WO 2004/ 041430 PCT/ EP2003/ 050786 - 1 ELONGATED SHAPED PARTI CLE; USE AS A
CATALYST OR SUPPORT THEREFOR FIELD OF THE | NVENTI ON The present invention
rel ates MO BN ass of el ongated shaped particles, UhITERZOBHPITRY es may
be enployed in a wide 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 a catalyst or catalyst precursor,
whi ch catal yst or catal yst precursor is supported on a specifically shaped
carrier, to a process to prepare a catalyst or catalyst precursor from15 a
“shapeabl e dough and to the die-plate used for the preparation of an
extruded eatndraysh SHRPEIAPARYSLE; QISECHS SOCATALNET iRV SVRACOBH THERBHMW tion rel ates
to the use of the catalyst in mass-transfer or diffusion |imted reactions,
20 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

hydr ogenatrirenp diyaupi semmrrs@ati on and/ or hydrocracki ng of the hydrocarbons
whi ch can"be 25 preparéd 1n a Fischer-Tropsch process using the catal yst.
BACKGROUND OFTFRHBTE PERPTIP™ RBLPERS T8 ? MveRdd®s Ynount of work has been
devot ed t @lbhgatiey ehapepbrofcipart wel@s pakhiPaskt heylsy  catal ytically active
parti cl es,em{)%yeréar% gi fferent, WD 2004/ 041430 PCT/ EP2003/ 050786

wide variety of duties, catalytic or nen-

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 limited reactions,
such as the Fischer-Tropsch hydrocarbon synthesis

10 process.

The invention further relates to a catalyst or
catalyst precursor, which catalyst or catalyst precursor
is supported on a specifically shaped carrier, to a
process to prepare a catalyst or catalyst precursor from

15 a shapeable dough and to the die-plate used for the
preparation of an extruded catalyst or catalyst
precunxsor.

The invention in addition relates to the use of the

J(. catalyst in mass-transfer or diffusion limited reactions,
| 20 as well as to the products prepared by using the
catalyst.

The invention further relates to a process to prepare
fuels and base ¢ils, by hydrogenation, hydroisomerisation
and/or hydrocracking of the hydreocarbons which can be

25 prepared in a Fischer-Tropsch process using the catalyst.
BACKGROUND QF 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



2 processes. There has al so been a considerable effort to try to
under st and the advantages and sonetines disadvantages of effects of shape
when devi ahig@oei60M0 conventional shapes such as pell et s, PCUEROEEI#6es and
5 cylinders for use in catalytic as well as non-catalytic 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. Many comrercial catalysts are available in TL
(Trilobe) or Q (Quadrulobe) form They serve as alternatives to the
conventional «cylindrical shape and often provi de advant ages because of
their increased surface-to-volune rati o which enables the 15 exposure of
nore catalytic sites thus providing ifore active catalysts. An exanple of a
study direc o effects of i fferent_ shapes on,cat tic performance can
be found i nbggﬁéssfgt'i o eerebga?.%okgegrﬁaa ﬁ.ongé e'Brrattj)lljene .rthtBan Petrol. 20

I nst., Vol. t28, tdNanddrste@80thpayyanéi: 23}, semtinked

"Hydr odesul phyr i i i, Vi of i n- | indrical Shape".
In this art Ptg%e‘h‘za%tﬁégﬁe%ﬁ gﬁ%‘%//tes géfggﬁggc%?cé?&eylfag%\}\%i ch"non- cylindrical

ext rudat es wervenfrigssl shapesoviclofasspedisttsi cabdquadheteabesd asymmetrical 25
quadrqul obes . Il S AVAN i t t wi th nom nal

di ames'tjers ofc?il]?q%%e,rﬂsl.%S‘Jg%dlx\%dltfa?ﬁg% é%/\%?‘[e?'!ltggElsst ggéi %é%qgﬁglcl bench scal e
unit on théPFi¢sdrodesul phurisation activity (12 % MO3 and 4 % CoO on
gama al un na) . planph &s CANGLEdRA a1t biu30sREtdLlaget PRlgd he HDS activity is
strongly correlated with the geonetri cal surface-to-v& une ratio of the
catal yst p&reYeTie8fputdumRgépr micht -sharast apysicleRape. ' -

Considerable efforts have been devoted to the so-called

10 “polylobal”-shaped particles. Many commercial catalysts
are avallable in TL (Trilobe} or QL {Quadrulobe) form.
They serve as alternatives to the conventional
cylindrical shape and often provide advantages because of
their increased surface-to-volume ratio which enables the

15 exposure of more catalytic sites thus providing more
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.

20 Inst., Vol. 23, No. 4, 1880, pages 26B-273), entitled

“Hydrodesulphurisation Activity of Catalysts with Non-

Cylindrical Shape”. In this article experiments have been
described in which non-g¢ylindrical extrudates with cross-
sections of symmetrical quadrulobes, asymmetrical

25 guadrulobes and trilcbes 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 3wt Co0 on gamma alumina). It is concluded in this

30 article that the HDS activity is strongly correlated with
the geometrical surface-to-volume ratio of the catalyst

particles but independent of catalyst shape.



WD 2004/ 041430 PCT/ EP2003/050786 3 In EP-0,220,933, it is described t-hat

t he shape of quadrul obe-type catalysts is inportant, in ] wth
respect t&QA2PW8HdHtnon known as pressure drop. From thgegétgﬁyﬁgﬁ?hl
evi dence provided it appears that 5 asymretric quadrul obes suffer |less from
pressure drop than the closely related symetrical quadrul obes. The
asymmetrically shaped particles are described in EP-0, 220,933 by way of
each pair of protrusions being separated by a channel which is narrower
than the 10 protrusions to prevent entry thereinto by the protrusions of an
. adj acent particle. It is taught in EP-0,220,933 that the shape of the
particles prevents themfrom "packng" in a bed causing the overall bulk
density of the catalyst bed to be |low 15 EP-0, 428,223 di scl oses that the
catal yst parti&p ésP'Owé%Ort?é% nit He Heppridfedcyhehddres shawd lodw cyl i nders, for

exanpl e cyldundes fohavipe Ataepsédlishohbow spacs, which-bas a radius of
bet ween O.fhandu0.4 o?ﬁthe ragiuslgf t%e acyfind?%fgg%ralght or rifled
(twi sted) tHEPobEPecHr tRfe PRENYIENORe kBPHE R ST BYpstdiesdremedzion US- 4, 028, 221.

Trilobe exheudatas mahasavdated Bt eh&d iedaphdy.Q, 28 147 discloses a
hel i cal | obed, golylobal extrudate particle having the outline shape of
thret or POYFSEILmALaHRIIPLEF | SPASEndeShAGO™t PRESERFe FFoRext rusi on 25 al ong

the | engt h tabnt tiee pAbLET) @edBbled tsymiSEr A 18 gead AlSBES OrTHEAt al yst support, in
particular as a catal¥s r cata,yi upport in hydrotreating operations.

The hel i c&1°YERRle 6f ¥hﬂm§8?a??§¥ﬂ %52 10 EETEWGcé t he pressure drop
across fi xep-beel 0,86t by valyhoougtthwbbh X0 prbgtiid caBdb®inggas reactants are
passed. In Lhis vay,, $TBLEL) GALAYSE RALLLEL 68,.6ap,0e enployed in a given
( 10 protrusions to prevent entry thereinto by the protrusions
of an adjacent particle. It is taught in EP-0,220, 933
that the shape of the particles prevents them from
“packing” in a bed causing the overall bulk density of
the catalyst bed to be low.
15 EP-0,428,223 discloses that the catalyst particles
may be in the form of cylinders; hollow cylinders, 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
20 of the other forms disclosed in U5-4,028,221. 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
25 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
30 liquid and/cr gas reactants are passed. In this way,

smaller catalyst particles can be employed in a given

reactor design to meet the pressure drop requirements.



reactor design to neet the pressure drop requirenents. WO 20041041430

PCT/ EP2003/ 050786 4 Since many of the findings in the art are conflicting
and pressum® sinopsipsobl ens continue to be in existence, BSPEEIGANIPTHhen
surface-to-volune ratios are increased by reducing particle size, there is
still considerable room5 to search for alternative shapes of (optionally
catalytically active) particles which would dimnish or even prevent such
problens. It has now surprisingly been found that specifically shaped
particles offer unexpected and sizeable advantages conpared with
conventional 10 "trilobal", cylindrical or quadrul obal shaped particles,

both in catalytic and non-catalytic duty. SUMVARY OF THE | NVENTI ON El ongat ed
shaped particle conprising two protru5| ons each extending fromand attached
to a central p e e posi ti | i gned al ong the
| ongi t udi nal ag?gé%%nﬁeééa% g?h& t helg‘ratg{ss 550??40509?11%#2‘ part| cle
occupyi ng tdal 999@@@1@@%&9{3@@6@ qong ipes o bedgesxaftsnce.ci rcl es around a
central cir font X &l i ring circles
whi | st two 26’%§Ilf§gfﬁnat“q}eﬁ ngrlfrac%eeg&a\{oceihg%uﬁlﬁ%{ga%tget%%%%%%%?al circle and
may be att atifeEing RIS igéntTide. chhetce 1saflth theorapdergble| eaPmdj acent to the

two glternaid REactk CABS af PentQbe §Hla%e§081m(fbp@|16ﬁ$ﬁ)y touching the central
circle, mnus the space occupied the four remaining outer circles and 25

i ncl udi ng f‘Eﬁ}ralVE%@‘?]rﬁYnéth‘feér ??F‘H%llesr BB} Sharovl HeiAiPER) BSCRI PTION OF THE

| NVENTI ON |dvenS pkaent tshah ghdienpe 1@f heeacd @nspmlelalpemurr e solid porous
cat al yst pa{él cles are 1 of diffusion of the

en limted
reactants ift9% F\Eatcastp§lc§lt’tcaf§éyp5}r‘ame€1 \éaﬁfrlcblfs gf?%tué?eé?e‘?ﬁ‘ﬁdf usi on of the
evolving and sizeable advantages compared with conventional
10 “trilobal”, cylindrical or guadrulobal shaped particles,
both in catalytic and non-catalytic duty.

SUMMARY OF THE INVENTION

Elongated shaped particle comprising two protrusions

each extending from and attached to a central position,

15 wherein the central position is aligned along the
longitudinal axis of the particle, the 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

20 alternating circles are equidistant to the central circle
and may be attached to the central circle, and the two :‘“Fﬁy
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

25 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 intc the catalyst

30 particle or by the rate of diffusion of the evelving
products out of the catalyst particle. Accordingly,
catalyst particles which display a high surface-to-volume

ratio are advantageous.



products out of the catalyst particle. Accordingly, catalyst particles

whi ch display _a h;gg surface-to-volune ratio are advantaﬁﬁﬁgﬁ. V%l

2004/ 041430VPeAHEPIH3/ 050786 5 It has been found that A030ygge
particles according to the present invention have a |arger surface-
to-volune ratio than correspondi ng conventional cylindrical or "trilobal"
particles of simlar size and 5 suffer substantially |less from pressure drop
t han such correspondi ng conventional cylindrical or "trilobal" particles.
The shaped catal yst particles of the present invention can be fornmed of any
suitable material provided 10 it is capable of being processed in such a
way that their intended shape is obtained. Methods of preparing such shapes

i ncl ude pressing, extruding or otherwi se forcing a granular or powdered
catal yst or cat¥dl yss peacfiosod thedt eh¢ alatehyst \mrkdosesshapes under certain

condi ti ons, ,LooGhe i de GRSLLE LAkt RACLIChE Lol alng Lhe resulting

shape, both duringreaction as we during Tégeneration. Preferred
cat al yst paterediaeagebidithgnt epntespprdig@nconyentértabn have a cross-section

in which theying ieaRi bi R ri20pal4 ehbalding ckrahes pave diageters in the
range between 0.74 and 1.3 tines the diameter of the central circle,
prefetably Befi®efushtdsdly. 1% iffeR RUFESHFQIfBer tin susb central circle.

More pref er cegr&aicaly sy dpivkehel 8s1aes0ithiiigal bt e 2GQAresent invention are
t hose having a cross-section in which the two remaining alternating circles

have the safB tifik§feter as the central circle, with nost preference given
to particles hamienghaped @atasest ipartidlashibghtkd@resent

‘?' invention can be formed of any suitabie material provided

10 it is capable of being processed in such a way that their
intended shape is obtained. Methods of preparing such
shapes include pressing, extruding or otherwise forcing a
granular or powdered catalyst or catalyst precursor
material into various shapes under certain conditions,

15 which will ensure that the particle retains the resulting
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

20 alternating circles have diameters in the range between

‘ 0.74 and 1.3 times the diameter of the central circle,
HQ preferably between 0.87 and 1.15 times the diameter of
the central circle.
More preferred catalyst particles aceording to the
25 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

30 central circle.

In Figure 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



two remaining alternating circles are attached to the 30 central circle. In
Figure 1 a cross-sectional view of the preferred particles according to the
i nvention hge Jeanigepi cted. The surface of the cross-seddmmhosizape

(i ndicated by WO 2004/ 041430 PCT/ EP2003/050786 6 the solid line) can be
described as defined in the main claim It will be clear fromthis figure
(depicting the <cross-section of the preferred 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
central circle and may be attached o_the central circle. The two circles
adj acent to the two alternating circles (but not 10 the common circle) touch
the central il clig T0Ge FORSnSCHJIANLEh dd18eREAIPHEMPALIC! €5 15 built

up fromthree circles (the central circle and two ‘&l terna i ng outer
circles) togdeher It vhlirhe cdanr aireast(i8y figrped(dppichéng ndleusi ons of the
central ci r@r%sslsi&@enfaf/ech@u Péfe(i'r'éﬁl 5zt ;27RO0 MYChn LR two al ternating
outer circles, the two alternating outer circles each touching two adjacent
outer circl &Sncapl ofi A% tiFeLepatle eawed upized 2byInate arewrd reemai ni ng circl es.

For the purpeserapfcitbis dmvantion sihe éngl vstonwiebithsocrptral circle 20
and five outer circles, anong which the two alternating outer circles are

referred to &S SfheErghPey® ICléF%%t%'a“d The EeR6TFErfdinsiRg Wiétnat i ng out er
circles are tweqamchrslhamﬁg tad rebes cart eghidigtahe. ta'ftexet gemtrAqui di stant" as
used herein refgrs t,0 nst ance that.the |st nce between the

centre of tH&*® %rﬁ'}daf“a% rchP gt?%’gﬁé%%’i CEnsFA b Isre 9f8r circles

circles adjacent to the two alternating circles (but not
10 the common circle) touch the central circle.

The cross-section of the preferred particles is built
up from three circles (the central circle and two
alternating outer circles) together with the four
areas (3) formed by the inclusions of the central circle

15 and five outer circles, among which the two alternating
outer circles, the two alternating outer circles each
touching two adjacent outer circles, and minus the space
cccupied by the four remaining circles. For the purpose
of this invention, the inclusions of the central circle

20 and five oputer circles, among which the two alternating

outer circles are referred to as “interstitial areas”. Ty

The two remaining alternating outer circles are
equidistant to the central circle.
The term “equidistant” as used herein refers to the
25 circumstance that the distance between the centre of the
central circle to the centre of one of the ocuter 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.
30 For the purpose of this application the term
“equidistant” may compriSe deviations up to 20% of the
distance, preferably up to 10%, more preferably up to 5%.

In the most preferred embodiment there is no deviation.



.is equal to the distance between the centre of the central circle to the
centre of either one of the other renmaining outer circles, 30 For_t?e

pur pose of WRRYIEEPY cation the term "equidistant” may cOhPFEFEE RN ati ons
‘up to 20% of the distance, preferably up to 1D% nore preferably up to 5%
In the nost preferred enbodi ment there is no deviation. WO 2004/ 031430

PCT/ EP2003/ 050786 7 The circunference of the preferred shaped particles
according to the present invention is such that it does not contain sharp
corners. The two protrusions and the central position together 5 formthe
cross-section of the shaped particle. The main part of each protrusion is
fornmed by one of the alternating cirickes. The main part of the central
position is formed by the central circle. The interstitial areas are

di vi ded bet idencthranfenercd ofOothoginefenreshdhihed megttioseon by a |ine

per pendi cul Jecb@as 1ol LAE RBBRCHI AL DS, GENLEL, RALBL Lladdle central
circle and the center part of the alternating circle. The per pendi cul ar

| i ne crosseAhERGAIMeERITy PrARTAt a point exactly in the mddl e between

the two center pgpinke bse&ukZohs HHE thh- cINGaRr SEERL oh V& does not
relate to elongated shaped particles or catalyst or catalyst precursors in

whi ch®any off ¥ RethefFrar-§tdreschdd et Rared BRTHTE -pFbe Midsitons. Thus,

trilobe, quathl ebeaehCprairisiexcddideeme@bylbgesdraped particles of the
present inventions . inclu esparti cl es conprising one to four additional
-

prot rusi ons,* JrEFerES §1 5 o BRI HEIPET 04l CPPr&ttEet ons, each attached to
an exi sti ng prdstandisngorgrdbyush®rceas radefdinedei mrne ai m 1, the additional

i( interstitial areas are divided between the central

10 position and the protrusion by a line perpendicular té
the line connecting the center point of the central
circle and the center part of the alternating circle. The
perpendicular line crosses the connecting line at a point
exactly in the middle between the two center points {see

15 figure 1}. The present invention does not relate to
elongated shaped particles or catalyst or catalyst
precursors in which any of the central circles has three
or more protrusions. Thus, trilobe, guadrulobe etc. are
excluded.

20 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

25 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

30 figure 1b. These additional protrusions are not attached
to any central position, i.e. multilobal structures as

trilobes are not included.



25 protrusion being defined in the sane way as in claiml1, the existing
endst andi ng protrusion becom ng the new central circle, the original

central ciRgheylIRGABA NG the other protrusion. A cross sepCTmR2aB/ 051766
particles 1ncluding additional protrusions is depicted in 30 figure |b.
These additional protrusions are not attached to any central position, i.e.
mul tilobal structures as trilobes are not included. WO 2004/ 041430

PCT/ EP2003/ 050786 - 8 An alternative way of describing the preferred
particles of the present invention is to depict the cross-section of these
particles as being built up from three or nore circles, in which the angle
between the two 5 |ines connecting the_centers of three adjacent circles is
bet ween 90 and 180 or between 180 and 270; preferably between 110 and 150
or between 210 gR0:13300a DL wahl &F &edblyn R0 ¢ RE ;%:AEIQE:IE& shaped particles
according to the invention can® 10 conpris€ particles having only one

addi ti onal PestiassoORL the RFEFENE| EYeRAiPMg sato| @ersictt Woe addi ti onal

prot r usi ons,croQk- Baotlibhess Ahelot PaitiRess Ofs BRNLL GLAES PRt GheS. It will be
clear that m nor deviations fromthe shape as defined are considered to be
within the 658 oF MKE i lspesthtvhiifberitd RILE Patvecr e Wivere t he :
catalyst or 16atal ¥&ineRt eR4INIQr cOhtd e ofr B5QRL shyaNki enréfePrigpared by an
extrusi on process, dje-plates are used. It is known to those skilled in the
art to manufPEEreTe W eggﬁja]taé’s hRAMGEBNER br 2RBr e’ hol BECT$FAHRE shape of the
particles 2®eaceern dilng todtlse °pseInivebRnVEITC aRd axed Whinéke t 0l erances can be

expect ed ing?:re?q:éé:l% \i\/%n cprr(rggpci ng such die- plates. In this respect it is

observed th Re pressure ease imredi ately after extrusion may result
in The shaped particles according to the invention can
10 comprise particles having only one additional protrusion,

or particles having at least two additional protrusions,
or mixtﬁres of both types of particles particles.
It will be clear that minor deviations from the shape

as defined are considered to be within the scope of the

15 present invention. In the case where the catalyst or
catalyst precursor of the 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

20 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

25 deviations are within 10%, preferably within 5%, more
preferably within 2% with respect to the diameter of the
cifcles in the ideal shape as defined in the present
invention.

After a typical process of preparation of the

30 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



deformation of the extrudates. Usually the ninor 25 deviations are within

10% preferably within 5% nore preferably within 2% wth respect to the
di ameter oWQ HEWEHIL| es in the ideal shape as defined inpcf]HEP‘ﬁ'ng’é'm(’

invention. After a typical process of preparation of the 30 catalyst or
catal yst precursor particles of the invention, between 10% and 100% of the
nunber of particles produced should have a nom nal dianeter with a
deviation of |less than 5% of the ideal shape as defined WO 2004/ 041430

PCT/ EP2003/ 050786 9 in the present invention. Preferably, at |east 50% of
the catalyst particles should have a nom nal diameter with a deviation of
| ess than 5% of the ideal shape as-def“ned in the present invention. 5 It
is possible to produce catal yst particles according to the present

i nvention, Wwhitdle pkseerdonbeentioonePorfemsbky haltesdeasorigst be dength of the

particles. I.ns ; ticle . caont.ain one or, nore holes in
the area foér:%eac}fgg ’%ﬂlgﬁgéﬁ% P&grlogiglﬂll%cfer% ??ﬁlenageﬁ ?rz"fftefowéjlérl’ e in the
cross-sect i 8¢Vigitven ¢h lpsgutianl papkl/tde beeal shaperss hielfésed n one or nore of
the al ternatj rkg,ec%g&gﬁr $nvdddignal ternating circles in the cross-section
given in Figure 1). The presence of one or a nunber of holes causes an 15
i ncr @ase of thétsuif fRRSEIPSE VST BReIweR iCatahyth peatipkdsnci pl e al | ows exposure

of nore catatydrd@ngi t€Ehangredddt JNertdsK, IS §XPOUNEat® i Ncom ng charges
whi ch may work advant %geously froma catalytic point of view. Since it

becones i ncPRasKnPYe dIF£P ct 9t P HrisIgER PblghewP2otisdeet cTYs as their size
becones sneih&fanick, i SheppateldRd ch® diS€aPOrQUS oRahbdiChesewi fihout hol es when

Sqaller SIZE%% area formed by the central cylinder (the central

10 circle in the cross-section given in Fiqure 1) and/or one
or more holes in one or more of the alternating cylinders
{the alternating circles in the c¢ross-section given in
Figure 1).

The presence of one or a number of holes causes an

15 increase of the surface to volume ratio which in
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

20 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

25 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 velume of the pores
ingide the particles are not included in the voidage).
The particles used in the experiment to be described

30 hereinafter had a voidage of typically 58% which is
substantially above that of the comparative “trilobal”

particle, the voidage of which amcunted to just over 43%.



are desired for certain purposes. It has been found that the voi dage of the
catalyst particles according to the present invention is well 25 above 50%
(voi dance R fagusiefdoned as the volume fraction of the opRGIEPHEEIBIsent in
a bed of particles outside the particles present, i.e. the volune of the
pores inside the particles are not included in the voidage). The particles
used in the experinent to be described 30 hereinafter had a voi dage of
typically 58% which is substantially above that of the conparative
"trilobal™ particle, the voidage of which amounted to just over 43% WO
2004/ 041430 PCT/ EP2003/ 050756 - 10 The catal yst particles according to the
present invention can be described 85 -having a |l ength/dianeter ratio (L/D)
of at least 1. The dianeter is defined as the dianeter of one of the 5
circles depictethd maftiafgygte phrtTteed angbihdiof thetiibali:tr'bgé@s conprising one to
f our addItI%n ntiorotru orasésls de |ne as th he dis gace bet ween the tangent
line that toud a frrst prot |ons andq @ }ﬁ’éqt%‘ afTMei®% o this tangent

| i ne that tma(ches(la[DSeebrﬂj: 1@aptoltru5| on, the second protrusion being the

protrusion fari f.r.o he firs r ion,. see Figure 2. The
particles accor d’beng £0"the pr g‘é%n eq ﬁf/e{}felng(rilglggn 89e°UE Lc7tj %Hﬁ t he range

bet ween 1 ardrgbes Iﬂleﬁfiet%l:bliyl fitnere garticl es according to t he present

invention have @)eul@ngéﬁ afntm g&&@@e?eéaaﬁ%s cfo%'ad 30fo re preferably in
the range between 2 and . For exa icles use in the

exper i ment taéidb%“d@écpr‘b@dlsﬁéﬁél%mfdﬁélln%d!satbﬂﬁl&iﬁna‘bdmt@es The length

of the partitgbegaddenaCepidanae Widhebhg £i2QtPheSEMsibRYEMd @n is suitably ln_
t he range between 1 _and B
line parallel to this tangent line that touches a second

10 protrusion, the sececnd protrusion being the protrusion
farthest away from the first protrusion, see Figure 2.
The particles according teo the present invention can
have a L/D in the range between 1 and 25. Preferably, the
particles according to the present invention have a L/D
15 in the range between 1.5 and 20, more preferably in the
range between 2 and 10. For example, the particles used
in the experiment to be described hereinafter had a L/D
of about 2.5.
The length of the particles in accordance with the
20 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
25 may be selected from any of the suitable refractory metal
oxides or silicates or combinations therecof known in the
art. Particular examples of preferred porous carriers
include silica, alumina, titania, zirconia, ceria, gallia
and mixtures thereof, especially silica, alumina and

30 titania, especially TiOj. These particles may contain one

or more catalytical active metals or precursors therefor.



25 nm preferably in the range between 2 and 20 nm depending on the type

of appli caw?og(wg@éh?fged. The shaped particles according Lgphpgg&%g%leon

are _suita om a porous carrier. The porous carril

‘selected fromany of the suitable refractory netal oxides or silicates or
conbi nati ons thereof known in the art. Particular exanples of preferred
porous carriers include silica, alumna, titania, zirconia, ceria, gallia
and m xtures thereof, especially silica, alumna and 30 titania, especially
Ti Q2. These particles may contain one or nore catalytical active netals or
precursors therefor. W 2004/041430 PCT/ EP2003/050786 - 11 1In one

enbodi nent of the present inventionllthe shaped particles nay be used as
carriers for Fischer- Tropsch catal ysts. The preparation of hydrocarbons
from a gaseous In5ong @ampedipeHpofsthe rReesbon imyrokide ahd hydr ogen by

contacting tis,du gbe 1wt Ra@ ealidbySds gbr£lH\atksd pigpperature and pressure
is known in ]ﬁ?]pe I?terlature ?1}2 t he Fi'sschef-Tropscﬁ Eélf%'ltg%gsi s. Catal ysts used

in the Fi scRETRSFPOPRGTYSYAt hesis often 10 conprise one or nore netals from
Goup VIII of tie pRe/dradien abhoabedrbenf! &L SgaRidsonal Iy in combination
with one or nore netal oxides and/or other netals as pronoters. It is nost

desi rabl e t B EMBEOGOPHEGRP Y- HPPRCIIMx1de sandh haFyegen BY terns of the

Fi scher - Tr opsetacpt 0¢ e3®, maxtddegRliyh ef fdagb et @@t al¥sdtegs one whi ch exhibits

not only a_hi L activity for the &&‘révgr_si on of carbon nonoxide

chhdh Level, of actiNity for the, -
and hydr ogef™ 6 "Ry 8T 0 A pBRT S B&t 131 FER Hi eHT R IGF SRl ectivity to
hi gher nol ethe dhshyelr-doapbomssyn2@esis parti cul ar C5 hydrocarbons and | arger,
hePceforth Catalysts used in the Fischer-Tropsch syntheais often
10 comprise one or more metals from Group VIII of the
Periodic Table of the Elements, opticnally in combination
Wwith one or more metal oxides and/or other metals as
promoters.
It is most desirable to employ a highly efficient
15 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,

20 in particular Cg hydrocarbens 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
25 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.
30 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



referred to as "C5+ hydrocarbons”. It is taught in the prior art that the
efficiency of a catalyst in general increases as the size of the catalyst
particl e degkoeammsiszfurther, catalysts should 25 show a hiPgT/RPRHBIBEBY, . e.
deactivation should be very |ow The Fischer-Tropsch synthesis may be
carried out wusing a variety of reaction regines, for exanple a fluidised
bed reginme or a slurry bed regi ne. 30 When using a process enploying a fixed
bed of catalyst particles, a major consideration in the design of the
process is the pressure drop through the catal yst WO 2004/ 041430

PCT/ EP2003/ 050786 = - 12 bed. It is nost desirable that the pressure drop
should be as |ow as possible. Howevey, it is well reported in the art that,
for a given shape of catalyst particles, as the size of the 5 catal yst
particles i f i h correspondi ng i ncrease in
pressure droq)p?%t htrec()ggh;‘?ﬁt &gét?g Egghgtédgﬁe‘rﬁﬁsgu ee%g:ogx?% gdn conflict in
the design &f Bpxe¥ agapatsidls. beds when trying to achieve a satisfactory 10
| evel of “catal vyt clency uhl | lookeeping chic, i RRSUI eoi0p Lhrough the
bed to a mininum In addition to the above, e catal yst partlcles shoul d
be suffici eiV§n sthe®fgof Fadrdivat iridddried aat the tSige afdifr br eakage.

Especsal |y idathiyad phedscidie ih5abrildedChash sSte@nadd) shewt didbeg (very) high,
as beds are wused in conmercial reactors of up to 15 nmeters high.

Especi al | y &P ATPINGHEr EHHEBFetHbfﬁ@ﬁsTﬁ%dﬁP%s@UF@QPsth%ery hi gh and the
strengths ofcattheystatabyst particles plays an inportant part. This is an
addi ti onal Thus, there exists a conflict in the design of fixed
catalysts beds when trying to achieve a satisfactory
10 level of catalyst efficiency whilst keeping the pressure
drop through the bed to a minimum.
In addition to the above, the catalyst particles
should be sufficiently strong to aveoid undesired
attrition and/or breakage. Especially in fixed beds the
15 bulk crush strength should be (very) high, as beds are
used in commercial reactors of up te 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

20 complication in designing further improved catalyst

particles. RS

A still further complicating element is the
manufacturing process of catalyst particles. There is a
need for a fast, relatively inexpensive and suitable.

25 manufacturing process which will enable the preduction 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

30 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



-20 conplication in designing further inproved catalyst particles. A stil
further conplicating element is the manufacturing proces |

particl es. @N@mfgg% need for a fast, relatively inexpeﬁgﬁégﬁﬁhﬁﬂﬁﬁ{table
25 manufacturing process which will enable the production of catalyst
particles in large quantities. One exanple of such a comrercially avail able
manuf acturing process is an extrusion process. Simulations show when using
t he shaped particles of 30 the present invention as catalyst carriers in
the Fischer-Tropsch hydrocarbon synthesis, the CO and/or H2 diffusion
limtation is considerably |less conpared to the WO 2004/ 041430

PCT/ EP2003/ 050786 13 case where {clohventional) tril obe shapes are used,

| eading to a better selectivity. The inproved performance when using the
extrudate SRapEdSE {eRNvSnEseMl)i fvehehoshaBesatrgl ysedcarriers is 5

expected to;extanfl tb0a ObdIRE M 8&1LIJtQPS Whi ch are internal - nass-transfer
limted. An inportant advantage when using the shaped particles of the

present inventiBif a8PEATA PstieErancershen psing thesekerudptepsch hydr ocar bon

synthesis i ghhpes B eROSIAREAD! Sve@dUsh AN chPaif® RLESSIME;drop through the
reactor bed. This reduction in pressure drop offers substantial advantages,
since it isSKBeT HesPr &bisRdt hatCtheRer PSP e itk dp a8Rotit¢ Balas | ow as
possi bl e. | maagdidaneer theiexsir uded shaped particles of the 15 present

i nvention displ .an inmproved crush strength _ conpared to tril obal shaped
extruded parti c}?%slﬁp%{r%&vgrYa%tagqgoﬁg%%fngPeEkfﬁ \%Fi}e‘gnd a good stability
i s obt ai nedpaFuidleer pftite parterd esvaneisguhbi carllyky carriers

( in the Fischer-Tropsch hydrocarbon synthesis is the
10 considerable reduction in the pressure drop through the
reactor bed. This reduction in pressure drop offers
substantial advantages, since it is most desirable that
the pressure drop should be as low as possible,
In additicon, the extruded shaped particles of the
15 present invention display an improved crush strength
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.

20 The catalysts of the present invention, especially
for use in the Fischer-Tropsch process comprise, as the
catalytically active compeonent, a metal from Group VIII
of the Periodic Table of the Elements. Particular
catalytically active metals include ruthenium, iron,

25 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 guantities of paraffins, more preferably
substantially unbranched paraffins.

30 A most suitable catalyst composition for this purpose
includes a cobalt-containing Fischer-Tropsch catalyst.
Such catalysts are described in the literature, see e.g.
AD 698392 and WO 99/34517.



strong and can easily be nade by extrusion. 20 The catal ysts of the present
i nvention, especially for use in the Fischer-Tropsch process conprise, as
the catal woaadsdoyracti ve conponent, a netal from G oup VIPCI/ERIGO3HREI86
Periodic Table of the Elenents. Particular catalytically active nmetals

i ncl ude ruthenium iron, 25 cobalt and nickel, nore preferably cobalt.

Conbi nations of two or nore conponents are also possible. Preferably, a
Fi scher-Tropsch catal yst is used, which yields substantial quantities of
paraffins, nore preferably substantially unbranched paraffins. 30 A nost
suitabl e catal yst conmposition for this purpose includes a cobalt-containing
Fi scher-Tropsch catal yst. Such catahysts are described in the literature,
see e.g. " AU 698392 and WD 99/34917. WD 2004/ 041430 PCT/ EP2003/ 050786 - 14

Preferred hydrogasfnaaepus:Jeaedsnd QoukheedisCRBE OB refl - SiYNESI S gas are
natural gas or associ ate as. As these feedstocks usuallg result in
X

. gas. (
synt hesi s g&& RAVFIRFLISHIP TR HeafPbuER o286 | % @seacdatashigapt a very good 5

Fi scher-Tr Opﬁﬁae%eﬂsyahka&malr5ﬁsdlat i9 ythbb S Ja¥PRavHig catal ysts is
al so cl ose to/2. The catalytically active netal is preferably sup- ported on
a porous cartd’&P. THHE FoP ol °CEr FP et f8Y2He 15s8| ¥ei¥edPPom any of the

sui tapl e refFacheryr kel Q498t 1% %ES%A;JIC%%OO%IC%@L nafdons thereof

known in the art. Particular éxanples of preferred porous carriers include
silica, alufth&ata1n34di &5 sc6APSE %erRia, gallia and mixtures thereof,

especi al |y silicgre @ltulifacAng Litanl aetaPSRepratd plyRupl5 The anount of
catalytically active netal on the carrier for optinum perfornmance is
pref erably iﬁ%rﬁﬁg on a porous carrier. The porous carrier may be
selected from any of the suitable refractory metal oxides
10 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 TiOj.
15 The amount of catalytically 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 phw.

20 If desired, the catalyst may also comprise one or

more metals or metal oxides as promoters. Suitable metal t 'ﬁﬁ;

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.

25 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

30 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



-range of from3 to 300 pbw per 100 pbw of carrier material, nore preferably

from10 to 80 pbw especially from20 to 60 pbw. 20 If dgsi
cat al yst nﬁgpéﬁ"}é\l“éﬁ%pri se one or nore netals or netal ogﬁ?@ﬁﬂvg@%?%ﬁmters.

"Suitable nmetal oxide pronoters may be selected fromGoups II1A [11B, 1VB,
VB, VIB or Goup VIIB of the Periodic Table of the Elenents, or the
actinides and | anthanides. 25 In particular, oxides of magnesium cal ci um
strontium barium scandium yttrium |anthanum titanium zirconium

haf nium cerium thorium uranium vanadium chrom um and nmanganese are
very suitable pronoters. Particularly preferred nmetal oxide pronoters 30
for the catalyst used to prepare hedwy-parrafins are nanganese, vanadi um
and zirconium oxide. Suitable nmetal pronoters may be selected from G oups
VI1 B or VII|Elgienthe Fegriiggi csiflatsireand Grivep\WI R2004b0D4 Iwkd@ 1RPCT#£P2003/ 050786

15 EH enent 5, £henbupg Siilt¥Bie and FrouR s¥Lh! . 0phle, tetal g are particularly
suitable, wth platinum and pall actil um being especially pré‘?%rred. The
amount of pPePRtiER lpresdREreR- the catalyst is 5 suitably in the range of

fromO0.01 to 1G@ePhMburt efepAtioter OpredeRt40n (1R @apgﬂfsq:r qply 1 to 20 pbw,

per 100 pbw of carrier. The nost preferred pronoters are selected from
vanadi um nERYEREYeln rHENEaRTe Afr E67M ImCAnte pi%t PRUmM AT Ieyilely of t heir

ability to produceo| angreCpabrenar afdd 29. pdd, Hee €66 gt beal |y active netal
and the pronoter, if, present, ma\F/ be degosited on_the carrier material by
any sui t abF& ti8at MERCSEURTE PR IRAEF DA Sk A9 838 ng  and

m xi ng/ ext r ushahium/f teigatdepesi tHeanudf Aieoneinlanangd)zdifmuappropri at e,

'( view of their ability to produce long chain n-paraffins.

10 The catalytically active metal and the promoter, if
present, may be deposited on the carrier material by any
suitable treatment, such as impregnation, mixing/kneading
and mixing/extrusion.

After deposition of the metal and, if appropriate,

15 the promoter on the carrier material, the loaded carrier
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.

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

Other processes for the preparation of

25 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.

30 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



15 the pronoter on the carrier material, the |loaded carrier is typically
subjected to calcination. The effect of the calcination treatnent is to
renove cr s alo4ausr, to deconpose organi ¢ conmpounds andPCUEPZOBNENE6

i norgani c conmpounds to their respective oxides. 20 After calcination, the
resulting catal yst may be activated by contacting the catalyst with

hydr ogen or a hydrogen-containing gas, typically at tenperatures of about
200 to 350 C. Ot her processes for the preparation of 25 Fi scher-Tropsch
catal ysts conprise kneading/mulling, followed by extrusion,

drying/cal cination and activation. The suitable material for the shaped
catal yst particles should be proces?%d in such a way that their intended
shape is obtained. 30 One exanple of a processing nethod is an extrusion
process, whgreigy ﬁo§@%}e%me %QQI R %P?b%yneq?m}wﬁ:}e@lg one or more
sources for one or nore of e cata ytlca y active elenents, and

optional ly b?fera@rwﬁbr@*@@upée@fﬁf@ﬁtm 26048 0230 SPCTYEPRODSA 050786 - 16
one or norecgferhle PIAML 8hStANd Ebf%édtnekﬂeCHd@lgédmliéﬂ:%aEEOVY oxi de or
refractory oxide precursor is mulled together with a suitable solvent. The
nul | ed mi xt BHS0 e¥tregesh WOxPrted ehibisghian? gHisrpéaten edi e-pl ate. The 5

resulsti ng ex@&g@ahgsa@ﬁﬁdgfé@dufTbglépIvent for inclusion in the mxture may

be any of the suitaple saolvents kpown in the art. Exanples of suitable
sol vent s i ncl ud8evatEFS taf BHHG S S A a §herﬂﬁﬁigﬁ8lmméﬁﬁaﬁ6¥ and propanol ;
ket ones, sush ta®: acettayle; sddvealtdehysles, 1nsuné1 a% .pEspasials;, ofnd aromatic

solvents sucqlbgs go‘Hggg 1(ﬂﬁ%stwcoqyen :pnd égnfrred solvent is
wat er, optlonaﬁ & Pnat |onemn?%3ﬁe?k 6?3’ s
methanol ethanol and propanol; ketones, such as acetone;

10 aldehydes, such as preopanal; and aromatic sclvents, such
as toluene. A most convenient and preferred solvent is
water, optionally in combination with methanol.

The use of specific die-plates enables the formation
of the intended shape of the catalyst particles. Die-

15 plates are well known in the art and can be made from
metal cr polymer material, especially a thermoplastic
material.

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

20 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
preocess are in the range of from 1 to 200 bar absclute,

25 more preferably from 10 to 70 bar absolute.

In the catalytic conversion process especially more

than 75 wt% of Cg+, preferably more than B85 wt% Cg+
hydrocarbons are formed.
Depending on the catalyst and the conversion
30 conditions, the amount of heavy wax (Copt) may be up to
60 wt%, sometimes up to 70 wt%, and sometimes even up

till 85 wt%.



"The use of specific die-plates enables the formation of the intended shape

of the cata}d/ﬁ)%/[?ﬂJ fjcles. Die- 15 plates are well known \n. {gpﬁ‘}%%m@nd can

_be made fromTme pol ymer material, especially a thernoplastic

material. The catal yt| c conversion process may be perfornmed = under
conventional synthesis conditions known in the art. 20 Typically, the
catalytic conversion may be effected at a tenperature in the range of from
150 to 300 C, preferably from180 to 260 C. Typical total pressures for the-
catal ytic conversion process are in the range of froml to 200 bar

absolute, 25 nore preferably from 10 to 70 bar absolute. In the catalytic
conversi on process especially norée 1¥han 75 wt % of C5+, preferably nore than
85 wt % C5+ hydro ar ns are formed. Dependi n% on the catalyst and the
conversion 30 &E&f 81 TR LINGRALYSE HedirgOmak Y2821y be up to 60

W% soneti RS up tlpszp aciand,spnet ioe L L o W% WO
2004/ 041430 BT EP2GS/ (350‘{cl 1% Preferéaﬁ% oty 2t % yst is used, a

| ow H2/ CO Fopegaturadedused pddPakiy °€)7, or even lower) and a | ow

temperat ure i'stysebiclan 2&9@0)@111&1%\40'&61@ cokefargmtian it is
preferred to use [CO ratio of at eas? Is especially

preférred t¥ &arty ’Eﬁftlot RE & slé‘ﬁéF GI'raopét":hlsr §§E?F¥ﬂwudnder such conditions
that the SF; Péfl%tx??eé{é@c}*%arif JthSEQbﬁ%' gd_ @5@9}4%}&&3}55&%@ | east 20

carbon atons, is at |east pre &f ab y at |eas nor e
preferably @ich gondidnsotiovas they&Frakphe Y lafeer bt ythet obeamigted). 955.

Preferably gh@uEtsolerindr 90SKdashy 86 QGREBR NSt Rkl €M at 1east
3( 0.925, preferably at least 0.935, more preferably at
10 least 0.8%45, even more preferably at least 0.955.

Preferably the Fische:*Tropsch hydrocarbons stream

comprises at least 35 wt% C3qg+, preferably 40 wt%, more

preferably 50 wt%.
The Fischer-Tropsch process may be a slurry
15 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 veoidage than beds containing the
20 corresponding conventional trilobes when packed using the

well known “sock loading” technique.

—

The voidage obtained when using the conventiocnal
trilobal shape amounts up to about 45% whereas use of the
particles according to the present invention produces a

25 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
fermed as helical lobed particles.

30 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



conprises at |least 35 w % C30+, preferably 40 % nore preferably 50 wt %
The Fi scher-Tropsch process may be a slurry 15 FT process or a fixed bed FT
process, e¥WEziany3k nultitubular fixed bed. It has beeRCT/EHRAPIPOHEBS t he
beds containing particles according to the invention have - in a random
packing - a much higher voi dage than beds contai ning the 20 correspondi ng
conventional trilobes when packed using the well known "sock | oadi ng"

t echni que. The voi dage obtai ned when using the conventional trilobal shape
anounts up to about 45% whereas use of the particles according to the
present invention produces a 25 voidage of at |east 55% whi ch makes such
particles attractive for | ow pressung drop applications, for instance the
Fi scher-Tropsch synthesis process. The catal yst particles described herein

can al so belodfitmatdnad Hali cale lpabed- RALbrCheS 30sdhedgpm helical | obed
particles as used herein refers to an el ongated shaped particle conprising
two protr uSTORY 1 BEcH e X PR8I T PPaff thdY at TR EaT t 79 Sc At F R positi on,
t he central cjoslietsi enolred mgcahtgnedi adongeachMR 26004/ §4143Q<P£J/ EP2003/ 050786
- 18 Iongi£é§gnaj axi garticle avinlgi cgﬁss-section occupyi ng the

XS kh _ a
space enconpassed By {h& At eT édges B8 ¥ G E'E%® around a central

circle, eachlidrnahéngicdrciles|as ehoidisrtiany tovwdheergitbour chgebd r cl es whi | st
three 5 al t gkdalhnge Cliilasy al e AU LN O L s Gantegl civcle and may

be attached to the central circle, mnus t space occupi ed by the four
remai ni ng otR&¥e OFFebEy dthe fobadienpinhag feureri ptetlstsi ehdl regi ons, which

protrusi ons; exgpdngl oY Rd &l Lelical g yaund gboyt the
protrusions exend along and are helically wound about the

10 longitudinal axis of the particle.

The term helical lobed particles as used herein can
also refer to an elongated shaped particle comprising one
to four additional protrusions, each attached to an
existing protrusion as defined in claim 1, the additional

15 protrusion being defined in the same way as in claim 1,
the existing protrusion becoming the new central circle,
the original central circle becoming the other protrusion
which protrusions exend along and are helically wound
about the longitudinal axis of the particle.

20 By employing helical lobed particles, a larger
diameter helical lobed catalyst particle can be employed 5 };f
to achieve a given selectivity than is necessary when
employing straight lobed particles, resulting in a
greater reduction in pressure drop across the catalyst

25 bed than expected from the prier art.

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

30 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.



10 longitudinal axis of the particle. The term helical |obed particles as
used herein ‘ refer to an el ongated shaped partic one
to four addVﬁ%@Hgﬁkgﬁotrusions, each attached to an exis%?ﬁ%ﬁggétrﬁggon as
defined in claim1, the additional 15 protrusion being defined in the sane
way as in claiml1, the existing protrusion becom ng the new central circle,
the original central circle becom ng the other protrusion which protrusions
exend along and are helically wound about the |ongitudinal axis of the
particle. 20 By enploying helical |obed particles, a |arger dianeter
helical |obed catalyst particle can be enployed to achieve a given
selectivity than is necessary when- &hpl oyi ng straight |obed particles,
resulting in a greater reduction in pressure drop across the catal yst 25
bed than exgedMBBEfYomthe prior art. Alternatively, for a given design of
fixed bed wth ﬁxparﬁ@ﬁwu@faegapffe%su&fé Y 9B O € RE' oying the hel i cal

| obed particles in the Fischer-Tropsch process a substantially higher

sel ectivity Sedfcbe dohifey bt haAr I nkenh ¥héhappraspeiraleomstahai ght | obed
particles neg! y e, pressur dro uir ment.s. The invention
will now be |I%I%§§1 At tgg ng’%t %Qrtp The? g? ol gg\n GVS8RIPIH ti ng exanpl es. WO
2004/ 641430 PEIPED 0F3/ BSORIGrred tQEXAWLrEfreExmmm”eane afengocarried out to
noni tor the est it S »Iropsch

process of GQ?EFyE% %égr¥?%g£§SEEH§M%£ﬂ%?ng%Vgh%?%J%gfggégnflobes (to be
referred to Wer énvRftiep-as TL) and of two types of particles particles

having a shape ACLAMFeBOt§fs bREpI AURALEQRre obtained by
.( . extrusion of the same material, containing a
10 catalytically active element, a promoter, a refractory
oxide carrier and a water/methanol mixture, using an
appropriate die plate.
Example I preparation of trilocbe-shaped catalyst

particles (Comparative)

15 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) 7.4H0 and 38 g water. The mixture was kneaded for

20 15 minutes. The mixture was shaped using a Bonnot
‘iﬁ 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
25 {Catalyst A).

Example I] preparation of catalyst particles according to

the invention

A mixture was prepared containing 143 g commercially
available titania powder (P25 ex. Degussa), 66 g
30 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 equipped with an appropriate dieplate to obtain



Al'l three types of particles were obtained by extrusion of the sane
material, containing a 10 catalytically active elenent, a pronoter, a
refractory W43 ri er and a wat er/ nethanol mi xture, u8CHREPAP3/050786
appropriate die plate. Exanple | preparation of tril obe-shaped catal yst
particles (Conparative) 15 Tril obe-shaped catal yst particles were prepared
as follows. A mxture was prepared containing 143 g comercially avail able
titania powder (P25 ex. Degussa), 66 g comercially available Co(OH)2
powder, 10.3 g WMi(Ac)2-4H20 and 38 g water. The m xture was kneaded for 20
15 m nutes. The m xture was shaped using a Bonnot extruder. The resulting
extrudates were dried and calcined20The resulting extrudates contai ned 20
w% Co and 1 wt% Mh. The resulting catalyst particles had a trilobal shape
havi ng a nomhéalesdiedrehabeois bebimdy 2 clatalystrnd) redXi@ipbe |1 preparation
of catalyst particles accardi to the invention A m xturé was prepared
cont ai ni ng Tgts;“éia BAmETEi §F’rifp%£\‘?ai:?581“5dtivéenirﬁsbbw (P25 ex. Degussa),
66 g 30 conueradiyak| yardaileabdant@l &) pewdes ,ant01 3wk MMhEAg) 2- 4H20 and 38 ¢
wat er. The yj xtur s. kneaded for, 15.m nutes. The m xture was shaped using
a Bonnot eﬁ%a}(us gge%ﬁausl Sﬁga“%‘dﬁﬁ‘ SheHbSr SBFT e P ePINRE Pg obtain WO
2004/50414302RETiEP2DQ8/00507881s waB(ona Heatebyate®) shapavcas desired in'claim
2. The resulting,.exéyudates were dried and calcined. The resulting

catal yst particlés contained 20 w% Co and 1 wt% Mh and had shapes as
defined in EXaipde2Ildherein the number of 5 additional protrusions was one

(catalyst B) OakWPysts A, B and C were tested in a process for the

preparation of hydrocarbons. Micro-flow reactors

10 containing 10 ml of catalyst extrudates A, B and C,
respectively, in the form of a fixed bed of catalyst
particles, were heated to a temperature of 280 °C, and
pressurised with a continuous flow of nitrogen gas to a
pressure of 2 bar abs. The catalysts were reduced in-situ

15 for 24 hours with a mixture of nitrogen and hydrogen 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.
20 Following reduction the pressure was increased to
32 bara {STY 130) or 57 bara (STY 150). The reaction was RS

carried out with a mixture of hydrogen and carbon
monoxide. The space time yield (STY), expressed as
grammes hydrocarbon product per litre catalyst particles

25 {including the wvoids between the particles} per hour, the
Cg+ selectivity, expressed as a weight percentage of the
total hydrocarbon product, and the Cy selectivity,
expressed as a weight percentage of the total hydrocarbon
product were determined for each experiment after

30 50 hours of operation. The results are set out in

Table I.



(catalyst C Exanple Ill Catalysts A, B and C were tested in a process for
the preparation of hydrocarbons. Mcro-flow reactors 10 sl m  of
cat al yst e%(}ﬂ)ﬂé(f'ﬂér’%, B and C, respectively, in the forﬁ]&gizﬂe{'ﬂ%l{%%g " bed of
catalyst particles, were heated to a tenperature of 280 C, and pressurised
with a continuous flow of nitrogen gas to a pressure of 2 bar abs. The
catal ysts were reduced in-situ 15 for 24 hours with a m xture of nitrogen
and hydrogen gas. During reduction the relative anmount of hydrogen in the
m xture was gradually increased from0%to 100% The water concentration in
the off-gas was kept bel ow 3000 ppnv. 20 Foll owi ng reduction the pressure
was increased to 32 bara (STY 130)~of! 57 bara (STY 150). The reaction was
carried out with a m xture of hydrogen and carbon nonoxide. The space tine
yield (STY), expressed as grammes hydrocarbon product per litre catalyst
particles 25 (including the voids fagiyeen the particles) per hour, the GC5+
sel ectivity —expressed -as a weight percentage of the tatal hydrocarbon
product, angl the Cl selectivity, j.xﬁﬂlésfxééﬁi & a RelahitvepBrcent age of the
total hydrotarbon product jpere détggghﬂ%q.gor eac qggegi nt after 30 50
hours of opération. The reSults afe set out fn| Table1"¥WD|2004/ 041430

PCT/ EP2003/ 950786 1 gMdsAtéhl RRel atiike C5+ Relatie Cl  $TY selectivity

| + I} 1

selectivity CH IR {(BgxgCatatryst F361692 7%?1?2

N~ 1

150 104.0 B6.7
Catalyst C 130 100.2 77.4
( 150 114.8 78.6

In Table I, the results regarding Cg+ selectivity

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+

5 selectivity of catalyst A is taken toc 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

. 10 conventional TL trilobesa (catalyst A}.

Li_ 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.

15 The Cg5+ 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

20 catalyst A, due to the higher voidage. Thus, the specific
shape of catalyst B and catalyst C particles enables a

better use aof the expensive catalyst material.



150 104.0 B6.7 Catalyst C 130 100.2 77.4 150 114.8 78.6 |In Table I, the
results regarding C5+ selectivity resulting fromthe use of catalysts B and
C are expresszmg+0ndiati ve to the results obtained from t hBCT/EB29P0RIEG] yst A
(conparative catalyst), i.e. the C5+ 5 selectivity of catalyst Ais taken
to be 100% Fromthe results it is clear that the catalyst particles of the
present invention (B and C) show a higher selectivity for the formation of
C5+ hydrocarbons in the Fischer-Tropsch process, conpared to the 10
conventional TL trilobes (catalyst A). In addition, the selectivity for
unwanted C products in the Fischer-Tropsch process is considerably | ower
using the catalyst particles accordiapg-to the invention when conpared to
usi ng the conparative catalyst. 15 The C5+ selectivity of catalyst B and
catal yst C ESamﬂs‘ﬂjegher Pfé’ﬂ%rbhﬁfogofexgafﬁﬁeyﬁts A and the d selectivity is

| ower. The perf rmance of at sts B ven though the
anount of acti ve “nhf &t éé BV ﬁnﬁaté‘lé'ziét ?3 i‘ﬁgl ‘I”et‘rah for these catal ysts
conpar ed t0c26ax,}esttabystmq,esdué ¢axatlhet hsl,glwethvan d&geagél'l‘mmu,gthhe specific
shape of ca st B and catal part i cl s a _better use of the
expensi ve c%?a%/ r@%ereiSaIO% %{/\éfﬁ(jﬂ% z?glg f’%??a{@ngﬁsﬁﬁbs&’f 86 - 22 Exanple
| V Priessur eddpmﬂre)ape@wﬁemtsbé'@]@apﬂcegsmt@ deoplyst aacaiclessbibed packed with

catalyst pagLigl s gf &ﬁéralaxssv&ag\éﬂ § b Gt ayemeg%alr@ﬁlgiél_-] ¢ the particles
of 4.5 nm was conpared to the pressure” 5 drop in a cat st bed packed with

cat al yst paftPcles ThE PEIRSHAFGsETOR ifi the §ﬁta1/.‘e%ta§’§dl Eﬁ‘(}ﬁ ofithhe particles

of catalyst B particles was a considerably-lower: the

pressure drop in a column packed with catalyst B was

10 79.9% of the pressure drop in a column packed with
catalyst A. From this result it is clear that the shaped
catalyst particles according to the invention offer
advantages with respect to pressure drop compared to

known shaped catalyst particles.



4.5 mm The pressure drop in the catal yst bed packed wwth catalyst B
particles was a considerably-lower: the pressure drop in a colum packed
with catalyst B was 10 79. 9% of the pressure drop in a columm packed with
catalyst A°. Fromthis result it is clteaz t+hat the shaped catalyst particles
according to the invention offer advantages with respect to pressure drop
conpared to known shaped catal yst particles. - 23 - CLAI MS 1.

El ongat ed shaped particle, having a cross-section that is built up from
nore than three circles, in which the angle between the two |ines
connecting the centers of three adjacent circles is between 90 and 180 or
between 5 180 and 270; preferadiyéxé45uﬂﬁﬁllo and 150 or between 210 and
250, nore preferably 120 or 240. 2. Elongated shaped particle according to
claiml, having a cross-section that is build up fromfour to seven
circles. 10 3. 1E|oﬁgan@dtsﬂapbappérpactécbenphaging @hceessosgbxion

protrusions, sa.d partic C .Sl n WO, Rr t e extendi ng from
and attached tghﬁtcent?aﬁﬁﬁog %rom gw%% Eﬁﬁgt e’ cen 1r ﬁﬁgslﬁlonﬂl %aligned

along the 15 I@nglhugﬂ@abeaweanothéhewpaanhebecohﬁemhnﬁ@ phet cesitens ogne to
four additional protrusions are attached; the crossg-section_of two
prot rusi ons atF%éﬁ@daﬂdaﬁenEeH#Fﬁﬂeﬁoéﬁtb@ﬁw8€6u89|n@nﬁhéBQpa@é OftyRFEssed

by thes outer eggesagh shy-¢l hebes abayndeRyEenl 1ah°CLhal ¢sooagh 20 of the

six circles touching two nei ghbouring ¢ircles t wo alternatlng
circles are equetiwstan2108 &hd 26@ﬁtrmbrelpcbéeaablyay2bé atrt 2di9éd to t he
central CirC|e2.angng8a£m8 Ch%gé par gtaégog 1ng g&%@ﬁtng
having a cross-section that is build up from four to
seven circles.
10 3. Elongated shaped particle comprising three to six
protrusions,
sald particle comprising two protrusions, each
extending from and attached toc a central position,
wherein the central position is aligned along the
15 lengitudinal axis of the particle, to which protrusions
one to four additional protrusicns are attached;
the cross-section of two protrusions attached to a
central position occupying the space encompassed by the
outer edges of six circles arcund a central circle, each
20 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
25 circle, minus the space occupied by the four remaining
outer circles and including four remaining interstitial
regions;
the one to four additional protrusions, each attached

to a protrusion as defined above, each being defined in



circles (but not the conmmon circle) touching the central 25 circle, mnus
the space occupied by the four remaining outer circles and including four
remaining interstitial regions; the one to four additional protrusions,
each attached to a protrusion as defi ped- above, each being defined in - 24
the sane way as above, the protrusion to which an additional protrusion is

attached becom n n Ci e 1.9l pal 2nt.r circle
becom ng t he n%?%e%gﬁ?og%%sggnggébif Eﬁ%n E%Eguggg%eggpgﬁgg%l%haccording to
claim3, conpaddingothteperotristuonptstatsaonsyd bacdmpagt thkeneanpri sing two

protrusions, each e tendigg fromand attached to._a cen ra# posi.tion

wherein the ceﬁ??%fagog?FF 1 §08| PHASLNAL oiGRFRBL161E61Gi PEGPRARIaPS of
the particle, bten¥highopPEQEiYgions one or two additional protrusions are
attached. 5. El ongated shaped particle according to claim3 or 4, having a
cross-section #n whlengahedpsbapedi past have adrandiagstionciBénr dnge bet ween
0.74 and 1.3 tines._the 15ggkggegfr£of thgogeﬁgnal circle as defined in claim

3, preferanyC%% heén"e. and B he8 thé di'8hfeter of the central

circle as defined shigl papt3cl6. cEhpngsird skappdopautiohe,aegendi ng to any
one of clainms 3 to 5, 1n which the anﬁle between the two |l ines 20
connecti ng t he®¥ERPEIRIof rPRr BBAadf haeRedcFPcRresens TRt WOSH L8O and 180 or

bet ween 270 an hé?%inp{:ﬁéeféég%)fajlélbg@é@@?oﬁl%saQ iaﬁ%d%l%%gw%@ 210 and 250,

nore preferably 120 or 24 ngat ed shaped particle according to
clainsl@ to 6, lo@8ihedinglaasiessfsebei partnchki cliot waiphoprosirass. ohave t he
same diameter as the ¢entiahieitghe asofehioeds' 0.¢ At chea.
5. Elongated shaped particle according to claim 3 or 4,
having a cross-section in which the protrusions have
diameters in the range between 0.74 and 1.3 times the
15 diameter of the central circle as defined in claim 3,
preferably between 0.87 and 1.15 times the diameter of
the central circle as defined in claim 3.
6. Elongated shaped particle according to any one of
claims 3 to 5, in which the angle between the two lines
20 connecting the centers of three adjacent circles is
between 90° and 180° or between 270° and 180°; preferably
between 110° and 150° or between 210° and 250°, more
preferably 120° or 240°.
7. Elongated shaped particle according to claims 3 to 6,
25 having a cross-section in which the protrusions have the
same diameter as the central circle as defined in claim
3, preferably elongated shaped particle, in which the
protrusions are attached to the central circle as defined
in claim 3.
30 8. Elongated shaped particle according to claims 3 to 7,
having a L/D ratio (mm/mm}, wherein D is the diameter of

the central circle as defined in claim 3, of between 1

and 25, preferably between 2 and 10, or elongated shaped



3, preferably elongated shaped particle, in which the protrusions are
attached to the central circle as defined in claim3. 30 8. Elongated
shaped particle according to clains 3 to 7, having a L/Dratio (nmmm,
wherein Dis the dianeter of the cent2@al-circle as defined in claim3, of
between 1 and 25, preferably between 2 and 10, or el ongated shaped - 25

particle accorging 4% A&td®ahd o s Qﬁé{ixﬁ@ a E@n@tﬁaﬂhgweléﬁ@% pgtveen
0.5 and 15 mm preferably between 1 and 9. Shaped catal yst or

cat al yst precurtsorrarorg dietivepm 0 55 candl 3/5|Icra,l | yrateralel y onpowest brand
precursor ther fm%e, supported on a carrier, which carrier is an el ongated
shaped particle according to clains 1 to 8 10. Shaped catal yst or catal yst

precursor accordi ighdped daidl st Wer €ata I fier oorponessr | Sosehesieg &rom
el emsnts 10 of Goup, VII]1 of the Periodic Table of the Elenents, preferably
shapedScat al ystatil ¥t e kY 3FEVR sEPTRRRRRE nOT t AePEPBUESYF | FReFRARAE i s Fe,

Co or N, pref&{%@éﬂté@ on - cﬁtﬁe Ccﬁ?ﬂf&ﬂséa%l&?tféyéﬁ 8188%128&15

accordlng to 10, whereln arrier Is a refractory ox
preferably silsltapedlpmtnec be accctandamgrm@ecbamﬁerhbtg 8titania. 12. Shaped

catalyst or c |y cur accordin claim110 or pntaj ning an
et o codtd e Sl v S O G 1 st e BT RR aGEr B VR Boor

VITT 20 of thecfaeimO@h Cw@bé £n Of hé heokbsREAE Sis Psef erabhyrrssl gebgdntLom V,
Zr, Mh, Ru, Re, Pt, Pd or Ag. 13. Shaped carrier according to clains 1 to 8

or a 1@a_t al ystO%rG?’e@ﬂ}al‘{/%H precirgoPentedidi ighie efarhe Blewent3, wherein
the carrier (”p£§¥54§§iyhééagggncgﬁgnyX 82 8§££f§§9nprecursor wherein

the Group VIII element is Fe, Co or Ni, preferably Co.
11. Shaped catalyst or catalyst precursor according to
claim 10, wherein the carrier is a refractory oxide,

15 preferably silica, alumina or titania, more preferably
titania.
12. Shaped catalyst or catalyst precursor according to
claim 10 or 11, containing an element or compound
selected from Group IIA, IIIB, IVB, VB, VIB, VIIB or VIII

20 of the Periodic Table of the Elements, preferably
selected from V, Zr, Mn, Ru, Re, Pt, Pd or Ag.
13. Shaped carrier according to claims 1 to 8 or a
catalyst or catalyst precursor according to claims 9 to
12, wherein the carrier or catalyst has been made by

25 extrusion.
14. Process for the preparation of a carrier according to
claims 1 to 8 or a catalyst or catalyst precursor
according to claims 2 to 12, by pressing, extruding or
otherwise forcing a granular or powdered catalyst or

30 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.



14. Process for the preparation of a carrier according to clainms 1 to 8 or
a catalyst or catalyst precursor according to clains 9 to 12, by pressing,
extruding or otherwi se forcing a granular or powdered catal yst or 30

catal yst precursor material into varH ags-shapes under certain conditions,
which will ensure that the particle retains the resulting shape, both
during reactign ag;well) »tas JeRUGRRIAtHIN uR SheR ARl Y rRp LU ¥ & 26 15.
D e-plate designed for use in the preparation of a “carrier or a catalyst or
cat al yst precoagorieaccor di g ttad vsdl airmckd a lwsdr ginecurs odi eequictdiirgpripy i ses
one or nore oQrifi cg in;the sh e of. Lh ccreos%}nser%tsie%n of the carrier 5
particles as 5éLfailﬁ'e I'n "any of ' the precé’ iahg SARTs 2518 Procdse S or the
preparation obrhydreearionshdshagRNicFCtiheg o dBsHsd R iein i hote Mnexigle and
hydrogen with a catalyst as described in clains 9 to 13, the catalyst

bei ng opt i onaPRy tdctlisfataey defg ned iy Goes £ F dha e ssresiaiatd it - f uel s and

pase of 1S T1aig.t e UL 23hied I off #Hydrblarond iy 0genati on,
hydr oi soneri sati on and/ or hydrocracki ng.
contacting a mixture of carbon monoxide and hydrogen with
a catalyst as described in claims 9 to 13, the catalyst
being optionally activated.
10 17. Process for the preparation of fuels and base oils
from the hydrocarbons described in claim 16, by

hydrogenation, hydroisomerisation and/or hydrocracking.





