Fi scher-Tropsch process

mayf DEVaid|awr ¢ohs formpEiesst oks @refreteded Fe
afrIOLEDS ra€EPRE at | Yeadt 041 irkubylanekixed, bed. It has
been found that the beds containing particles
PERETITGANEC t @ nreckth\tdst FbsrhiesvEropsch aezcridomupdeki ng

suck coidehi dMOhake vidldages ihanvheds ¢gpt aldiopg.ihe 20
correspondi ng conventional tril obes when packed using
PP T Re PRV KIORN 1835tk 2P offFPRE" 2E®ini §uet 1PREt voi dage
oot i pedrakan yust neaskeo capty enbiORakretablyohal shape
R R As O nASHT CERhT THNoRT Thh ot bultes B 25
Pyofatagdyof hatFiksebst-T35ps ethihydroreekebons ustrepar t i cl es
FhSLACLT Y€ {dloc! W RSB © oI O8R! 1681 dx0NR, L OF
I nstance the Fischer-Tr %scﬁ synfhe i S process. The
peafeardapdly P@anitiscl es descri bed herein can al so be
for’IrI)"aédF"flg'cl'beelﬂl—lI‘%&lmého%%gc sasr %niaglbees'a slurry
FT process or a fixed bed FT process, especially a
multitubular fixed bed.

It has been found that the beds containing particles
according to the invention have - in a random packing - a
much higher voidage than beds containing the
corresponding conventional trilobes when packed using the
well known “sock loading” technique.

The voidage obtained when using the conventional
trilobal shape amounts up to about 45% whereas use of the
particles according to the present invention produces a
voidage of at least 55% which makes such particles
attractive for low pressure drop applications, for
instance the Fischer-Tropsch synthesis process.

The catalyst particles described herein can also be
formed as helical lobed particles.

The term helical lobed particles as used herein
refers to an elongated shaped particle comprising two
protrusions each extending from and attached to a central

position, the central position being aligned along a
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30 The termhelical |obed particles as used herein
refers to an el ongated shaped particle conprising two
worainysBons each extending from and attached pOT/&P2003/050786
central position, the central position being aligned
al ong a WD 2004/ 041430 PCT/ EP2003/ 050786 - 18
| ongi tudinal axis, the particle having a cross-section
occupyi ng the space enconpassed by the outer edges of
six circles around a central circle, each of the six
circles bordering two nei ghbouring circles whil st
three 5 alternating cirgles are equidistant to the
central circle and nmay be attached to the centra

16hg ARinBl NS o hene %ra@egcfgc %&49&&? abxrwg-sfe%g&on

renalnln? outer circles and udi n
CFRLE P%ﬂsﬂaéﬁl%ﬂﬁ?mpﬁfﬁ?ﬂwapFQﬁrQH§PérE¢Q§§enﬁ silong

cﬂf]dle&r arbehd caalclaytmuadr@muea&th%lehEOM tydinal axis
the particl The termhelical | obed particles as

bord anﬁlgr i “@éﬁhb%tfrslé‘gr ST SF oVt S5 5RERE ed shaped
aba¢nna§hegccnqm165|amp @qeldisxaﬁOUtoeth|temﬂﬁﬂl circle

aR8 UTyBLOREea IR S1eHBCOE L0 Ao REnNO £ ot rusi on

fined in c 11 Onal frusion
spathgcdepiekdyi ﬁh¢ I’f@usarmnamynasoumrcbarcmeb, and he

1RX1&tiinB0+ R %Qsimrgﬁ§9ﬂlnge§b&§e%fﬁgt ral circle,

the original central circle bécom’'n ot her
PRPOtISdSPO == &HoRst apd u%’ieoﬁ§lé§€é1|4d’ HP WY akAdt dhe
16641 tealihyl woiRdof adeUpatdiee1leongi t udi nal axis of the

par, |cIe |l o helical |obed particles, a

| ar'gér t€ Wﬁ]‘?&t‘é?fﬁgﬂbf%a? tI6LE° At AF§thSFRARI 4% can
abeo emfeoyed ant elemduteueslfap@uvpmrtsleﬂectm@rhys15@aihd s
thPo‘?:'SrSQEiéflm%ﬁl g ina str I gbgoLdpartl cl es,

rea ter redac |on R pressure drop
eRtIey Ph@innﬂ?ahy@ﬁ dESlmﬁnjlmhakaxyxpecthﬂiaaﬁmn1¢dai

ppsws,leﬁtbe{ﬂgt 86 PAlddY €l Vond Qhm@ Hy Vg Seblgq fixed

predet erm ned pressure y “enpl oyi ng
t't"ﬁéa"HéFFE%tl Prqtébébprpaﬁf?w@s they neve cgn%zaiepnrqzbapsch

tPé AYIndl central circle becoming the other protrusion
which protrusions exend along and are helically wound
about the longitudinal axis of the particle.

By employing helical lobed particles, a larger
diameter helical lobed catalyst particle can be employed
to achieve a given selectivity than is necessary when
employing straight lobed particles, resulting in a
greater reduction in pressure drop across the catalyst
bed than expected from the prior art. A

Alternatively, for a given design of fixed bed with a
predetermined pressure drop, by employing the helical
lobed particles in the Fischer-Tropsch process a
substantially higher selectivity can be achieved than
with the appropriate straight lobed particles necessary
to meet the pressure drop requirements.

The invention will now be illustrated by means of the

following non-limiting examples.
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substantially higher selectivity can be achi eved than
30 with the appropriate straight | obed particles

invention will now be illustrated by neans of the

following non-limting exanples. W 2004/ 041430

PCT/ EP2003/ 050786 - 19 EXAMPLE 1 Experinments were

carried out to nonitor the selectivity for Co5+

hydrocarbons in the Fischer-Tropsch process of

catal yst particles made up of conventional 5 tril obes

(to be referred to hereipafter as TL) and of two

types of particles particles having a shape according

E;(_@Mpﬂth invention. Al three types of particles were
d by extrusion of the sane material,

contEpeALRgN s l’Gr@aft%Hry?iﬂc%lﬂ VOaan\ﬁ@retleerent a

SBLOCDREY for @k ARy @HtarOdenCaid iFEcAL B ops b

wat er / met hanol 'mi xture, using an appropri at

pPpPatss CExadiy lysk m@ﬁ@ﬂasimeoﬁptqﬁ lcobeesthizpead

£& 81 SHAS £ o Y trie@l £5ed @em@fe%w@ar Jaé ﬁi 'a%ecéhap

catal yst particles were prepared
LHP&E e PRAS! GespRr Bid <d6At B HiPAge 1&!@@@ a%‘éﬂﬁﬁﬂéﬂél AR
ta¥aidvablkeoh ) t ani a povvder (P25 ex. Degussa) 66 g

corg@r %hal |y avail g owder ,
M (‘Ac) 2RERD T YRRE pﬁ‘rﬁé?le? th ‘?ﬁtftlﬁ?% %s kneaded
e&btusﬂ@nle niheutsese e riaXt woata\a&rs;haped using a

T | t t t dried
“BRa g N e IR o B P e B R 20

O\M% Gerrast andwaoyater/Mhthareduhixtgecataingsanparti cl es

agagozﬁlaggléﬁb%llaggape having a nom nal dianeter of 1.7
talyst A) le Il preparation of catalyst
IRFFLAPPHPT ﬁrl oke-shaped icafalyst

particles (Comparative)

Trilobe-shaped catalyst particles were prepared as

follows. A mixture was prepared containing 143 g
commercially available titania powder (P25 ex. Degussa),

66 g commercially available Co(OH)» powder, 10.3 g
Mn (Ac).4H20 and 38 g water. The mixture was kneaded for

15 minutes. The mixture was shaped using a Bonnot
extruder. The resulting'extrudates were dried and
calcined. The resulting extrudates contained 20 wt$% Co
and 1 wt% Mn. The resulting catalyst particles had a
trilobal shape having a nominal diameter of 1.7 mm
(Catalyst A).

Example II preparation of catalyst particles according to

the invention

A mixture was prepared containing 143 g commercially
available titania powder (P25 ex. Degussa), 66 g
commercially available Co(OH)5 powder, 10.3 g
Mn (Ac),.4H20 and 38 g water. The mixture was kneaded for

15 minutes. The mixture was shaped using a Bonnot

extruder equipped with an appropriate dieplate to obtain

to neet the pressure drop requireneeit/EP20051€50786
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A m xture was prepared containing 143 g commercially
avai l abl e titania powder (P25 ex. Degussa), 66 g 30
weoeoapenciB@l | y avail abl e Co(OH) 2 powder, 10. 3 gPCT/EP2003/050786

Mh(Ac) 2. 4H20 and 38 g water. The m xture was kneaded
for 15 mnutes. The m xture was shaped usi ng a Bonnot
extruder equi pped with an appropriate dieplate to
obtain WO 2004/ 041430 PCT/ EP2003/050786 - 20 the
desired shape as desired in claim2. The resulting
extrudates were dried and cal cined. The resulting
catal yst particles contapned 20 wt% Co and 1 wt % Mh
and had shapes as defined in claim2 wherein the

CRMMRAN r0f shadddil i RakPriOf EUSIONS WaS NG (eaLal yst
B) or two (catalyst C) Example Ill Catalysts A, B and
SELTIRE o 49 T&d I hed pfoerldnpdr Thfe repripaicat i on of
c@wﬂrﬁ?a%sbﬂtrmle%ﬂ @d&?ﬁh@thv doeqes gcfoé ahd @QFE%a':M_Hi Qzl% 10 m
0 at al yst extrudates._A, an , respectively, in
h?(%esq’raBFFn Bt da?)%ﬂ‘?( dThEY S %c‘éi}t"%ﬁz‘é‘t the Humberedt ~ wer e
afidiatiodal optiresperataseorsf (280alystaBll oprwssuri sed

'g% +centinuous flow of nitrogen gas to a pressure
(%\% y%’ar gbs. The catal ysts were reduced in-situ 15

Efampl24IRburs with a mxture of nitrogen and hydrogen
Ga%atabhbiNa, 80 CONeIdNGLELALIE BPOLAL oLy Il ogen
[ Fom 0%t o

in the "mxture was gradually 1 ncreased
PIERPRALTRR OlwdYEFotFheRAt MECFBNf 19y TRACHINS gas was kept

cbed HWidQ0M0 pM¥s a0kt uitRgas@duat | @nadde, pressure
was_ i.ncr ased %o 3 barg (ETY %% or. 57 hara (STY
LIFPCLIYREY r SR PO RSO Farf S ofi $H 3 YRFxt ure of
phytdircdgen werd hasbah tonwnoespdeatdie ofp2ge® °tc, nenyi el d
#é%‘@rm%%ﬁ&f%dco&}ftin Bés”gg% hygr.g ggbg,?ﬁ%goggﬂ per
itre cafalyst particles Ylnclu |n% € VoI ds
pPbetsvaenof he bpar ebxl 8bp puraliets werkere@iedséhesttiwity,
£EXPILR8GHs AR WEhIRL RS L AR 295ty drogen gas.
During reduction the relative amount of hydrogen in the
mixture was gradually increased from 0% to 100%. The
water concentration in the off-gas was kept below
3000 ppmv.
Following reduction the pressure was increased to
32 bara (STY 130) or 57 bara (STY 150). The reaction was
carried out with a mixture of hydrogen and carbon
monoxide. The space time yield (STY), expressed as
grammes hydrocarbon product per litre catalyst particles

(including the voids between the particles) per hour, the
Cs+ selectivity, expressed as a weight percentage of the
total hydrocarbon product, and the C; selectivity,
expressed as a weight percentage of the total hydrocarbon
product were determined for each experiment aftér

50 hours of operation. The results are set out in

Table 1I.
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21 Table |

. WD 2004/ 041430

and the O selectivity,

product were determ ned for eachPCT/EP2003/050786
experinment after 30 50 hours of operation.
are set out in
PCT/ EP2003/ 050786 -

The results

Rel ati ve C5+ Rel ati ve

Cl STY selectivity selectivity g/lcat/h (%9 (%
Catalyst B 130 102.2 74.2 150 104.0 86.7 Catalyst C

130 100.2 77.4 150 114.8 78.6

In Table |

the results

regardi ng C5+ selectivityy _resulting fromthe use of

catal ysts B and C are expressed

results obtained fromthe use of catalyst A

(conparative catalyst), i.e.
catalyst Ais taken t

. t he C5+
d2B&e 100%

relative to the

5 selectivity of
Fromthe results it

I's clear
i nvention
formation
process,
(cat al yst

C0
A - In addj

hat the cat AT NeSGh e PL Td G
(B and C) show a higher

of C8F hydr gcasbeortgvikn
HEMC%Q/LO t he 10&%(50nven

ion. the sel

selectivit
heeactdhety T
i onal L tri
activi&%l f or

vSRéHaﬂiQQ.@Qerent

or the
fopsch
obes

tirbaimsEdB
is consid
accordi ng

Eorpasat ¢

O prddlct s
er abl ygé ower

ye caladfyst.

to the i nvention

in tH&-.Bi sch
usiqgy Hhe c
when c
15 T™H¥.e5+ s

br - Tropsth pr
at al ygt parti
bnpared to us
bl ectVVi4y of

DCess
Cl es
ng the

catal yst B and,g@tal y$t C {5 ghi gher th?@_éhat Df
catalyst A and the C selectivitylis ower. The

performance of catalysts B and Cis better even
t hougirabbe BMeUBt rédfuldst fa raBhETd3 sPEEcMQLYE

reactor is smaller for these catalysts conpared to
resulting from the use of catalysts B and C are expressed

relative to the results obtained from the use of

catalyst A (comparative catalyst), i.e. the Cg+

selectivity of catalyst A is taken to be 100%.
From the results it is clear that the catalyst
particles of the present invention (B and C) show a

higher selectivity for the formation of Cg+ hydrocarbons
in the Fischer-Tropsch process, compared to the

conventional TL trilobes (catalyst A).

In addition, the selectivity for unwanted Cj products

in the Fischer-Tropsch process is considerably lower
using the catalyst particles according to the invention
when compared to using the comparative catalyst.

The Cg+ selectivity of catalyst B and catalyst C is
higher than that of catalyst A, and the Cj selectivity is

lower. The performance of catalysts B and C is better
even though the amount of active material per volume
reactor is smaller for these catalysts compared to
catalyst A, due to the higher voidage. Thus, the specific
shape of catalyst B and catalyst C particles enables a

better use of the expensive catalyst material.
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20 catalyst A, due to the higher voidage. Thus, the
specific shape of catalyst B and catal yst C particles

wepmabbes3m better use of the expensive cat al yBtT/EP2003/050786

material. WO 2004/041430 PCT/ EP2003/ 050786 - 22
Exanple 1V Pressure drop experinents The pressure drop
in a catal yst bed packed with catalyst particles of
catalyst B, with an average length of the particles
of 4.5 nm was conpared to the pressure 5 drop in a
cat al yst bed packed with catal yst particles of
catalyst A, with an avergge length of the particles of
4.5 mm The pressure drop in the catal yst bed packed

Ewbiple QFt alysfurB BASY iekbeSimASsa considerably | ower:
t he ressure drop 1 n a colunn packed with catal yst B

was! 0 PT8SGE S0 AT PR el h Pe SR Ay Sar oy iPRcked dtiln packed
catdlystcatat stesAof Rial bt 8,1 @sth tar bivkSadd @ahgthat

he_ sh d . catalys articles according to the
o%ngréentpggﬁl% Serofil gdbflgﬁ‘t’ at)ds C\ﬂ“??wrercg§ﬁeﬁ}?e tRFS5FBES ur e
dgpp pirc enparald/ sttobed mewked hapedcaadlalsy spa pairdiiee! €. WO
chQN&4;x43x9it%ngEEg&%%/eo§&7g%ﬁ of i pgr%iée's MS 1.

El ongat ed shaped particl e conprising two prot PUsi ons
dedcH-eXhENRR9F§ UE R oficandn atisachtell ¥ hedeprakald with
cRE81y}dt0B, paiienesnde @@ﬁgirdékap%iltohgp: I &eal 1 gned

al onlg_ tge | ongi tudi nal axis of the particle, the
PEPOYESSBEPR o 6f C% e PREF] UFE“O??&@EW%QB 86 space
7engorgiassethbdpsstbe dropt ef £dgesm®ipaskdd Ghitel es around

a.central circl each. _of the six circles touching
SRt §hb%ru°ﬂ ﬁéi%ﬁeau&s P gfemkawa}enapm@d
celzisgspareldgei dcsim@ingtio tthe ientiah eifeel e and may
agear‘%atgggh\gptﬁ Qegpgctc%gt B%SS%II‘FCJiIeO 1%ogn§jrécp%ot WO

circles adj acent fo the two alterfatin circles (but

kpeyn thered it lest dagrickrrohi ng the central  circle,
m nus the space occupied by the four remaining
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outer circles and including four remaining
interstitial regions. 15 2. El ongated shaped

w@aeosjogi4s9 conprising one to four additional PCT/EP2003/050786

protrusions, preferably one or two additiona
protrusions, each attached to an existing endstandi ng
protrusion as defined in claim1l1, the additiona
protrusion being defined in the sane way as in claim
1, 20 the existing endstandi ng protrusion beconing the
new central circle, the original central circle
becom ng the ot her protru3|on 3. El ongat ed shaped
particle according to Tldims 1 or 2, having a
cross-section in which the two remaining 25
alternating circlesand, jfy Rresent, the additiona
protrusi ons have di Fneters—# t he range between 0.74
and 1.3 tines the dianmeter of the central circle as

1def}-31r3>%gatécp s‘l:zlaﬁéc.mﬁ%’rtpéfé Q!OQ\BLYS l}.'%t r%t% dogr?s ﬁeés

times the dianeter of the centra C|r e as
eRRN FxdieRfing \iBeRodd @41asePEr/ EPFOG3ADSDTEG1on, 24 4.

vEkpapated shapad peditiiche: AGAEAEANGILAGCHRAI M8 1 to 3,
e .angle betweep the two Ilnes connecti ng

lPﬂ%¥!h§§HFLr§§H§f Fhe'e RETTF e nF iy EOPEre’ctdng ehe
tbenpaaliclei sciupyisg tewepicd@naatbab3@d0py hgfeween 270

e bet ween 110 a 150 or between
o0 ates Seb koL ARt PRI 108309, 01, BRthont e
0§hékﬁx§l¢a¢%¥¢ﬂee bewdridontWe gedbabor ibgt oirkleshavi ng a
wﬁEP§t§'t%cglw}:nbelr‘{@'ccﬂ%cﬁgg atﬁéoa{% 's@g{:]g cflhgrnating

circles and, if present, the additional 10 protrusions
cﬁﬁ%ﬁ?%I?érg%ﬁn9“8|%ﬁ%H9§ra5§a%Wﬁ§ Eentheakeriral eirgte

adef tnedwbNctlcaie dajdeeat efalihg elongatgshsihaped _
g ilcugufln mhbch the two alternatlng circles and, if

07 t sIHar fﬁ?ﬁ%eusf?ﬁﬁ?lﬁﬁetgﬁlﬂ&&ﬁéﬂlto
cthele,cmhnaltrxel Bphee @&cdﬁ:féd’l(b@ tie Eodk Mremai®ingi f

f%%ﬁgs an%slnc udnng four remaining interstitial
regions.
2. Elongated shaped particle, comprising one to four
additional protrusions, preferably one or two additional
protrusions, each attached to an existing endstanding
protrusion as defined in claim 1, the additional
protrusion being defined in the same way as in claim 1,
the existing endstanding protrusion becoming the new
central circle, the original central circle becoming the
other protrusion. ‘
3. Elongated shaped particle according to claims 1 or 2,
having a cross-section in which the two remaining
alternating circles and, if present, the additional
protrusions have diameters in the range between 0.74 and
1.3 times the diameter of the central circle as defined
in claim 1, preferably between 0.87 and 1.15 times the

diameter of the central circle as defined in claim 1.
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6. El ongated shaped particle according to clains 1 to
5, having a L/Dratio (minm), wherein Dis the

wacaamiasl of the central circle as defi ned i npct/aPrmi050786

of between 1 and 25, preferably between 2 and 10, or
el ongat ed shaped 20 particle according to clains 1 to
5 having a length in the range between 0.5 and 15 mm
preferably between 1 and 5 mm 7. Shaped catal yst or
catal yst precursor containing a catalytically active
conponent or a precursor therefore, 25 supported on a
carrier, which carrier_iy)g an el ongated shaped particle
according to clainms 1 to 6. 8. Shaped catal yst or
sCat@loght & @EHPSOMpaAEERILINGoL@inf k8l Bl fimsWheEgi NN the
,con}])%gfng is selected fromelenents of Goup VII'l of
g 881 T IFELPREEY FBC EIENEhReS CPOnpFingr bRy
cehaped ofatd WS pengiatiaysirdleecsid dheWbehi®eial t he

VIl ele t is Fe,..Co or Ni referaply Co. 9.
Cgﬁggg ch g %/es??sgr Ta éﬁ%ﬁ%?’&&ﬁ?%% cc%}?‘gilﬁa to
reederatly hberesinn 110t acdr £5@T drsbetwesir at0 drandoxi de, WO

2%9@4/&%4§9eé%%£%’2%/ QpOJgp - 25 preferably

silica, alumna or titania, nore preferably titania.
510.Elghgpery cheReY Stardictatagicpsdingy éeusboimsadcbe ding to

hak 8haN B cObs S sL@NbAI IH RHi &N tBleCERS i fORPOUNd
selected 5 fromGoup IlA I11I1B, 1VB, VB, VIB, VIIB

adFexnabings cird epepiddild FEHIR tof thh 98 BRI,
pebetesinhkyhsel eateshdd adumdfer/as MMy Btrde,ciPbie Pd or
1. Shap er .acco ' to 6 or a

AQ. 1’5[ eld. aEri dingtq:rclams

d | .
SEatBI S &7 TR ytP ST lrore;L RIS RS claims 7
pagtid(®,10n wihiehekhe tthwe edterrmaitiog ciatcdkysdndiasfbeen
pPR0ENDY cn8XiddiTh 81 Hror LGRS, FOTLA8nDE GRALAL! O Of
acarrler accor |ngto_ CaI.mS to lOI‘ a_cata yst or
ceatary sirptecs defingtcdoraidig o et ailfsagpkisabde, by
dLessi hg, extruding or
6. Elongated shaped particle according to claims 1 to 5,
having a L/D ratio (mm/mm), wherein D is the diameter of
the central circle as defined in claim 1, of between 1
and 25, preferably between 2 and 10, or elongated shaped
particle according to claims 1 to 5 having a length in
the range between 0.5 and 15 mm, preferably between 1
and 5 mm.
7. Shaped catalyst or catalyst precursor containing a

catalytically active component or a precursor therefore,

supported on a carrier, which carrier is an elongated

'shaped particle according to claims 1 to 6.

8. Shaped catalyst or catalyst precursor according to
claim 7, wherein the component is selected from elements
of Group VIII of the Periodic Table of the Elements,
preferably shaped catalyst or catalyst precursor wherein
the Group VIII element is Fe, Co or Ni, preferably Co.
9. Shaped catalyst or catalyst precursor according to

claim 8, wherein the carrier is a refractory oxide,



10

15

20

25

30

15 otherw se forcing a granul ar or powdered cat al yst
or catalyst precursor material into various shapes

waoipaen4i4e@rt ai n condi ti ons, which will ensure ptEEPIN®050786

particle retains the resulting shape, both during
reaction as well as regeneration, preferably by
extrusion. 20 13. Die-plate designed for use in the
preparation of a <carrier or a catalyst or catalyst
precursor according to claim1l, wherein the
di e-plate conprises one or nore orifices in the shape
of the cross-section of 23%he carrier particles as
defined in any of the preceding 25 clainms. 14. Process
for the preparation of hydrocarbons by contacting a
Rrek el YoB 1e BF o i L ipHEk icdet Hifdh iRy drose mrefe b ly
wGakakyst as described in clains 7 to 11, the catalyst
ei optionally activated. 30 15. Process for the
@re%gar i GREDTYSEURY FAAAYY PadEeERFT PEERFINEG to
dpdmnog ashonscaeschi e thn Bl ehaitTotdcontpbunhyskiagerat i on,

AP LSRR TAS A AN A O, WAL OGLRSKING 11T of the
Periodic Table of the Elements, preferably selected from
V, Zr, Mn, Ru, Re, Pt, Pd or Ag.

11. Shaped carrier according to claims 1 to 6 or a
catalyst or catalyst precursor according to claims 7 to
10, wherein the carrier or catalyst has been made by
extrusion.

12. Process for the preparation of a carrier according to
claims 1 to 6 or a catalyst or catalyst precursor
according to claims 7 to 10, by pressing, extruding or
otherwise forcing a granular or powdered catalyst or
catalyst precursor material into various shapes under
certain conditions, which will ensure that the particle
retains the resulting shape, both during reaction as
well as regeneration, preferably by extrusion.

13. Die-plate designed for use in the preparation of a
carrier or a catalyst or catalyst precursor according to
claim 11, wherein the die-plate comprises one or more
orifices in the shape of the cross-section of the
carrier particles as defined in any of the preceding
claims.

14. Process for the preparation of hydrocarbons by
contacting a mixture of carbon monoxide and hydrogen
with a catalyst as described in claims 7 to 11, the
catalyst being optionally activated.

15. Process for the preparation of fuels and base oils
from the hydrocarbons described in claim 14, by

hydrogenation, hydroisomerisation and/or hydrocracking.



