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VIB, VIIB or Group VIII of the Periodic Table of the
Elements.

The catalyst or catalyst precursor of the invention
is very useful in mass-transfer or diffusion limited
reactions, such as the Fischer-Tropsch hydrocarbon
synthesis process.

The invention further relates to a process to prepare
the catalyst or catalyst precursor from a shapeable
dough, to the die-plate used for the preparation of an
extruded catalyst or catalyst precursor, to the use of
the catalyst, as well as to the hydrocarbons 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 aforementioned hydrocarbons.

BACKGROUND OF THE INVENTION

Shaped catalysts or catalyst precursors are known in
the art and have been described, for example in European
Patent EP-0,127,220.

The preparation of hydrocarbons from a gaseous

mixture comprising carbon monoxide and hydrogen by
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ﬁo 03/ 103833 PCT/ EP03/06114 2 contacting the mxture with a catal yst at
elevated tenperature and pressuré is known in the literature as the

Fi scher - Tr Qe osesnt hesis. Catal ysts used in the Fischer-Tr gpgaposydiihesi s
often 5 conprise one or nore netals fromGooup VIII of the Periodic Table

-of the Elenments, optionally in conbination wth one or nore netal oxides
and/ or other nmetals_as._pr ters., It is st desirable to enploy a highly
efficient 10 c%?%f?gf?ngnggérW§x5Pth§lﬁgg@h§Pﬁ?ﬁaﬁ§pﬁﬁmﬁi§§§56%1 hi ghl y
ef ficient catalyshptsaieeWahah pe¥Rishirks 1ROk ndMY id Ringh llia:v@xlatﬁ.{réacé vity
for the conversion of carbon nbnoxide and hydrogen to hydrocarbons, but

al so a high degheeFbscherefrppisch synihglsds.nol ecul ar hydrocarbons, 15 in

ticular C5 hyd b d.l henceforth_referred tq as "C5
hydr ocar bons" . Pref &% 8819~ CEha=Gagrbe thEr TBEGAERT A P Sthe YEHP IR Gelitons

shoul d IBe | ow. témpsiséavght ornmble REit@n safftrohatr dulpe vafifl dendye of a
catalyst in general increases as the size of the catalyst particle 20

decreases. FurtReriodia€ealgbls shothe EAeWeatsi glrsispialiliy in epmbination
deacti vation shoul Qﬁevgg¥?5gg'P£Q EFE§§QQETEk%g%Ch6%ﬁg{gﬁg§%ﬂ§y be

carried out wusing a vari eacti on regi mes, for example 4 di sed
bed reginme or apsbustyrbed regi me. When using a 25 process enploying a
fi xed bed of catalyst particles, a mgjor consideration in the design of

the process is the lbredsiPetdrEiERPéAgRCt RBPERYaRY i dbdd. affiicdamist
el T eported” faithe: art {har 30 thor Tassredn ZppsR pelka g e
particles, as thegkliyeebfictihatcatakyystpast bakewhiicha eikibied Hiechdts only
(educed, there ,ig: 2, °PLLETPaRdbng LReye98e LRePLeRveLs R layan the ()
\ monoxide and hydrogen to hydrocarbons, but also a high
degree of selectivity to higher molecular hydrocarbons,

_'15 in particular Cg hydrocarbons and larger, henceforth
referred to as “Cg+ hydrocarbons”. Preferably, the degree
of branching in the Cg+ hydrocarbons should be low. It is

taught in the prior art that the efficiency of a catalyst
in general increases as the size of the catalyst particle
20 decreases. Furﬁher, 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
25 process employing a fixed bed of catalyst particles, a
major consideration in the design of the process is the
pressure drop through the catalyst bed. It is most

desirable that the pressure drop should be as low as

N

possible. However, it is well reported in the art that,
30" for a given shape of catalyst particles, as the size of
the 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



.éat al yst bed. Thus, there exists a conflict in the design WO 03/103833

PCT/ EP0O3/ 06114 3 of fixed catal ysts beds when trying to achieve a

sat i sf act oWO 03P8$330f catal yst efficiency whilst keeping tRETHPYeIIE drop
.through the bed to a mninum In addition-t3 the above, the catal yst
-particles 5 should be sufficiently strong to avoid undesired attrition
and/ or breakage, fE%@ﬁ@aahgxaws%xsgdge@ﬁehh%r %gk tor Ygh jtiength shoul d
be (very) high, as beds are used in conner0|ay réactors of up to 15 neters
hi gh. Especi al bytasfaheoh:gv\éevehdoéf caluellyedi eld istieengt WhdflstO Kdeping
catal yst particle S an i Thi an .addi ti onal
conplication in® B@sg %ﬁ&rFngﬁ ﬁ e&he g@&l§§t pQﬂPﬁ@Pgb A stil
further conplicati ngnegaaeeaohstshehenaeefv@ct %bnea%%%%s afy ta%tlaésvst
particles. There is a 15 need for a fast, relatively i nexpenswe and

sui t abl & manuf agharidgbgr é@é§3¢ﬂhnthywsrth:oegabloe at\fhedpmd@wm of

catal yst particl Ln.large .quantities. exanp uch omercially
avai | abl e nanufaggaﬁfﬁﬁnpgngg %geﬁ aggxt ?F&ﬁa&ﬁgcégs AE@&EHFﬂﬁyh
there exists a pged teusa @@Eahzgsh ghoutatl ey SveRSCURSD, GRS NG
Goup VIII elenment and optionally a pronoter selected fromthe el enments of
Goup |1 A G oupsSef| BN coamgIFYBl ceagpovs, ofr vmp tvl BSometersupridh.B of the
L Eéﬁégga'z:r'lgmsfet $nohh 6o 25 £at fy%%ed‘b%@' M & h'g g]“ Vi ty
and selectivity inthe i SCher-Troprc synt i'S process, Yl |ng t he
pressurl® drop i ﬁhéheafcia&®dtbpdra$cﬂéw @aag@salnblmp@mdandl pRlrayi mghiz Riggh
crush strength. Further, the Stabl|lt¥ shoul d be very high. 30 In thecPast
a tremendous andinBdsiticnelhgempadma d@@oﬂ@dd@é19ﬁé“6e¢@ﬁ6@ﬁ6hﬂ“@ﬁove

%artlcles In pRLELGYSAT particles.

A still further complicating element is the

manufacturing process of catalyst particles. There is a

15 : 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.

20 Accordingly, there exists a need for a catalyst or
catalyst precursor comprising a Group VIII element and
optionally a promoter selected from the elements of

(“ Group IIA, Group IIIB, Group IVB, Group VB, Group VIB or
Group VIIB of the Periodic Table of the Elements which

25 catalyst displays a high activity and selectivity in the
Fischer-Tropic synthesis process, while keeping the
pressure drop in the fixed bed as low as possible and
displaying a high crush strength. Further, the stability
should be very high.

30 In the past a tremendous amount of .work has been
devoted to the development of particles, in particular
catalytically active particles, for many different

processes. There has also been a considerable effort to



catalytlcally active. particles, for many different processes. There has
al'so been a considerable effort to WD'03/103833 PCT/EP03/06114 _ 4 try to

understand“&hg“ggggntages and sonetines disadvantages of ebptearss/ofiishape
. When deviating from conventional shapes sugh-as pellets, rods, spheres and
-cylinders for use in catalytic as well as non- catalytlc 5 duties Exanpl es
of further well-known s overl eafs eIIs and C-shaped

h
particl es. Cbh%t%e?%b?%gg 5??% ﬁ§$e38¥38 88$8t88dt809ﬁ T53al | ed

" pol yl obal " - shappsh @aaht 856§ o MhaY fE0HBELEI 8hapal alhst slell aarigi@viidmbl € in
TL (Trilobe) or Q. (Quadrul obe) form They serve as alternatives to the

conventional . cybhvertianashaherafdserheasppeiled sadv¥adisagEPhisacsusa dbf
~... their incre sed_surtace- to vol resul t smal | er
! _ Faeeale- va! HIBaGgLLE. MNLEN T aRulig 10 3 Syl

effective part|c¥ H57%e° hus prOV|d|ng a active c

vari etysof shapgstaed. desi gns of catal yst partlcles for use in the fixed
bed operation of the Fischer-Tropsch synthesis have been proposed. Thus,
EP- 0, 428, 223 di scl oB¥amphat ?hefeatBPysteparkrerss shapese 3¢ tthéIorm 20

of cylinders; 8i%9%%§¥5k9de&§mbE?ﬁseéﬁﬁphe gg% anS;%FiQ%¥*ﬁg a central

hol | ow space whicC radius o bet'ween t'he radi us of
the cylinder; cénsigbtablereffedtét Wasketpehridesesed ao ahe alo-tdw 1t her
forms disclosed in US-4,028, 221. Trilohe extrudates 25 are sald tq be
preferred. EP-0, 'pakyigbali sehered RARELCISS-| HEoY SOBMETSIAL ShEludhse

partichg havi nga%@eaegtthﬂeesbﬁp@mf (TR 86 e9r orf oKl (hds M) 6@y, wound

about the axi s extrusion along the length of the particle and its use
as a 30 catal ysThey satrwkyss-slpponttivespaot ithel aonyend icatadl yst

( , cylindrical shape and often provide advantages because of L.
” their increased surface-to-volume ratio, which results in
a smaller effective particle size, thus providing a more
15 active catalyst. '

A variety of shapes and designs of catalyst particles
for use in the fixed bed operation of the Fischer—Tropsch
synthesis have been proposed. Thus, EP-0,428,223
discloses that the catalyst particles may be in the form

20 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 of the
- other forms disclosed in US-4,028,221. Trilobe extrudates

25 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

30 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



.or catal yst support in hydrotreating operations. The helical shape of the
catalyst is said to reduce the pressure drop across fixed bed reactors

t-hr ough whmaho3nO388/ 103833 PCT/ EP03/ 06114 - 5 |iquid and/ 8€TgRe3/E@att ant s
_‘are passed. In this way, snaller catalyst particles can be enployed in

-a' given reactor design to neet the pressure drop requirenents. In

EP-0, 220, 933, it ipfideaph/Bedghbat ke phape of pazsevrdryl @RSt YRS,
catalysts is inportant, in particular wth respect to a phenonenon known
as pressure dropmafFilem cehelgspeprarticdleseviadebee eppdwiyded iint aagpesrs t hat
asymmetri c quadrul obes guf fer |ess fromhpr essure drop than the clgsely
rel at ed symmet r FEAFCRaldfarBesC TRE T16NEs TSt EafEPPs & H5AEA S es are
described in EP-0, 220838, byowag30f ieagh BaistrabeRl @hi¥skPRs AR of
separated by a channel which is narrower than the protrusions to prevent
entry tHerei nt ogbpdrhéopeotypsi oasalyfstan igdjiiaremt apdrnt ilol @adticud amught
in EP-0,220,933_15,that t ape_of t particles prevents themfro
"packing" in a Héghcéﬁgipﬁg%t %g (%vg(rﬁgInIOG%lI}IfJIE1 ensit fsopretsﬁélr(?atd?lcﬁps' rI'lbreodi"to
be low. Since maRg ekpkhembindilnegs idenidee paioly iatedl G@nfalppelairg t hard
pressure. drop problens continue to be in existence, 20 especially when
sur f ace- t 0- vol uRBYFRELES CafE il oResd Sh fead dEisfg fFam Pales ssirge Anidiere i s

still considera r t r f.ar Iggﬁﬁ i S f talytically
active particl gllsj%\?hl(eg%] \%}}F?S’i %grjﬁagﬁdgrs eve%trlﬁ%gvle %?%(?%Ob%%dbl%ﬁs. 25
It has Iriow sur peisyingly ibeéd yf chagethaia rsfediefsl cald yiesshdped dat al yst
particles or catal yst pr rsor particles. offer unexpected and sizeable
advant ages conpgféﬁ'@?gh%%go§VeHPﬁoﬁ§IeﬁﬁqIRﬂiﬂ'Ofb§F§F§§FH&%%iQﬂ%§ﬂ

e(S-IOGCi ally whercpsedtel B8 Lhanskar wafi i fifsUsia0t WP edn et i ons
_ protrusions to prevent entry thereinto by the protrusions
of an adjacent particle. It is taught in EP-0,220, 933
15 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.
Since many of the findings in the art are conflicting
and pressure drop problems_continue to be in existence,
20 especially when surface-to-volume ratios are increased by
reducing particle size, there is still considerable room

to search for alternative shapes of catalytically active

(“ particles which would diminish or even prevent such’
‘ problems.
25 It has now surprisingly been found that specifically

shaped catalyst particles or catalyst precursor particles
offer unexpected and sizeable advantages compared with
conventional “trilobal” catalyst particles, especially
when used in mass transfer or diffusion limited reactions
30 in fixed-bed reactors, for instance as catalysts in the

Fisher-Tropsch process.



30 in fixed-bed reactors, for instance as catalysts in the Fisher-Tropsch

process. WO 03/103833 PCT/ EP03/ 06114 ‘6 SUMMARY OF THE | NVENTI ON The

pr esent iqwan&hgﬂngherefore relates to a shaped catalyst opc-£abeddsls

. precursor confarning a catalytically activg conmponent or a precursor
-therefor, the conmponent 5 selected fromelenents of Goup VIIlI of the

Periodic Table of the Elenents, supported on a carrier, which catalyst or
cat al yst precursSBRARY LF oF bn g VN Eé%ed particle conprising three

i 4 _ . g ! |
Phe contral 10 podi T o T LT I GAtal Gho LPEC ToRG! [OMT AT aui e Shepha. - |

particle, the atarsshwectowcatalyet parécet soocecopyadgihbea spaeeytically
enconpassed by the outer edges of six circles ~- around a centra? circle,
each of the six@%H%G EOMRAMIRHPE v PEFGRHDRE | hieErferestifi FemPrReas

alternaging ol (el Rsdd Al bl 2l torbls oepiral ehiche sadimmy be

attached to the central circ m nus t he space occupie three
remai ni ng out erTabreles @ Eheherdi ng $ppsrkedi obeastatrakr; eghana.

DETAI LED DESCRI PTI OF THE I NVENTION 20 It is.known Rhat the type of
reactions whicH?d $e O JFF P LA QI BEECPET O F cf 8s2Rr 8- 8PERRSHi APEB§%Y t he
rate of  diffusion ofi1d heodeacs aid SchPLo phec £atabyst eRant Lgten8ing BY-Jhe
rate of diffusion of the evolving products out of the catalyst particle.
This is especi @ng atteched 1o qaiicenPBaphpgestieact vbaseiActbedcagkyal

t al ticles. which. displ hj gh face-to0:vol ti
advant Webus. TS HEChekh T DUET it T hot Rt arDet EpaFPrLl 88 5agEofifng t o
the present invgntd il davend tasgerssetfaseof t Oh¥opapRi Edbi 8cEBBPing the

orrespondi ng conventional 30 "trilobal"™ particles of simlar size and
uf fer space encompassed by the outer edges of six circles

around a central circle, each of the six circles touching
two neighbouring circles whilst three alternating circles

15 are equidistant to the central circle and may be attached
to the central circle, minus the space occupied by the
three remaining outer circles and including the six
interstitial regions.

DETAILED DESCRIPTION OF THE INVENTION

20 It is known that the type of reactions which require
solid 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. This is especially true for liquid

25 phases reactions. Accordingly, catalyst particles which
display a high surface-to-volume ratio are advantageous.

It has been found that the catalyst particles
according to the present invention have a larger surface-
to-volume ratio than corresponding conventional

30 “trilobal” particles of similar size and suffer
substantially less from pressure drop than such
corresponding conventional “trilobal” particles, due to

higher voidage. In addition, a good Cg+ selectivity and a



.Substantially |l ess frompressure drop than such correspondi ng conventi onal
"trilobal" particles, due to higher voi dage. In addition, a good C5+

sel ectivi t WQAH1G88330 03/ 103833 PCT/ EP03/ 06114 7 good st abiPiCI{EP0B/86114

_‘obtai ned. An additional advantage is that tihe selectivity for linear
-(unbranched) products is increased. Further, the particles are

sufficiently stgeBa s2RBi3aRyeas bythenerde ahy Ludusin: a‘iiv-g?xetagﬂaﬁestd .
catal yst particles can be formed of any suitable material provided it is

capabl e of bei nghapr sbessedeichiyidly doway inleatr t(heibrantthettegrshaped Sis

obt ai ned. Met hods of _preparing,such_shapes _ i.ncl ude ressi.ng, extrudi ng or
ot herwi se forci %Bcgea Sﬁ‘ul gPrgPefO 5%\?02’?5&1 g‘tesﬁ fsrtepérui‘éét‘%l%lypr%ﬁﬂ%r
material into dadi eds shIPeS %@d@bd@eb@a@&t%@quﬂ_ons, which will ensure
that the particle retains the resulting shape, both during reaction as

wel | as during regehBrasharedTREt@dyalty s tafcliese qanedentf ammeshtdforany
especially 15 I i .Ei;S - Trapsch .process .co iise, as the
Egltgﬁﬁen%attg‘%lal %%%&éﬁe ke érso&ﬁ‘;\?l%ﬁe rzgf; R% i@ %er i odi ¢

catal ytically active conponent, "a rom

Tabl e of the El preaksseBanni culchr aCatagl yhiagaldhe iac tinte il shdgc | ude
ruthenium iron, cobalt and nickel, nore preferably cobalt. Conbinations
20 of two or noPEt@érEeneNesheds QfsBrEEasimde sutefhagssy inglude

Fi scher-Tropschcatahyst esc¥sedng Wi ghyyi el qgg ti ntities of
paraffins, nor eppr ef elr ] 3‘7= subs?égnti al 'l y)étfnbl%}nc%e Bﬁ]aaf ﬁrr?gﬂlal nost

sui t abl 0 cat al pswdeorposiattiadiy sfroort lriag apyrspo e d uodsude snagc exaledl ti rd
contai ning Fischer-Tropsch catal yst. Such catal ysts are described in the

literature, see'8XgCURUSEFESS 2 WTE TWECEG A3 A0 PRTIBE0%S e P iy dY dtdribonaceous
feeds for the phepaeakhar thesmtrf&%il? FRe AN MRS Y sHAgROCH at ed

as. As these feedstocks usually result in
both during reaction as well as during regeneration.
The catalysts of the present invention, especially
15 for use in the Fischer-Tropsch process comprise, as the
catalytically active component, a metal from Group VIII
0f the Periodic Table of the Elements. Particular
catalytically active metals include ruthenium, iron,
cobalt and nickel, more preferably cobalt. Combinations
20 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-
25 containing Fischer-Tropsch catalyst. Such catalysts are
described in the literature, see e.g. AU 698392 and
WO 99/34917. Preferred hydrocarbonaceous-feeds for the
preparation of synthesis gas are natural gas or |

associated gas. As these feedstocks usually result in

30 synthesis gas having Hy/CO ratio’s of close to 2, cobalt

is a very good Fischer-Tropsch catalyst as the user ratio

for this type of catalysts is also about 2.



30 synthesis gas having H2/COratio's of close-to 2, cobalt is a very good
Fi scher-Tropsch catal yst as the user ratio for this type of catalysts is
al so about_ 2. 3/ 103833 PCTI EP03/ 06114 - 8 The catal ytj jve
metal is dWé#@Xﬁ%gg sup- ported on a porous_carrier. The po?gﬁéﬁgggﬁﬁér may
.be selected fromany of the suitable refFa@tGry nmetal oxides or silicates
or conbinations thereof known in the art. 5 Particul ar exanpl es of
preferred porous cdfhé¢erstahytudellyi hirtayeahngiada ist ipradfiexabdiyr sompi-a,
ceria, gallia and néxtures t her eof 55 ecigbgy % |ica, _alum_na an%
titania, esped@ft§ITo822TRRESREUNE SF SEat APt PEAAY SEHVE BN B5h t he
10 carrier for spiéstadperbar aAPCcefi shpr ehetably irefirhetdrgngRteh fdomesto
300 pbw per 100 pbw of carrier ~. nmaterial, nore preferably from 10 to 80

pbw, especial | yor f$bhi2ates 60 ppWPinpLigasi tdgrecfe kamwal yist they aditso
conprise one or_15 I I [ a i ronoters.. Suit.abl.e ta
oxi de psonntersp%%gfggfggfég %89 Fgﬁkckégégqﬁ%géﬁqﬁﬁﬁs %3ﬁ§1%ﬁ§ kﬂﬁ%%égé

Goup VIIB of t&elPesjodiamIabl etotanha, Eiewdntis, dertile aatliiadesand
| ant hani des. In particul ar, oxides of magnesium calcium strontium 20
bari um scandi urxteresuferarthafsReciplani $hllcA r ednmima Rarchitufania,

cerium thoriu I apadi um  chrom um and nanganese are very
sui tabl e pronn?%?ééégéggpiggpgfly preferred nmetal oxide pronoters for the

catal yst used to preparembeavyopacakthilpeiane 19RRGRNSTE med2 1V ALY and
zirconium oxide. Suitable netal pronoters may be selected from Goups VIIB

or VIII110of the FeriodrcioTabpsiobmt pertogmencs. iRheviafmradillwem ahe G oup

VIIl noble netals are articularly . suitable, -wih. plati numand palladium
bei ng especi al | 296 SF  BHOMTRe tRngaR: Py pet 10 bo Of Earrit:

material, more preferably from 10 to B0 pbw, especially
from 20 to 60 pbw.
If desired, the catalyst may also comprise one or

15 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,

20 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 paraffins are manganese,

25 vanadium and zirconium oxide. Suitable metal promoters

| may be selected from Groups VIIB or VIII of the Periodic
Table of the Elements. Rhenium, silver and Group VIII
noble metals are particularly suitable, with platinum and
palladium being especially preferred. The amount of

30 promoter present in the catalyst is suitably in the range
of from 0.01 to 100 pbw, preferably 0.1 to 40, more
preferably 1 to 20 pbw, per 100 pbw of carrier. The most

preferred promoters are selected from vanadium,

S



.30 pronoter present in the catalyst is suitably in the range of fromO0.0l1
to 100 pbw, preferably 0.1 to 40, nmore preferably 1 to 20 pbw, per 100 pbw

of carrierwolisaosasst preferred pronoters are sel ected fronP@amEaei/esns WO

- -03/103833 PCT/ EP03/ 06114 - 9 nanganese, —rlenium zirconi um and pl ati num
.in viewof their ability to produce long chain n-paraffins. The

catal ytically agshhyen@®él raedithe pieeBhehm bhd P1E$eRALm MBY AQAeposited
on the carrier material by any 5 suitable treatnent, such as inpregnation,

m xi ng/ kneadi ngthadr neRi AL BxEPuproAUCAf tengdepasint hopask fifiesyet al and,

i f iate, th I, i al | oaded I
< Cypi cal 1y subj ectha TREaty EFaarTyndehge BFFEL Sop HRE exBitamon®

treatment is topresene, Chysthe déPosated, ohotHecerRese roh@aRIrG 0RO WIS
.and to _convert inorganic conpounds to.their respective oxides. After
cal ci nat on, th8uikdhlei hgeehrgnfst SREY BE ABPresnedipy. @ixdam/datdadinche

catalyst with hgggogw%gg/texwg&gggg- éﬁ%&aid@wgimn Pl gal !

ly .a
t enper atures of about 0 her. processes for t %gal and,
preparation of Ffseppreprapseh thtabystwteaenphni stekmeadiiey middrmil, the
fol | owed by extéusion, drying/cal ci nation and activation. The suitable
material for thtCeA8PeB2EaLaFysf bYAPLCELdY SHBIPELSE prosedsedaticfuciThe

way that their o2@ckpt 8?d99e5BQ@%iin%tQQBait'}%gthﬂ? exanRl & QiR Q{rg,gﬁec;aﬁi ng

method i s an extrusion process, wherein a shapeabl e - dough, prefe
conpri $ing one wvetepretsodecespbee omgandc mompoohdshendattal yidroaldty active
el enents, and tional

pronoters and tg OF?ﬁEF%ySgagagédgg%§a§$%ﬁ§e3§%§%C%E%e;gkﬁg@%gr?ﬁﬁ%ggeZS
-ecursor i s nukhedihegebher thkt Redultyngakheasokvenhy e Judlihad g8 gyre
S.then extruded
contacting the catalyst with hydrogen or a hydrogen-
containing gas, typically at temperatures of about 200 to
15 350 °C. Other processes for the preparation of
Fischer-Tropsch catalysts comprise kneading/mulling,
followed by extrusioﬁ, drying/calcination and activation.
The suitable material for the shaped catalyst
particles should be processed in such a way that their
20 intended shape is obtained. One example of a processing
method 1s an extrusion process, wherein a shapeable
dough, preferably éomprising one or more sources for one
(» or more of the catalytically active elements, and
optionally one or more sources for one or more of the
25 promoters and the finely divided refractory oxide or
refractory oxide precursor is mulled together with a
suitable solvent. The mulled mixture is then extruded
through an orifice in a die-plate. The resulting
extrudates are dried. If necessary, (additional)
30 catalytic element sources and/or promoters may be applied

to the extrudates by impregnation. Other processes which

may be used are palletizing and pressure moulding.



fhrough an orifice in a die-plate. The resulting extrudates are dried. If
(additional) 30 catalytic el enment sources and/or

to the extrudates by inpregnation. O her proces i L may
, g’%‘gﬂ%ﬁ:’zi ng and pressure noul di Eg WO 03/ 103833%%@%%%166114
.- 10 The solvent for inclusion in the mxture may be any of the suitable

necessary,
be applied
be used ar

sol vents known in the art. Exanples of suitable solvents include water
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acet one;
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conmbi nati on wit ByiebBaBoko1VRa tese nefl usiReGialtes ;dia-ddries enabl esst he

formati on
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of the intended shape of the,catalyst particles.
known mAthRABoadrt efhdneanapd pag@ancdm kedicaiesor otlynes aweeonal |
especialldy a th iC terial. Preferred, catalyst pariicles
accordi g to thgﬁgggggﬁ%’ SHoD Fo%rﬁ 7S '53§§3§§ﬂ%% Ci?P%WﬁQﬁFth%“?%ree
15 al ternating akrebesentor K ngspaciondertiRké oW HIfda9d demeeslt apgt ers

such as FHkeehandvenst Aamol ngdasgiospamolthek sticries;e Juah s any

| dehyd h ;. and ic sal __such
A st StoniEnPHRERAE. BOLT BT Sd BTt I0e valter OB LRI 95 i n

I nven ve a Cr

in the range between 0.74 and_1.3 tinmes the dianeter of the central

circle, prefgraﬂﬁyeﬁetﬂééﬁonGJQY &Rd CPMEE NEtHeD tHd Ndimetdiaiiobf the centra
e hoco S, AREbYoLRBRLLE PR APIAEN LRI D MERon 1

i nvention are those

circle.

aving a cross-section hree a

circles have thefsahe idiangeér shapehe fcemier alatailyeite paStiicihdy. thee-

di stance (\ between the three alternatin%lcircles and the central circle
W0ane. ThP<2HPSt aRceVFd lpfkerunabiy

is the
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circle, with" no5t preference given to p

material.

Preferred catalyst particles according to the present

iﬁvention have a cross-section in which the three
alternating circles (forming part of the outer 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 aré those having a cross-section in
which the three alternating circles have the same
diameter as the central circle. Suitably the distance

between the three alternating circles and the central

circle is the same. This distance is preferably less than

half the diameter of the central circle, more preferably
less than a quarter of the diameter of the central
circle, with most preference given to particles having a
cross-section in which the three alternating circles are
attached to the central circle. Preferably the three
alternating circles do not overlap with the central
circle. In case of any overlap, the overlap of each

alternéting circle and the central circle will be less



.cross-section in which the three alternating circles are attached to the
central circle. Preferably the three 30 alternating circles do not overlap
with the cswoomiosssircle. In case of any overlap, the overl| ZCTEHPI®osIN4
~-alternating circle and the central circle-will-be | ess WO 03/103833

-PCT/ EPO3/ 06114 - 11 than S% of the area. of the central circle,

preferably |esgnthags2%s pREe pel erakhye | dhan 1% d n r;gée%fabl]tyﬁe

cross-sectional view of the nost preferred particles according to

i nvention has bgess Bhdepikét edor®hersdefradd yofl edse tdragssktsect i onal shape
(indicated by the s Ii]c:i.line) can be descrihed as defig in the main
claim It will be clfBaf *8Pbf £hPs CERSSr & SCldepedt g™ If drisdasdcti on of

the preferred pgrbikgehesh phbalchBst ReceRrGeR! &f t3Hex i(i-i\féi{%rpfhaesqq?%eﬁi ze
aligned 10 around a central circle of the same size each outer circle
borders Sts twodapighbdur Tber shed agrd ofthd heemtncads - ssiatcl anahidisape

subtraction of three alternpati outer, .circles (indigcated by the dotted
line) provides th&3 l?@%ﬁgngxgtﬁgo§§5§gC€P S 500 CUFTIomY raﬁﬂégﬁﬁﬁfd
(the 15 central igi egkemand theikhr e kamai Meng Rdrerfiah "t ot®fgu.d r cl es)

together with the six areas forned by the inclusions of the central circle
and six tines twderagtapentheucapseiseicas.onTinds &hdr aue fgrrekfmarted-las Jas

"interstitial a " T t hr iNi ternati 20 puter circles, are
equi di stant to lr:.tﬁg%c:éﬂt ?g gf’rﬁgleéin%ﬁe Sqtg(egrﬁ:'celq%% GisttHt &t Rt Y8R n
refers 1® the airbeundshapeatirhat ciheld sifante bemwean jheoantgecsf the
central circle tgo the centre of one of the outer circles is equal to the

di st ance bet weeR1ERéScBREAETST 1ftife 19 S&HINAOWE 1% s tand ddift reemgiral

A e
circles (indicated by the dotted line) provides the
remaining cross-section, built up from four circles (the

15 central circle and the three remaining alternating outer
circles) together with the six areas formed by the
inclusions of the central circle and six times two
adjacent outer circles. These areas are referfed to as
“interstitial areas”. The three remaining alternating

20 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
25 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
deviations up to 20% of the distance, preferably up to
10%, more preferably up to 5%. In the most preferred

30 embodiment there is no deviation. The circumference of
the preferred shaped particles according to the present
invention is such that it does not contain sharp corners,

which can also be expressed as the derivative of the



deviations up to 20% of the distance, preferably up to 10% nore preferably
up to 5% In the nost preferred 30 enbodinent there is no deviation. The
‘ci rcunf er the preferred shaped particles accordin esent
|nvent|onQp§%§ﬁ%ﬁ3%hat it does not contain _sharp corners, gﬁ%ﬁ%& ?gﬁhalso

. be expressed as the derivative of the WD 03403833 PCT/ EPO3/ 06114 - 12
cross-section being continuous. The dianeter of the particles (the nost
preferred parﬂaﬁaﬂs+$eqmbnrd%MMM uwmhimheupreﬁbﬁtdiﬂmeheronﬁ the defined
as the distance bet ent kne t hat _t rotru3|ons and

e uc
5 a line paraHHﬁrﬁ%) qﬁid@ﬁ C PRI ThEE tBﬁEﬁéET?ﬁelntﬁ FaTRPBEEusI on.
I't is indicated;ash dtmrﬁwse%ﬂumvéntlbﬂ the gasenthabst bRet RAGRance
alternating circles have one or two dlfferent dianeters, d nomis the sum
of the three rheivgen Hiantargenti l'idédtb?tth@é@heiotWﬁePﬁﬁﬁéésppﬁﬁr @idons
and the central osition ther _for o] e n t al yst
or catglyst pr C %%rpaﬁ%iB%§|€°p%P n#g §8ﬁ£p?§ %ugb%g tg % né% by one
of the (remainitiral pestaisdgnci I€l €s. ifBecatainapadt nom hhemgntrreall
protrusion is formed by the 15 central circle. The interstitial areas are
di vi ded bet weekn ttee cent¢ athabstheokhane aheepretingi 6ATBYes hpye one

per pendi cul ar 19, L6y | 4e GRONECHE ORCL DS CRt FERPOENE n8f oyhNBCERL! Lhree

circle and the Tentra par ernafing circle Re perpendi cu
line (dotted |ime)seredsesateee?d donnededi hg thnee(solid line) at a p0|nt
exactl |n the mddl e between the two centre 0|nts é ge figure 2). It
will béOclear that THeorhEe%i REPHRLSHPBM ERE E SpecnhEadePPredigre

consi dered to b@oqumg EbenSepRecPbskhgecpiBReRE LA¥ERLEARyskNothe case
where the catal yst or 25 catal yst precursor of the present |nvent|on IS

brepared by anca«dlwust oprercoress, The-phahepaateofisedchl priogrksowm is
formed by one of the (remaining) alternating circles. The
main part of the central protrusion is formed by the
15 central circle. The interstitial areas are divided
between the central position and the proﬁrusion by a line
perpendicular to the line connecting the centre point of
the central circle and the centre part of the alternating
circle. The perpendicular line (dotted line) crosses the
20 connecting line (solid line) at a point exactly in the
middle between the two centre points (see figure 2).
It will be clear that minor deviations from the'shape
(_ as defined are considered to be within the scope of the
present invention. In the case where the catalyst or
25 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
according to the present invention and which tolerances
30 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



.to those skilled in the art to manufacture die-plates having one or nore
hol es in the shape of the particles according to the present invention and
whi ch tol emaneem3®3 can be expected in practice when producPOU/EPSbs104 e-
plates. In this respect it is observed thatllhe pressure release

dmredi ately after extrusion may result in deformation of the extrudates.

Usual Iy the m ngg 034103833 E@gﬁﬁP@géOGé}g 5 deviati ens W t hin

10% preferably mY¥%?n 5% nnrg pr ef er abl wf?ﬁﬁ%§§%)g¥hgkn§ﬁﬂm #%%espect

to the ideal shapteasbdigfwhtdinn2thefpdesent vilthemeisprct' tAf ttére d deyli cal

process of preparation o he SHga%g%yst or gatal st .,precursor particles
a )

f
of the inventid ?p%e?ﬁegﬁEiB@9 W OFSERE AMNBELIEP - particl es

produced preferabl yahaye a pepinal graaBLST oW bhepada¥iahi 87 @hel €ss than
5% of the shape as defined 1n the present invention. Preferably, at |east

50% of Hhe 10 eatalyst parcathéyshapsegunseirndkrdisdesecfnithie a devi ation .
of less than 5% e_shape. _as_defiped_i,n e resent invention. It is
gg@e%@l 3 B?tweepiﬁpo and 1bpaiﬁ§ %ﬁetﬁgm%ﬁésg

possi bl e to produceé ca?arys parti cles "acco i nvention,

whi ch al so contpantidbesnprosuamaephelesaBhongate ol apgtihaaf dih@dranticles.
For instance, the particles can contain one or nore holes in the area
formed by the ceéhtRap €gViadePn(phelesht FARN &Rr Ofetibs shaprer ess-deddtriash

given in Figure;l1) d : -e_ho i or. r f the
alternating cyl%%dgﬁg égéfgﬁg éﬁ?ggﬁ%gFﬁgb§?§§ 8§E§h Fﬁgggsggsﬁbécﬂ§m¥he
given i1® Figureaftdly$heppresenee bivene abmanadnbeameteholésh @auses an

increase of the surface to_volune ratig which in principle allows exposure
of nore catal ytR&VsptaenaRd, 1ePA LR§PcadeCfnbhee SB2pEs @fe 9€d 1nscokimng he
charges whi ch ngye2anyok kyadvaphageously froma catalytic point of view.

Hnee It is possible to produce catalyst particles
according to the present invention, which also contain

15 one or more holes along the length of the particles. For
instance, the particles can contain one or more holes in
the area formed by the central cylinder (the central
circle in the cross-section given in Figure 1) and/or one
or more holes in one or more of the alternating cylinders

20 (the alternating circles in the cross-section given in
Figure 1). The presence of one or a number of holes
causes an 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

25 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.

30 It has been found that the voidage of the catalyst
particles according to the present invention is well

above 50% (voidage being defined as the volume fraction

of the open space present in a bed of particles outside



it becomes increasingly difficult to produce hollow particles as their
size becones snmaller it is preferred to use porous particles w thout holes

‘when sma

||
f ound thataﬁﬂé

invention is well

h%§a3 are desired for certain purpos-e-s. 30 %kanﬁﬁgagig
sent

voirdage of the catalyst partjcles according

of the open space present in a bed of particles outside WO 03/103833

PCT/ EP03/ 06114 the darthelparpresestpresent the. golume wdl whe gordse pores

inside the partjcles are not %nc uded in the_vohdggg)” The particles used

in the experi nett®1%° b YRRt FhE & ¢

58% whi ch is 5 spbstantialdy abeyeihhaheobxpbe;remparat 'b\éedétsrdﬂi%? )
, the voidage of which anpbunted to just over 43% The vol

bed of catal ysthezgeinafeer deadrdi ngidaget b€ tnpecaildy 58 %swittiabl yi et ween

particle

45 and %

eferably, . befween 50 d, 709 re preferably heéet, n 55 and
65% 10 The cat%ﬁééﬁa%%}?f%Ye%baxgoggPﬁgo %t ﬁecﬁﬁggéﬁﬁlvﬁnvgﬁgﬁa$§§2n be
described as hayingialéenghd/ dbageger of wRLtR bkbbhted &b Heatt ckerl&s .

particles according to the resent invention can have a L/Din the range
between 1 and Pe ¥eidaganty, athedpaft Fefasyatcorditigles alescorsiimgesent

i nvention have /D rang n d,:2 re preferably in
t he range betmég%éZEg%%nﬁigﬁ g%rguggéﬁgﬁe?%gﬁgggaﬁéi%ng%8§éd9ﬁ$£ﬁﬁ§ﬁﬁy
experiment to heetwescribeshderespahbee padferbkbDyobetheeh 2.55anbhedsengt h
of the_particles in accordance with the 20 present invention is suitably

0% pr
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in thelPange bet weehel GHEP L BT R T bt €1 8F aBFyOTAlnAetPakge BECREBR 2 and 20
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onversion process may be per
ondi ti ons knowmatiottie/drtof at least 1. The particles according to the
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orne under conventrona

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 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
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 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. In a typical

conversion process using a catalyst according to the

i
t
v



.25 Typically, the catalytic conversion. nmay be effected at a tenperature
in the range of from 150 to 300 C, preferably from 180 to 260 C. Typical
t-otal preswareso03d38r the catal ytic conversion process are i rctigosgpige of
_-from1l to 200 bar absolute, nore preferablyigroom 10 to 30 70 bar absol ute.
.In the catal ytic conversion process especially nore than 75 wt % of C5+,

preferably nor han « 8 9 + h 0 s are f . lh a.typica
conversion pro éés us?ngnﬁégggéTysggécggé ﬁggo?ogfﬁghgﬁgogPTB§é§é g one

PCT/ EPO3/ 06114 or rdre ptesebary nyvebstoopteHecarbont 20bmpr QHEGES FEQFBI | Si Ng
one or nore tertiary substituted carbagn atons ghenqeforth referred to as
"branched" prodiRtRyLed &P ReasPr2pohrdssPrednparedifoat &6aBEr 208n lgsecess

with simlar reagtiop.3 €9ngdi tion r veational -trilobal catalyst
is used. Dependlﬁ% o% tﬁe cata yéfsggﬁ ?ﬁgcggﬁvgggbogghé%%%iFFSﬁgfophe
amount 6f heavycowxi{20s) whyrdeaupohvenbfontd) teadebalesatpliyet7qsw %

and sonetinmes even up. till . 85 w % Preferablg a cobalt catalyst is used, a
r

low 1.0 H2/ CO r&i§d- | ReReRUIP@sPRcFAfI 2127y Shr 2BFehPPoGRRYSERA0R | ow
tenperature is é@e@i&ﬂ@@sz%gamer@nevekdhawgcggﬁl t(Egéwt}ng : ple y'bsto

preferred to use an H2/CO ratio of at | east especi al

preferred to cag0ywoy shgetEheshep- T60pschtreaghboBonBEenesUskerONgi tiONs
that the 15 SF-al pha value, for _the obtained products having at |east 20
carbon atons,. isiht $eadt® 0. Bosfeprbiyrabrybatt| catalyotods, usede a low

P e a8y At USERoOStR SYRRIRY focBRELSIANI Y 3] bERRLeR IB0erT: ebgl 2 o)

the Fischer-Tro ydr ocar bons stream conpri Sés’'a €as 20

preferably 40 W34 #ofSePseheEably,s84W YooIheoFk 9he&aT598§8haR$9%%3% may
Ee-a slurry FT process, especially an ebulated bed process or a fixe bed
-T- process, espeermatyon, muttisupuéberfedetiobede an Hp/CO ratio of at

least 0.3. It is especially preferred to carry out the
Fischer-Tropsch reaction under such cbnditions that the
15 SF—alpha value, for the obtained products having at least
20 carbon atoms, is at least 02925, preferably at leasf
0.935, more preferably at least 0.945, even more
preferably at least 0.955. Preferably thé Fischer-Tropsch

hydrocarbons stream comprises at least 35 wt% C3g+,

20 preferably 40 wt%, more preferably 50 wt$.
The Fischer-Tropsch process may be a slurry
, FT process, especially an ebulated bed process or a fixed
. _ bed FT process, especially a multitubular fixed bed
process. It has been found that the beds containing
25 particles according to the invention have - in a random
packing - a much higher voidage than beds contéining 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
30 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



process. It has been found that the beds containing 25 particles according

to the invention have - in a random packing - a much hi gher voi dage than
beds cont g ni correspondi ng conventional tril obes wh . USi ng
the well %’ﬁo‘i}ﬂoiggg geTﬁ‘%iﬁfgﬁyusi ng

the conventional tril obal shape anounts up
the particles according to the present invention produces a voi dage of at

ck | oadi ng" technique. TQg_yoidage. obt ai ne
1% 30 about 45% whereas use of

| east 55% whi ciromkappsiucatpansi cfes ansragcevehkoFisehegrdsspsshnD
03/ 103833 PCT/ EP03/,06114 : 16 _drop applications, for instance the
Fi scher - Tropsch*Y3yAThedi BT Protess. . The catal yst particles described

herein can al so be Theraetabpshepheal clebedeparibebieserthe ammheld ¢
| obed 5 particles as used herein refers to an el ongated shaped particle

conprising threeopredrasi bptieathleRednBprpgiciem- 3
positiop, the central.,position ing.ali along _a | t.udj nal__axis,
Sicle H%%{%bcggs ag Ssedbﬁerglg kggggs %% 9 el%g%ﬁgﬁﬁ%é%?%ﬁa y 10

t he par

Cr0Ss-Secti1 on occupylng e Space

the outer edgesp®ftstXeCtbhpessahgUBHraeCpRrbt 2lisGionel @acheastt fdithe Siom
circles bordering two neighbouring ( circles whilst three alternating
circles are equ@fsabheched tRedcERPEERLCPPELELIQRd FRf I5€ dtttedc RaF it AThe

central circ
circles and in

G [US) L0R:APAFE0CE URLAL; DY al Ao ! BESE, 1 SFR Niia 4 out er

sIx 1nterstiti regi ons, wilich p rusions

extend al ong andaaieghel ceabbysaotundn aboupyiheg lttegispadienancoxirsm safed ey

particle. By enploying helical |obed particles, a |larger dianeter helical
| Pe i fgerbii_eEllrﬁ ¢PoEOHNEVE £Fe SeiRsTh ity
than is necessagy-yhgR enRl oykng; stias9BbrkebedgPaiy Sle8yndfuldd ng in a

| obed &8t al yst paftPE

rcaA9Be @

greater reduction in pressure drop across the catalyst bed than ‘expected

f(rom the prior
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@itclébt whndstvehyeefalternating circles are equidistant
to the central circle and may be attached to the central
circle, minus the space occupied by the three remaining
outer circles and including the six interstitial regions,
which protrusions extend 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 preésure drop across the catalyst
bed than expected from the prior 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 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.

Experiments were carried out to monitor the Fischer-

Tropsch process using catalyst particles made up of

&egrac hed itaala ledred al



a given design of fixed bed with a predeterm ned pressure 25 drop, by

enpl oying the helical |obed particles in the Fischer-Tropsch process a
subst anti aW@ 0311@3BIr sel ectivity can be achi eved than w t h ROTZERPPEIOHr i at e

_-straight |obed particles necessary to nmeet he-pressure drop requirenents.
.3-0 The invention will now be illustrated by neans of the follow ng

non-limting ex I _ ligmen C

Fi scher - Tropscﬁqgrl%?gssgﬁl%g r?g%%?ad%espaﬁqﬂgﬁd[s dée u{%i% (?11(5%38%%
PCT/ EP03/ 06114 cathlysttr ipaahe-cdleapect vrtg udatrempd conpbs fine® £xadpis) and
usi ng catal yst part| cl es havi ng a shape as defined in claim1 (working
exanpl es). ExanpMeIKifde SXPHPIGT) of tril obe--shaped catalyst 5 particles
(Conparative) Tihlyg q—eshaei@ s eg, s fol | ows.
A m xture was prepe ' abre-titani a
powder (P25 ex. pBedusss E, C@ﬁ\pgircatmm)m al I y avai I abI e Co(OH) 2 powder, 10.3

g 10 Mh(Ac)2.4H20 a g The ture vva kneaded f or 15 m nut es.
The mi xture was sha%&&lﬁg’e—é\{“\%p@&ﬁ&tal&& QP LCRE M (RIRPRSET 1Rfat es

were dried and reah¢iwreda T&thasMd NG o d Akt s o gl deds 20, wt % Co and
1 wt% Mh. The resulting catalyst particles had a 15 trilobal s%ape havi ng

a nomi nal di anemmﬂrcﬂaianaV(a@dtaénlﬁttlA)anE(mdﬁﬁI Iiﬁ‘%p@x atheguda) ,
catal yst particl &S accordel n mt%g the . ent i {1? ntion x{ r vvas

pr epar ed contaiming 437G " e IEIl avz @bﬁ éxf"f‘iI%W a (l)pjo (P25
ex. gussa) , vaj |l 0

I\/h(Ac)2 oo and R a0 A/ ﬁ%%neé@% wad kr?egded for

15 minutes. The mixture was shaped using a Bonnot

CT. 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
15 trilobal shape having a nominal diameter of 1.7 mm
ICatalyst A).

Example II preparation of catalyst particles according to

the present invention

A mixture was prepared containing 143 g commercially
20 available titania powder (P25 ex. Degussa), 66 g
commercially available Co(OH)» powder, 10.3 g

Mn (Ac)5.4H20 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

25 the desired shape as desired in claim 1. The resulting
extrudates were dried and calcined. The resulting
catalyst particles contained 20 wt% Co and 1 wt$% Mn and
had shapes as defined in claim 1 with nominal diameters
of 1.7 mm (Catalyst B), 1.5 mm (Catalyst C), 1.3 mm

30 (Catalyst D) and 1.0 mm (Catalyst E) respectively.
Example III

Catalysts A and B were tested in a process for the

preparation of hydrocarbons. Micro-flow reactors



15 minutes. The mixture was shaped using a Bonnot extruder equi pped with
an appropriate dieplate to obtain 25 the desired shape as desired in claim
‘2. The re ' xtrudates were dried and cal cined. The r '
. Catal yst ;g?%¢€@g?§contained 20 wt % Co and wt % Mh and hagég apggglﬁs _
.defined in claim1 wth nomnal dianmeters 1.7 mm (Catalyst B), 1.5 mm
(Catalyst ©), 1.3 mm 30 (Catalyst D) and 1.0 mm (Catal yst E) respectively.
Exanpl e |11 Cat@®ysainingnko Bni/\e
of hydrocarbons, cro-flow reac S 03103833 RCI/ EPQ3/ 0611 - 18
containing 10 n¥e%%e%§ %?g%t %@t%ﬁ%a?ggkAggng %?xepggﬁgcggcgﬁ}éﬁ¥§q:he.
formof a fixedphetiolesptweysthepaeti ebea, teppe rieatred oifo 2&d emmeraidire of
260 C, and pressurised with a continuous flow of nitrogen gas to a 5
pressure of 2 bRFEEHITITRE ChERl §sEenhépecpedddey iod- ity odesr &6 Hours

e X ure BEOLLFO98R 21, bYEA0CRAASa DYk AT Lo LIPS L E A Ve

anount of hydrogen in m xture was gra i ncrease %

The water conceotradilours whehohfmgasuwas ofepti thelgew hBOQAHRBA gas.

Fol l owi ng reduction the pressure was increased to 32 bara (STY 140) or 57
bara (STY 180).0%hend ehedPoh MRstPBaFRL G156 2R ta Oh Rdregsm Hydrtdien

and carbon ‘g dere The, SPRRELLTS YheLUoCSTVE o Bsessed iy 15y ames

hydrocar bon product per litre catal yst particles ncl udi ng the "voi ds
bet ween the parvatéesiopeentoatjionhén €Che sdélfegrisviwhyg, keppr é=ded as a
wei ght gercentagﬁ @f the total hydrocarbon product, and the ratio of
unsat utdt ed prodtetPRBY sus saturated product for products having 20

between 2 and 4 hydroreshons weascdebar eheegdrbasueachaseyperddmaly afd er 50
hours of operation. The results are
32 bara (STY 140) or 57 bara (STY 180). The reaction was
carried out with a mixture of hydrogen and carbon
monoxide. The space time yield (STY), expressed as
15 grammes hydrocarbon product per litre catalyst particles
(including the voids between the particles) per hour, the

Cg+ selectivity, expressed as a weight percentage of the

total hydrocarbon product, and the ratio of unsaturated
product versus saturated product for products having

20 between 2 and 4 hydrocarbons were determined for each
experiment after 50 hours of operation. The results are

set out in Table I.

N

Table I

Relative Cg+ Relative COjp
Relative STY selectivity sel
g/lcat/h . (%) (%)
Catalyst B 140 102.0 64.0
180 104.0 55.0

In Table I, the results regarding Cg+ selectivity

resulting from the use of catalyst B are expressed

25 relative to the results obtained from the use of

et €atmdystnestpudases Pornchd, preparation

RS

—

~



set out in Table |I. Table | Relative C5+ Relative C02 Relative STY
selectivity sel g/lcat/h ( o) ( o) Catalyst B 140 102.0 64.0 180 104.0
'55.0 In Tade3/103813he results regardi ng C5+ selectivity res®CIErg3/bHeiam t he
~-use of catalyst B are expressed 25 relat+vedte the results obtained from
.the use of WD 03/103833 PCT/ EP03/06114 - 19 catalyst A i.e. the C5+

sel ectivity of i ta %. Fr. I sit.is

cl ear that cataﬁégﬁhéggiéésgée'bgﬁgnggggfégﬁé%ggt'héﬁh§§ﬁ§¥2§t/§vﬁ%h
respect to Co+ pygeheebl vt Yoips .t he Fischer-Tropsch process. The
performance of catalyst B is better even though the anount of active

mat eri al per vol uneFreactbe iressffils| et ifsorclestraltystt BatkdlysftoB catvadyst A,
due to the higher _voidage. Thus, e speci f.ic shape of the catalyst B 10
particles enabl ggtgeﬁef’teg%olf?@n&e 1t;c gnefﬁg:r?sliy\?et twﬁtg'&tresﬁ’ﬁcé"riteﬂ Ly
Exampl e d V Cata A, - ang E wer ested Jn. rocess for the

pr epar atsi on of %égr&%géyﬁg sEnMQg’reo- Igﬁeﬁrezfiﬁog)rsscr}i% Cont ai ni r{]ge 10 M of
cat al yst extrudptesoAmaGeeDodndakal yisesBedts taltter revdie therugroferae fi xed
bed of catal yst articles, were heated to a tenperature of 260 C, and
pressurised w t AMRUBSNCINGGEe VR BRWEEE 1Rilt PSdery Yadha & e Ctoessurdadiler bar

abs. The catal yghs var@1LRAUBCEHaR Holll 2Q 13/e 2 NS o W Higtlayr @ of
nitrogen and hydrogen gas. During reduction-the relative anount 0
hydr ogen i n t hevoadrger.e Thas , grradusipleyr lificr edsge fafornh@edad a1GA% Erhe
10 particles enables a better use of the expensive catalyst
material.

Example IV

T

Catalysts A, C, D and E were tested in a process for

the preparation of hydrocarbons. Micro-flow reactors

15 containing 10 ml of catalyst extrudates A, C, D and E,
respectively, in the form of a fixed bed of catalyst
particles, were heated to a temperature of 260 °C, and
pressurised with a continuous flow of nitrogen gas to a
pressure of 2 bar abs. The catalysts were reduced in-situ

20 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.
25 Following reduction the pressure was increased to

26 bar abs. The reaction was carried out with a mixture
of hydrogen and carbon monoxide. The reaction temperature
is expressed as the weighted average bed temperature
(WABT) in °C. The space time yield (STY), expressed as

30 grammes hydrocarbon product per litre catalyst particles
(including the voids between the particles) per hour, the

Cg+ selectivity, expressed as a weight percentage of the

total hydrocarbon product, and the ratio of unsaturated



wat er concentration in the off-gas was kept .bel ow 3000 ppnv. 25 Fol | owi ng
reduction the pressure was increased to 26 bar abs. The reaction was
carried ouyoshihssds M xture of hydrogen and carbon nonoxi depcth@osfats | On
. tenperature |s expressed as the weighted average bed tenperature (WABT)
-in C The space time yield (STY), expresse as 30 grammes hydrocar bon
product per I|tre cat al%st articles i ncl g.the voi ds between the

particl es) per HRFUC W TeRtpro ?ﬁFeggédpﬁgdHC\Fél GRViP& cent age
of the total oTok-T o) r a

05/ 105835  par) LESLEH 25" m?%%@ﬂ%f%%?sﬁ%kgateggtg ggh%Poggct\égor
products havi nge xpeet et 2a fnelr 45 hyllowcsr bbnspeereidet efhened sfudnt seaate
experinment after 50 hours ff 0 e{gtlon. The results are set out in Table
1. Table Il Cai%h ¥t Cca %%gt Catalyst E Inert, %0 50 0 50 0 50

Rel ative STY 200 132 200 132 200 132 Relative C5+ sel, ow Cl+ 103 103 104
103 104 103 Relative Cl1-Cl4 olefinicity, %vw 184 238 183 320 184 315 5 In

Table I'l, the results fromthe use of cdtaehly!stlslc Dor E are expressed
relative to the—+esuts—obtat ﬂe'uLfru. the—tuse cat-at-ys ..u..nhe
results in Tablle Il it is clear that Jat%]aif%?yét <Ca§ao]D¥TBQDEC§ﬁ%%l3éS er

performance thgp I0 cagal yST A in The FigSCHers T opsSgh Erg@es dgner so
per f or mance of |cat aFysts C, D and E i|s bettler even tho t he amount of
active material| per volune reactor i§g snul{ler for catlalysts|C, D pnd E

than for catal yyst A, due :
Relatlve STY 200 132 200 132 200 132

(\ Relative Cg+ sel,

sw/Cl+ 103 | 103 | 104 | 103 | 104 | 103

Relative Cq11-Cq4
olefinicity, %w 184 238 | 183 320 184 315

5 In Table 1I, the results from the use of catalysts C,
D or E are expressed relative to the results obtained
from the use of catalyst A.

( From the results in Table II it is clear that

catalysts C, D and E give a better performance than

10 catalyst A in the Fischer-Tropsch process. The
performancé of catalysts C, D and E is better even though
the amount of active material per volume reactor is
smaller for catalysts C, D and E than for catalyst A, due
to the higher voidage. Thus, the specific shape of

15 catalyst C, D and E particles enables a better use of the

expensive catalyst material.



to the higher voidage. Thus, the specific shape of 15 catalyst C, D and E
particles enables a better us.e of the expensive catalyst material. 21 C
-L Al MS 1. Shaped catalyst or catal yst precursor containing a
catalytically active conponent or a preguyrsor therefor, the conponent

. selected fromruthenium iron, cobalt and nickel, supported on a carrier,
“which catalyst or 5 catal yst precursor is an el ongated shaped particle
conprising three protrusions each extending fromand attached to a central

posi tion, wherein the central positiéntiﬁ;fﬂgigped al ong the | ongitudinal

axis of the particle, the cross-sect particle occupying the 10
space enconpassed by the outer edges of six circles around a central
circle, each of the six circles touching_ two neighbouring circles whil st
three al t er nathi-ng S&aP&ce £ 2 tarly Hqu IicSttanty stto RIREUEaIRT Aoniaidid%rid may be

attached 1o the 0SALIA 1G] LEdidbindie SRACE QSERlat D ddeds, hr ee

remai ni ng outer circles and including the six interstitial regions, the

shaped cat al ystheorcoo@caleygt s glreachad ofr dmaviuighean icmos sk-sett iosba It wricch t he

three remainin alternatiﬁgigircles have di anet.ers iqithe raqge bet ween
€ T Eover

0.74 and 1.3 tY'WE€vhé WPS Gt g HE Teritral" i T E Yih lap of

each adternatida@aQiyist! & @thdder Gendd %l&i({a‘ﬂe@ heidikd gssrihane 5% of the
area of the central circle. 2. Shaped catal yst or catalyst precursor

according to CEOMBTHSENIMETE S RIRL Protqs i) @ ingl fsomoudl 25
oL ound the ORI Sa e BN, oSt enaish o L L
in th)e/ raﬁge doetiwvdem 0.5 ﬁ%@r&&mlm@ﬂﬂre&déndﬁﬂiumgmlo.a?xmcbﬂ thg nore
preferably be&%ﬁ%@c é?“%g%rggoss-section of the particle occupying the
10 space encompassed by the outer edges of six circles
around a central circle, each of the six circles touching
two neighbouring circles whilst three alternating circles
are equidistant to the central circle and may be attached
to the central circle, minus the space occupied by the
15 three remaining outer circles and including the six
interstitial regions, the shaped catalyst or catalyst
precursor having a cross-section in which the three
remaining alternating circles have diameters in the range
between 0.74 and 1.3 times the diameter of the central
20 circle, the overlap of each alternating circle and the
central circle being less than 5% of the area of the
central circle.
2. Shaped catalyst or catalyst precursor according to
claim 1, wherein the protrusions are helically wound
25 around the longitudinal axis of the particle.
3. Shaped catalyst or catalyst precursor according to
claim 1 or 2, having a nominal diameter D in the range

between 0.5 and 5 mm, preferably between 0.7 and 3 mm,

more preferably between 1 and 2 mm.



- 22 4. Shaped catal yst or catal yst precursor according to any one of
claims 1 to 3, wherein the Goup VIII elenent is Fe, Co, N, preferably

. Go. 5. Shaped catal yst or catalyst precursor according to 5 any one of
claims 1 to 4, containing an el enent er22cenpound sel ected from Goup |I1A,
+111B, IVvB, VB, VIB, VIIB or VIII of the Periodic Table of the El enents. 6.
~ Shaped catal yst or catal yst precursor according to clains 1 to 5, wherein
the carrier i4-a SERPEEt GRyadwiSde OF FG UgrleSdr MSF G & CALHINR &

titania, morepLeleAls ciblit@ia-col 3 SHARGE (GAlA Y S Ay GALAL YSlerIAoUT SOF
according to clains 1 to 6, having a cross-section In \)&%lc the three
remai ni ng al t érsnatel,ngogi Ndl,eprehexradilagneélcers in the range 15 between 0. 74

and 1.3 tines the dianeter of the central. circle, Ipreferabl bet ween 0. 87
GG i

and 1.15 times t hENaFeAmsAdA lor S RE S&TAAIS TirEA /T Site T ped

catal yst or catdl e RIFECUESHs hAWHANG & IRSSiTsierd a0 devdtichot he three
remaining alternating circles have the 20 sane dianeter as the central

circle, nore moFieualsl \¢ed edieshed amntGioy 10 cat bl BistIVedBsofIBn which
the three altgrnatin i-rcl r 1 ac t.o t qugr | cl e. 8.
Shaped cat al yfsv“t%lo%rkra1 Ocratgba yitoiiggu%se%loﬁgﬁcﬁbﬁge E)gf C aiE?rlEerﬁér{%?, havi ng a
L/D ratio (mmanm sofapeet weern 1l A5 andad® ] yarte frereadal nys dae tanseir 2 rande L 0,
preferably a shaped _catalyst or catalyst precursor havin | ength in the

range between St3MP 25 GfnS ot 45T dithI SR WetSleer™ 2 a‘??dfrgaégt‘?ﬁﬁ( ¥ 1 yaped

Fi scheg TropsglyLatalst O fdScheriPPseh + 8068t alyste RSSOy
according to any one of clains 1 to 8  10. Process for the preparation of
a catal yst or tddtaliysst precursor according to clainms 1-9, by pressing,

extruding or "P.t hesrhvgpseed fc%rtcailny%ta A ac:nauclaa_'Lrychr pproél\éjuerrseodr Caaéczaéfléi[né)rto

claims 1 to 6, having a cross-section in which the three
remaining alternating circles have diameters in the range

15 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, preferably a shaped
catalyst or catalyst precursor having a cross-section in
which the three remaining alternating circles have the

20 same diameter as the central circle, more preferably a
shaped catalyst or catalyst precursor in which the three
alternating circles are attached to the central circle.
8. Shaped catalyst or catalyst precursor according to
claims 1 to 7, having a L/D ratio (mm/mm) of between 1

25 and 25, preferably between 2 and 10, preferably a shaped
catalyst or catalyst precursor having a length in the
range between 1 and 25 mm, more preferably between 2 and
20 mm.
9. Shaped Fischer Tropsch catalyst or Fischer Tropsch

30 catalyst precursor according to any one of claims 1 to 8.
10. Process for the preparation of a catalyst or catalyst
precursor according to claims 1-9, by pressing, extruding

or otherwise forcing a granular or powdered catalyst or



23 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. 5 11. Die-plate designed foro2gse in the preparation of a shaped
, catalyst or catalyst precursor according to any one of clains 1 to 9 by
extrusion, wherein the die-plate conprises one or nore orifices in the
shape of the €Rrbgdyssedtriesmrsion we teaigiled niar tviadlien sashdafasmamdar any one

of 10 ol aims 1.9, 12,0 00095, f Oftihe, prenaraton. of hydnqearhans b
contacting a mxture of carbon ronoXxi de and hydrogen with ~a‘ca §1ys as
descri bed in apyaone aheClraism th g shadehe bordt aluSitn pidataldry deeiweg 1
activated by contacting the 15 catal yst precursor wi th hydrogen or a
hydr ogen cont &nirR§EN§aS iR, PrSIEIeXHor hEXFaEiot on of fuel s and

optional |y base gilksshuem o ydosnbons made y Jhe, Ara5ess £f 4 claim
12, by 20 hydrogenati on, hydroi sonerisation and/or hydrocracking. 14.
Fuel s and basehepks chttailved lpr aatradeeds pascudesyy idvsrbridingd dianald,
one of claims 1 to 9 by extrusion, wherein the die-plate
comprises one or more orifices in the shape of the cross-
section of the carrier particles as defined in any one of
10 claims 1-9.
12. Process for the preparation of hydrocarbons by
contacting a mixture of carbon monoxide and hydrogen with
a catalyst as described in any one of claims 1 to 9, the
catalyst optionally being activated by contacting the
15 catalyst precursor with hydrogen or a hydrogen containing
gas.
13. Process for the preparation of fuels and optionally
base oils from the hydrocarbons made by the process of
claim 12, by
20 hydrogenation, hydroisomerisation and/or hydrocracking.
14. Fuels and base oils obtained by a process as

described in claim 13.



