WO-03/ 103833 PCT/ EP03/ 06114 ,. _ 1 _ SHAPED CATALYST PARTI CLES FOR

<" HYDROCARBON SYNTHESIS FIELD OF THE | NVENTI ON The present invention
.relates t@oaszdagaed catal yst or catal yst precursor, contapoi/®®0506114

- catalytically active conmponent or a precur sor. t herefor, the conponent
selected 5 fromelenents of Goup VIII of the Periodic Table of the

El enents, supported on a carrier, the catalyst.or catalyst precursor
optionally containing one or _nore _elenents or conpounds from G oups I1A,
I11B, IVB, VB, VIBIAREPBCAIARY SdpPRHRIECHESt FERPENDEPCARBN SYHTHESLSC 10
‘El ements. The catal yst or catal yst precursor of the invention is very
useful in mass-transfer or diffusion limted reactions, such as the

Fi scher - TropschEIHLP oCEr DR IBYERAESONS process. 15 The invention further
relates to a procesﬁhtﬁ%Pre are, the catal it or catalyst precursor froma
shapeabl e dough, to0'%HeTUPelhl HRESRELA"fEFLER8SpFepar 5PRBRY0F24ALYELL Plded
catal yst or catalystypresHESQFsok? - t : WSk a2 as to
t he hydrocarbons pré%argg by 2o£us?§§t?%§l§gt3|ggfgqggh¥§él¥n§8ﬁ§%%n
further rel atesanpengrbcessatproeepare thaeekfoandtbaseompbsenbyselected

hydr ogepati on, droisonerisatjo an hydr ocracki ng ,of th
aforene%tioned ?ﬁrﬁéﬁTﬁﬁn? o%méﬁf#ifﬁﬁ#EFxgkéﬁFN@Eﬁ?gEchéagﬁﬁpSE the
catal ysts or cadnysit ) eSupSOFSedr 6n kaovari-Ner} henar kadpdyBaverbeen

descri bed, for exanple in European Patent EP-0, |12~1, 220. The preparation
of hydrocar bonE IR B JasOUsSOFi RPUt enebhpr FenhaieargoanfoAsxndeeand

hydrogen by WQQ3}/H03833 RCHEED3496418n croups 11A, 11IB, 1VB, VB,

VIB, VIIB or Group VIII of the Periodic Table of the
C. 10 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.

15 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

20 using the catalyst. '

<ﬂ . 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

25 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
I
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2 _ contactlng the mxture with a catalyst at elevated tenperature
‘:and pressure is known in the literature as the Fischer-Tropsch synthesis.
Cat al ysts used in the Fischer-Tropsch synthesis often 5 conprise one or

. nore netal YE¥PIPEoup VI11 of the Periodic Table of the EF&HEHRIY06114
optlonally in combination wth one or nore4metal oxides and/or other
metals as pronoters . ~ . It is nost. desirable to enploy a highly
efficient 10 ce@atystingntherméxamrehwiﬁhs@h@mtﬁmmanﬂaqnaﬂmﬂamem. hi ghl y
efficient catal i ne mhl exhi bits .no g¥ a h| h | evel of activity

t
‘for the convers?%ﬂp%¥ gHFBoﬁ“ PRSRGYTGe 14n g WG oS but

al so a high degﬁ@epp§c§gkngbﬁgEﬁ 59 nRhgRers . nnlecular hydrocarbons 15 in
particular C5 hydrocarbons and | arger, henceforth referred to as "C5+

hydr ocar bons". M%ﬁ@#t@ﬂystshésédgﬂéeth@fFbﬁ&h@hrﬁgﬂﬂ&Qhu;yﬂihdquGmhnhnns

shoul d be | ow. r art that the ci of a
catal ys in gé%%r%fl?%c e%s%g gsrghge ?;5 §F°Fh§r€§FhW§§5!5§$t e
decreases. Furtheriogatatysle shiouhd sheweatRli gbpstiaialiity.id c%mblnatlon

deactivation should be very | ow.. The Fi scher- Tropsch s%nthe3|s may be
carried out ~_V%ith @reh Darfelptef peagesoAndégirmeshdomanedimplas a

flui di sed bed_ WE%! a slurry bed regime. Wien using a 25 process
enploying a fi i?%é%ﬁ catal yst particles, a najor consideration in the

design of the proceks is mdet pesssabiedtopenpioygh hhehast alffstciked. It is

nost df&lrable that t he pressure drop shoul d be as | ow as ~. ~~. possible.
Howevet? it is SETF¥TportRd FAEhetaFhet hapcher-TrpPSEb PgOcssSGirvén shape

of catalyst pardigfigs.c@sidiensiggcoiysthescahal ¥t cRabYHGHES ol o% fhﬁsd

bed is reduced, there is a corresponding increase in pressure rop t ough

Qhe 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,

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 (;)
Cﬂ 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

possible. However, it is well reported in the art that,

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



catalyst bed. Thus, there exists a conflict in the design WO 03/103833
" PCT/ EPO3/ 06114 .. 3 of fixed catal ysts beds when trylng to achieve a

satisfact of catal yst efficiency whilst keeping P8 £ drop
..t hrough theﬁésgl\b?% a mnimm In addition t% t he above, the %gtgt{aﬁ%g
0

particles 5 should be sufficiently strong “avoi d undesired attrltion
and/ or breakage. Especially in fixed beds the bulk crush strength should
“bé (very) high,ofsfbsdg aﬁéalM§éé bﬁdéowﬁéﬂcﬁanP@a@poﬁ§heEVWpato 15 met er s

hi gh. ESpeCIa|| h f t he.be .st.rengt h. of
‘cat al yst partlc?e%g%Féygoa ?t tCSSF%YS$h.? itsteq %a&8ﬁﬁl nﬁeePl“g

conplication i nt}@lespgasagréuat:bprthﬁpﬁgmedhecebal ytat apﬂtliwlﬁlllﬁts A still
further conpllcatln? elenent is the manufacturing process of catalyst
particles. There isla addihéed forthefabeverselhei ¢atglyaéxpansiedeand

sui tabl ¢ manuf aghul; 9apBr ogesscublchy bkl oggable stbepraguetin of

catalyst particles I n arge quantiti 'e"of " ‘such™a comrercially
avai | abl e manufact oitbgnpendéss bSeahagextEﬂpeemamugceﬁsf12@dAbé@@dth@|y,
there exists a need for a cataI%st or catalyst precursor conprising a

Goup VII1 el erdhtXantiish BptFBRERI §hauproRBt éVes¥l eBLER  f ASNPERE 8FEnent s

of Goup IlA 1£§éHWh$|&éhmé¥8991|}@%c€%9§po¥3u Gteuﬁsvkgtets g; h& oup
VIIB of the Periodic Table of the El enents mhlcﬁ 25 cat al yst gplays a

hi gh act|V|ty'eﬁ&P%@i@ble@tythﬁ iteer Fesdhef - Thepbedsyhehesirengrocess,
G Spl abing a higIE UCRIETT MGt R C EGRbF Yot B STRREFPE) BSRouI APbS dery
hi gh. 30 In therpasddat i 6SAENEOHS] 2BEDEN 0f nVWBEK i BASnECElrther improved
(f' catalyst 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, whiie 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



devoted to the devel opnent of particles, in particular catalytically

*“active particles, for many different processes. There has al so been a
consi derable effort to WO 03/103833 PCT/ EP03/0611 - 4 try to understand

. the advantW@e3/18#@3 soneti mes di sadvant ages of effects of sBR&BERRHRH1

deviating from conventional shapes such as4pellets, rods, spheres and

cylinders for use in catalytic as well as non-catalytic 5 duties. Exanples

of further wel lcdkhovd shapest ai@ thagsdvaatayes| aals sofemialelss and C- shaped

particles. Considerable efforts have been devoted to the so-called

" pol yl obal " - shabetpHaa 2923, o eehfePéi aPabst ¥h¢st §e¥033A8%di9™bl e in

TL (Trilobe) Orco%§Mﬂ0 Lor Bhcn They éﬂg%sésregg?r@gwe\f%% tad he
conventional. {~ cylindrical shape and o teﬁ provi de advant ages because of
"~ their increaskicthdard aber twusewolnneatalyoicwhschelésabt aonmcateinitlier
effective particle size, thus providing a nore 15 active catalyst. A

vari et y° of shaﬁ%gnéﬁﬁ'designs of catalyst particles for use in the fixed

bed operation of thg Jrschersdrapsoher syoi eghswhavrapesnapeopesgd., Thus,
EP- 0, 428, 223 .discloses that the catalyst particles may be in theé form 20
of cylinders; maldveslsdfndeduwnbdbls exadpleskgpeddpastipdesng a centra

hol | ow space i ¢h .has r adi of between 0.1 an .4 of . the radiys of

t he cylinder; i %rékl%iﬁﬁl%F??wﬁ%Y% e??i%%E8g?goF°o%8eoFOfﬁglﬂ?g ol
other forms di S¢sabHdL USHaES, Z2dtid1és obwagyt cofatesia25caralyaicd to
be preferred. EP-0,218;147 discloses a helical |obed, polylobal extrudate
particl@® havi ng@theVaitlame shnpel of T¥hkelebror{@lr (deraraschel i éarmy wound

about the aXiST%Ef”géfU%(EE alternatives to the conventional

(“ cylindrical shape and often provide advantages because of i;;
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 thé 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 ii)
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 fhe 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



~_ along the length of the particle and its use as a 30 catal yst or
“catal yst-support, in particular as a catalyst or catalyst support in

hydr ot r eat | tions. The helical shape of the catal yst,d hd to
Wttt PGS

..reduce the e drop across fixed beq_gﬁqptors t hr ough

03/ 103833 PCT/ EP03/0611=t _ - 5 ' liquid d/ or gas reactants are passed.
In this way, snuller catalyst particles can be enployed in a' given

reéactor design ﬂéQﬁéétaﬂﬁéoﬁr§§§UK§EG¢@@tﬁEGU¥?éﬁéﬁﬁ§{ TR fuG X933, it
I's described that, %tﬂ%rsgg??lgfst Ba%‘éﬁ%ﬁ‘é'so% i YRE o ?1%' A S & IRt ant,
-in particular Wt respec 0 a phenonenon known as pressure drop.rkrom

t he experi nment akeg¥tdencespgavidedeet appeanrsddiate dasmypmreliguicegieachsul obes
suffer less frompressure dro than the closely rel ated S£nnetrical

quadr ul obes. The 10155§Hﬁgt??ggﬁﬁ§'sﬁépé§ F&eErebes ahétaéser isheds wt
EP-0, 22@, 933 bygﬁ@&rﬂﬁoﬁ@QP g'%ﬁgglggQErﬂ%!Q%?Jyﬁa%Q, SeP-alad by ,a

channel which is narrower t rotrusions to prevent “entry thereinto
by the protrusiwnsh ofsarcadifacenphpachecios. Kriowns atsapglets siur eERr@ 22 ¢ 1388

15 that the shape of the particles.prevents them from "packing” . in a bed
causing the ove QFIeBHFE188H§FEyeBFgePﬁ§ PACAYEA B&daPBeG§SI5%@tSince many

of the findingsakPmhbBerakt @8R8 6G2BHELCELAG e raNd SR @SS Br c@lsQR PRI B
continue to be in existence, 20 especially when surface-to-volune ratios-

are increased byheedtbiénglpaeivcrelsied, syrewes riisadt iquadguAsiger abine room
to Seagﬁh. for aéé)ermrm”QEHSaﬂgpSﬁa%dc ta?‘lt%{tc'l%%l li%ea(&te's\é?‘ibeér ihcl es whi ch
woul d di'm ni sh or‘'evén prevent “such- problemns. | t "has now surprisingly
been found thatEspeckpocaBBybyshapedfcakahyphipanti pres rasioatabydng
precursor particles offer unexpected and sizeabl e advant ages conpared wth
separated by a channel which is narrower than the
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

(i' - 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.



cohventional "trilobal" catalyst particles, especially when used in mass

"“transfer or diffusion limted reactions 30 in fixed-bed reactors, for

instance as catalysts in the Fisher-Tropsch process. _ WO 03/103833

. PCT/ EPO3/ 0®/D103/103838 SUMMARY OF THE | NVENTI ON The present iRGT&ROB/OEH 14
therefore relates to a shaped catalyst or @éatal yst precursor containing a
catalytically active conponent or a precursor therefor, the conponent 5
sel ected from edqueare oF hpupnYEARtIok the Periodic Table of the

El ements, supported on a carrier, which catalyst or catalyst precursor is
-an el ongat ed shapedtheaprest¢rt conpenting thecefpret rediates daclk skiagmd ng

f d attach t t jti wh i h tral 1 it
<21 1 gned al o VHEY ForgH t Gt ALY hxPEoEPERRG CRRFERERES EneabAddEIsedtin
of the particl &@ecepytsapbhent SPACE pheelpassednbyelrhe , ouher efgeReeft Si X

circles ~- around a central circle, each of the six circles touching two
nei ghbolri ng cigelestehi feentplerentsepfabragPcViélesf theaPerdgdiid@i st ant

to the central clscl & Antham, B at LachedooteelingoantLal gl cligy it nus the

space occupi ed ee renmai nit hg-outer crrcles and including the six
interstitial regtonsystDETAl ¢ DESCRPPIEONsEOF TEEa hNYENRLENeR0 shiapest known
that the type of reactions whjch require solid catalyst particles are

often limted RAGTHE TRt HIIHIT uSPBRE P PhEUFLAEFaRES RS CPRENTatAI Vst

particle or by fhe st foidy did fASEOn: P41 HEs VoL NORREEIHCE RO ENR a1~
the catalyst particle. This is especially true for liquid 25 phases

reactibhs. Accoodiinglon icataliygtepaziongeshehichgitigphay axhsghf the
surface-to-vol une r.atio ar.e advant ageous. I% ﬂ s beepn.found that .t he
 HOBRT BN R

cat al yst part i 816 Hor ditfy TPITHETpr 2eRn? P#h VeC5CHRY§BP the

erface- 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

(w



to-vol unme ratio than correspondi ng conventional 30 "trilobal" particles of
"simlar size and suffer substantially less frompressure drop than such

cor r espondi ntional "trilobal" particles, due t_o hi i.dage.
In additioh&ggggg% C5+ selectivity and a W) 03/ 103833 PCT/E%%??3§@%‘§ -

- 7 good stability is obtained. An additional advantage is that the
selectivity for |inear gunbranqhed£ products is increased. Further, the
particle"s are 90Pfi ef8Rily Lyt Adngbtandecan APasiddi tiensddediprdagausion. 5
The shaped cat ti : e r f_ an i e terial .
‘provided it isatgggbpggo%%gg?ﬁ%%qg og%gsEE%F%réﬂé%&ﬁéﬁﬁ%éghagﬂﬁhef?ég s

i ntended shape iscrebtaidned@uribkelodshef ppreparlieny axuc kififapesntngl ude-ong
pressing, extruding or otherwi se forcing a granular or 10 powdered catal yst
or catalyst pre@BfsBRMnBEELLHI PEnfGdey Y 68 TF498s under certain

condi tigns, which wehl sghsbgechihat ysRepRatticGls LaHAIRS g eIH %}Sﬂ
shape, <c¢. both during reaction as .meIF as during regeneration. _
catal ysts of theuipabésemetienvent ponyidspeditalilsy cathbfler ofséeiimgt he

Fi scher-Tropsch_process ,conprise, _.as_t he, cat tically actjive conponent, a
net al fron1CEOU%P%$??Se8flphguﬁgrPoHF¥ $58%e%b lfhé“ﬁ@@%@ﬁt§.aﬁ@ﬁﬂfbular

catal ytically asbtyenset aMethbekuUde putBaRiuf sutd®Nshagpelkalihcandeni ckel
more preferably cobalt. Conbinations 20 of two or nore conponents are al so
possi bl e. Pref PE®F§INda EXEEHELNYr Bpsehhearasysiorsinged. grandiaryioal ds

b oTh S opbidsraoLaBat gLl oy cTRLE Biebesltcl pUBRLaT By
pur pose includewaai@bbashapQS ondtai nengakhscheditiops¢chwhatal wsttl Such
catalysts are éﬁ?&gébgga%ntﬁgepgk%?é éuggtaigg %h%'régu?%gggZS%gge,
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
of the Periodic Table of the Elements. Particular
catalytically active métalé 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
(j' ' 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 H»/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.



WO 99/ 39917. Preferred hydrocarbonaceous feeds for the preparation of
"synthesis gas are natural gas or associated gas. As these feedstocks
usually r-esult in 30 synthesis gas having H2/~CO ratio's of -close to 2,
_cobalt iswe osanss3good Fischer-Tropsch catal yst as the user PEAEPE3041dt t hi s
type of catalysts is also about 2. _ WO 03/ 803833 PCT/ EP03/ 0611~ 8 The
catalytically active netal is preferably sup- ported on a porous carrier.

The porous carrier b2 8oL eeLedyf LR 9BY mak atthe sSwirkall e Higf rs%g_ogy

netal oxides or silicates or conbihations thereof known in theé art.
‘Particul ar exanpdesedfoprafperedsporousecar Fher porecisuderrdicr ogy deum na,

titania, zirconia, ceria, gallia and_, m xtures.thereof, especially siljca,
alumina and tit %?t?%sglégrf‘aﬂ’% ??OﬁbeTﬁgl ﬁ"%&ﬁt i LRSIt MEAAy Oé{c]t‘#/se
metal on the 10 caf1jestéoropptoRBimbel baEMEREe oy Miehar abl Y Hen e

range of from3 to 300 pbw per 100 pbw of carrier ( __ , material, nore
preferably frorRaukiouBar pbwampspecPil pyefesrrdorosofs ghwriers| fingdsideed,

the catal yst may. al so conprise ope,_or.15 por al r. _nmetal, ,qxi des, as
pronoters. Sui t5y et um]o&?degbtfg%?érélr 39ggt3’séle§&taédtg%rl&r}léea&ﬂjps 1A,
111B, VB, VBmiMtBhods Goelpedt) BeopethelPerkadicaTablamdhat Bed Elienerits,

or the actinides and | anthanides. In particular, oxides of magnesium
cal cium strontSRACEOL barTiP2 - scandium yttrium |anthanum titanium

manganese are very Bt (e promotaraty ELes by BFEGrEr by Bl PEy FBE et al
oxi de pgonot er ¢4,9r; dhefsr - Jpt Labml Yot rosREnte. @rsep%eeaa@w par ahki ns are
manganese, 25 vanadi um and zirconi um oxi de. Suitable netal pronoters
range of from 3 to 300 pbw per 100 pbw of carrier
(7 material, more preferably from 10 to 80 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 prémoters 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,

N



may be sel écted from Goups VIIB or VIII of the Periodic Table of the

" Elenments. Rhenium silver and Goup VIII noble netals are particularly

suitable, wtl i num and pal |l adi um bei ng especially pre h
.. amount of y@%@ﬁ#ﬁ%er present in the cat al_ysgt is suitably |E8{r{@9¥%{s}£b§ of
fromO0.01 to 100 pbw, preferably 0.1 to 9C, “nore preferably 1 to 20 pbw,

per 100 pbw of carrier. The nost preferred pronpters are selected from
vanadi um WO 0371aB33R3SPCTFEPDBLB6 1 Fircongun gafgadedd nuthddi tiewziafconi um

and platinumin yiew 9f;1thei £oabi-bit et 9 RodUSE | ang ' -paraffins.
-The catal ytically act%le ne?aisoaﬁg theepr c?ngt gr %ginf?] %rags%?nfg,n%rfay be
deposited on the cdfhe ecahaletiablby anyive satbabkedt teat peRmotsuGh 1S

i npregnation, nXxing/ kneading and m xi ng/ extrusion. After depasition of the
metal and, if %Ibepsl‘%b‘fi aray }?ﬁeQEP8ﬁ6F88 8R thE EArFi&F MEteridl, bpheny

| oaded sarrier dsitypi&atlyacubhect gqchoaga&ﬁgﬂébhge-iomemiafiﬁrqgfftkn%fadti@m
calcination treatnment is to renove crystal 10 water, to deconpose orgarmic
conpounds and tan&cmivengi evtganiencofpoenddeposiiépn pdspdet meeadxiages.

After cal cinati he resulti catal yst _ma activated b C
contacting the 1Cf;{1a£é,%?p%$ﬁe hyﬁﬁ%géﬁ%ﬁ%%?égggn.‘:aESﬁFEi WF%&IQQQ,' the
typically at teameled WesrDér aboutyg00at 0y 36p3808ted Ebher1phacesSes ok

t he preparation of Fischer-Tropsch catal ysts conpri se kneadi ng/ nul |ing,
fol l owed by extdiid%n, cHryiagrebfenabiPBntapat@entvasi ba. remhgesgirysied

ratergb (o, e gnec catalystputigles shAOale pracescRy LU R

nmet hod is an extrusjan proggssynabetei thai shapspbteivdooughdepr ehgrably
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a 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 examplé of a processing
method is 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 proﬁoters may be applied

to the extrudates by impregnation. Other processes which

may be used are palletizing and pressure moulding.



optionally one or nore sources for one ~r nore of the 25 pronoters and the
"finely divided refractory oxide or refractory oxide precursor is mulled
together with a suitable solvent. The nulled mixture is then extruded

. through anwarisfiosss3in a die-plate. The resulting extrudat es rareEriBioeds | f
necessary, (additional) 30 catalytic el enentgsources and/ or pronoters may
be applied to the extrudates by inpregnation. O her processes which nmay

be used are palletizing e r l.di_ng.. 3/ 1 PCT/ EPO3/ 0611~
- 10 The sol vent f%]lrlgi ﬁngglﬂgn%?% t%ﬁgq%sgtoglr é“\ﬁgﬁ gglg(ﬁcglgrseof%}’ﬁgb%uﬂ%bl e
sol vents known ¢f the antrablXanpbesedfts knickablie I0levaitts. imCdmsiee yader ;

al cohol s, such as, nethanol, ethanol _and propanol; ketones, such as
acetone; 5 al detydeableusRly¥enppopaFatdeand tarenaliconsdisvertach sagh  as

tol uene. A nost,conyenient:and prefar sol.vent, . t jonally in
conbi nati on mﬁfﬁ met hanol . Tﬁeogse of%E% %ﬁ ﬁé 5F§§Sﬁg?egﬁgﬁg%%%§p %ﬁhe’
formati 6n of tdkdemy@adedsshhpesopropenadt;alkyst aparnzitdleesolBentld, pwdles

are well known in the art apd can be made from netal_ or polymer material,
especial ly a tH&? rfb%lr‘éi??c_ Rrrﬁ?éﬁ gPnvepleng angy Pé&fg?&trﬁ_cﬂ/s%’lpvaﬁ"ﬁ ci®s
according to thest¥esesbt ibAYENYi 9N Ba¥EiRathosSwiest R Hahthi ch the three
15 alternating circles (form ng part of the outer circles) have dianeters
in the range betwedh®. Jge apfl 9p8cifihesdiehpldianeearbdfest hdecdmmation

circle, prefer V. .bet n 87,and 1.15 tine he di anet.er, of e central

circle. Mre p?@ é??%dyﬁg %?%%ts%gP?-P€|§§ea88§F§Vﬁ5 Psgﬁﬁgl??o sent

invention are tglosedavisgv@lTrReSwhiethi 0Rei BrtWahehchhe pvehregicaltremnat i ng

circles have the sane dianmeter as the central circle. Suitably the distance
bet ween t he T&fride A tROhARFRgPeTREL @S/ afBPERE2&ENT PafFhermoplastic

C_ _ material. S
Preferred catalyst particles according to the present
iﬂvention have a cross-section in which the three
15 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
20 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 k~)
circle is the same. This distance is preferably less than
25 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
30 . . alternating circles do not overlap with the central
| circle. In case of any overlap, the overlap of each

alternating circle and the central circle will be less



citcle is the same. This distance is preferably less than 25 half the
“dianeter of the central circle, nore preferably |ess than a quarter of the

di anet er of _ ral circle, with nost preference given icles
. having a C\Y{}Bg@g@g}fi on in which the three al.ternating ci rcllte @?@06%4

attached to the central circle. Preferably He three 30 al ternati ng circles
do not overlap with the central circle. In case of any overlap, the
overl ap of eachthain énatfi fdciangae ehdhdecerhtahlctretee preferdbliess WO

03/103833 PCT/ ERQ3/ 06114 . 1 h 5 he, ar the central circle,
preferably Ies%efé‘ﬁ’agc ) 2rfzdr jem(3|t)r%aef erea%f%}# sl%'nsg%ﬁ%%.?fh Figure 1 a
cross-sectional viewnofrilgheenista quefLrdeast paddl clese asEotide ngoso t he
invention has been 5 depicted. The surface of the cross-sectional shape
(i ndi cated by tR&edsLr@d Bt i e Tt ibedt astifefimeentiant hes nagan
claim 14 wll hegleay frmem thy,sfAoye tr(éje@fféé—_@ewfoféf’sérﬁggt' on of
the preferred particles that 1n the concept of six circles o qual size
al i gned 10 arouridnadicentdalbycithel esadfid helrsaimecai Zee ededcoilbed asidefened

borders its two.nei ghbour, circles and t. entral cjircle whil st
subtraction of tHr égeapﬁépnéﬁaﬁﬁ"o&terw’ge]c&iecl%]seaﬁ nidi Tat Fet Dyt HRE ot t ed

line) provides thepiteTRigNitHE eSS SRl Qh dtlidde lﬁ%éfé’f‘%é@%aﬂi&i@ﬂ

(the 15 central circle and the three renmaining alternating outer circles)

t oget her with theagi xnatégs copcesd P tshex iqictalsiorst ofqude semraligned| e

and Si)ﬁt imes two agj acent _quter_.circles hese areas are referred to as
S

"interstitial ares¥"? Fh&CAAFE rceln%ilrﬁ r?gf al't%er54ts nsgl7290 %%?l'éro%‘??lél es are
equi di stant to thectenbbaldetisr ke thhe ndiemBoweduidiStantandst s egedier£i n

refers to the circunstance that the distance between the centre of the
(” circle whilst subtraction of three alternating outer
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
(j' | central circle to the centre of one of the outer circles
" 1s 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



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 renmining outer circles. For the purpose of this

. appl i cati oW 340888 m " equi di stant™ may conprise devi ati ons P¢F/ER§39604 of
the distance, preferably up to ' 100, nore peeferably up to 50. In the-nost
preferred 30 enbodinent there is no deviation. The circunference of. the

preferred Shapeéraéétgel:%oa%%w ng;omltn%ﬂ esgid gildmand s Q¥ ighsuch that
it does not contain sharp corners,” which can also be expressed as the

derivative of thert\WDc086108883mMPET/ ERPGFEOGEDL partizles og5-et i dIh e ng

continuous. The dja of th artic e (.t he r.ef rred tlcles in
accordance with* %}Hngb?eggﬁtsepﬁvéﬁtvegﬁ)m l(fefdi Endjeadg atsne atc
bet ween t he tar&@meéhnEhéhabnt;@u@hqantev\@h@rtottrdmwss ad p&&ﬁumwrﬁmdﬁ el

to this tangent line that touches the third protrusion. It is indicated as
d nomif Figurexilingnpghelledase thas thagemted ige &hadt itRpdigclE@se have

ane Jor Lo difierent, dharRLeLa: d:nom LS die Sl o het hoees; dieasy ed

di anet ers divi ded ree. reé protrusions a he' ce
position togetherther ahfshetﬁé@sshseezhlr@a efl tieie atdtnal yStrddres Q&I\ad Ysie
precursor. The main part of each protrusion is formed by one of the

(remaining) al tRF natPnglEFPEFRS. ITABSIRESN FarCTof St A& oM™ 4% gl riisioh
is fornmed by thﬁea?uf@&'t&ﬁémé‘cé‘flsedl-\';fi%eh”bgr stilblal areas are di v! ded

between the central position and the protrusion by a |ine perpendicular to
the |ih& connectindTihdetloeaerprpbrnsiofnis ehd tént r:&ht@’iarlcp@sa;mdqrhe centre

part of the alternatin circle. The endlcul |ne tted Ilne)
crosses the 20 T¥HhEL nBOF’i“nt EsGFPd I_ISEE)HSP 8 @&5@1 % i the
catalyst precursor. The main part of each protrusion 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 protrusion 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



m ddl e between the two centre points (see figure 2). It will be clear that

“m-nor deviations fromthe shape = as defined are considered to be W thin
t he scope ¢f ;)ﬁ) 5 | present invention. In the case where 4 g{ yst or
rusion

.25 catal yst precursor of the present |nvent;l9n is prepared by an ex
process, die-plates are used. It is known 0 those skilled in the art to

manuf acture die-plates having one or nore holes in the shape of the
particles accof@¥hgtiene- RECpidsnt |1|Q\fentﬂr§r¥%ﬁ?d>%|‘@ﬁmd} erande’r80 can

be expected in Igftéggkssl GRtRLQdYei RG SUGH d'wq l‘plr%tsfp%r chtot Mg r&sPeet it

is observ?d tha pressure release |rrrre lately af rusion nay
result in def oslrmpéoasotietfﬁleeelxunudmeeprelsgmal liyn vtelmer imirnor VWO’ 03/ 103833

PCT/ EPO3/ 06114 - % VI ati 8ns are within 10% preferabl Wi thin 5%
nmore preferably wi FﬁrZ% YPYCAOMPRPERSPeSpe b PG e Nded théhape as

definedsin the pieseptti B¥eBhE@Nyst ﬁ&%@ﬁr@o&yﬁbg%ﬁcﬁ%%c%gst%k preparation
of the 5 catalyst or catalyst precursor particles of the , invention,

bet ween 10% andi1099% 6PNt heehvabar 18f padt iLO0&s ofr ¢dhec edmbreef erfabl vy have a

nom nal di anet er V\ntfe eV| ati an ggfges?} th n 5% of Ot heaﬁh e as defined
in the present ifiven |on Pr e\‘lera gdst *56% of ‘fHe RSt

particles have wait1ond n@évdeaﬂehebfmtehsatdaw ati o ehel @:&%pteh%@ Hdbrafndde
shape as defined in the (-~ present invention. = It is possible to produce
catal yst parti cllfésth%cﬁéﬁaﬁﬁé {BVEREipPesBAE IEAGEAYI 0AL WeRBGH &I0$0 odoriths n

15 one,gr more nal.eey ol opg-the1benglheol hBRiRAN! LLh gteﬁoglltﬂstance the

parti cles can cont al nore holes in e area rtorne tahe central
cylinder (the (meujrattlom o€l kesa thencbdssfsebtki shagevan idlefEln@lcﬂr @nl)the
?nd/ or- one or prmrseeggllegvérrlltggg or nore of the alternating cylinders
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 caée, 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



20 (the alternating circles in the cross-section given in

Figure 1) The

"~ presence of one or a nunber of holes causes an increase of the surface to
volunme ratio which in principle allows exposure of nore catalytic sites
~and, .. iwoasyossase, nore exposure to incom ng charges whi ACIVERN3/054 wor k
advant ageously froma catal ytic point of view.-Since it becones
increasingly difficult to produce hollow particles as their size becones
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19 the parti ches oresenty Lag. tbslaggwsfofc he -RaNes g sl N

particles are not included in e Vol

e par i cles use |n t he

experinént to txemlza's&:ﬂbetllyh@beveathat hadtaevalod@gxeamfl\Aeyp\tcraJJquaaso

which is 5 substant. bove that of _t he Cﬁngaratlvg "tril
340 3‘]"?7’& \?6’ Fade*of a

particle, the J8ik %T ?cﬁoh B8Rt 88 YBiFlsPmovEre

bed of catalystrwgw¢d£a£% e 36£05 db8Y b0 chNg1iBYeRhLiren che sSuid-alldi nRetween
e

45 and 800, preferably

tween 50 and 700, nore preferably

bet ween 55 and

65% 10 The catteheys?tmﬁ%m‘fti@m eks a@@bt@ibhg b@tWﬁ@npl‘lésémﬂ 8|0wve@tr|e(fr¢r@@dybe
descri bed as havi.n th te ratlo
Bl e & e Bhel bt raRvaheRss™ass Breh tote

particles accor presen

range between 1 and&&Bcé%éﬁyﬁﬁﬂﬁamti&mt@aé&¢@£@5ngce@rdhagp&@sbh@ 15

present invention have a L/Din the range between 1.5 and

20, nore

preferably in HRYSIHQRN AWM 2e3FRLASd Fprhadkadprelenrshysiametes used
(h the experlng%klkp 8®/D) of at least 1. The particles according to the

present invention can have a L/D in the range between 1

and 25. Preferably, the particles according to the

15 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

20 present invention is suitably in the range between 1 and

25 mm, preférably 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.

25 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

30 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

{
\



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

bet ween 1 preferably in the range between 2 and .
. dependi ng gﬁggﬂéé§ pe of application envisa . _ The catd%ﬁhéﬂ%@ﬁVérsion
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process may be perfornmed °~ under conventfoﬂgl_synthesis condi ti ons known
inthe art. 25 Typically, the catalytic conversion. may be effected at a
tenperature in Pheseafgenygkenftiom 150et ¢mROMtCoL musfdrctl ydnmom slgty tan@60
C. Typical total pressu%e§t.for ata%%ki%:c nversi on pr.ocess arqvln t he

h
range of from31 t6°260 arlgﬁgo%ﬁgg,l$ﬁr b EAbIRF TP RIS 3070 bar

absolute. In theegatabMt 6 &8NYBESHeRRrOERSHUERSNEGIAIdtY 1BYL thEN 1M %
of Co5+, preferably nore than 85 wo C5+ hydrocarbons are forne-d. In a

typi cal conver&P®BRapeEcESsausPnyed séenaPyocessc oridimg imd liahre 4B A3/cr03833
PCT/ EPO3/ 06114 _ ~- .= = nt i i t.h nt, of .prodyct.s

compri sing one “3PARET e, PRERE 2 BB da 54 td R CHENSeTorth
referred to as Ubeanchedeénghiaduehsthes catallgast a2000desSone@mRaed to a
conversion process with sim|ar reaction 5 conditions, where a conventional

trilobal catal yS"#3t1088d. CPEpBRALRG 6k REV¥aMarysCoartd fMRY &6nvér Fidon

diti , th t of_ h c2 b to, .60 w % ti
ip 10 70 % a0 Wohot PHBSCOUER B o0 1D HE owe S PRarBralty & GO

catalyst is usegilpn $oWids 0 PREELEBYOai Sobsed ERAGIsA! ¥ Lsld,0h awrn
|l ower) and a |ow tenperature is used (190-230 C). To avoid any coke ~_
format+8n, it ike{feferktd i6 usedahepRLCDRLAYi 8 -Of &F lkdgst lOWSI)| @ik a

especially preferred to carr¥ out the Fiéﬁhgr-Tgopsch reaction under such
condi tions that:PhetSBEGEEUFRhASvaFGe, (F3P ERE obt ai AGd2PPEGuERy KaKeng at

{east 20 carboretBiohs 8 L8astePe9284 PhehigbahhyHalchedstio of at

least 0.3. It is especially preferred to carry out the
Fischer-Tropsch reaction under such conditions that the
15 SF-alpha value, for the obtained products having at least
20 carbon atoms, is at least 01925, preferably at leasf
0.935, more preferably at least 0.945, even more
preferably at least 0.855. Preferably thé Fischer-Tropsch

hydrdcarbons 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 - iﬁ 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



0.935, nore preferably at |east 0.945, even nore preferably at |east
"0.955. Preferably the Fischer-Tropsch hydrocarbons stream conprises at

| east 35 wt % C30+, 20 preferably 40 ws, nore preferably 50 wt% The
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bed process or a fixed -~ bed FT-process; ¥specially a nmultitubular fixed
bed process. It has been found that the beds containing 25 particles

according to t L0041 98202Y8s; Ebr AnGRofem ta%c@l%%hezam | gher
tri

voi dage t han be s con ining the correspondi ng conventi onal obes when
packed using theyntedsiknpmwcésock | oadi ng" techni que. The voi dage.
obt ai ned when using the conventional tril qbal ga pe,anoynts up to 30 about

95% wher eas use of e Par+EFesPattbf tFfigiesctARSdNELEAD iGRveftliSeh Pe

produces a Vvoi 5 i SUGH PRLLLL! far
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i nstancg the Fusnh@xcﬂéspsshuSSthhesls pebeessto- Fneed@mgbygw p@mmwcies
descri bed herein can L es...The

1
ot el Toned: Bp e P D Camee g Haf 87 nEr b B e DB n s Rah s ERi s g

particle conprisgidithdtyE&eeProd rastonsreacpoext esdi nghkr e@ntand disaghes to
a central position, the central position being aligned along a

| ongi t udi nal atiesing hel bared (1 kondavi hgnaitrdsBadeerion sHCuPRTig dlife space
enconpassed by ,1Q 4 esq% q9§§t05n56éc8%%f£ ftﬁrOEEgF@ %%%%ﬁ%as%'%Fl

each of the six circ r|n WO nei es whi HT
alternadi ng ci ntlesower eéwg@h SéANgix c1f@1é@eacenhﬁala centlraland regye ,be
attached to the central <circle, mnus the space occupied by the three

remai ni ng 15 oR3H QF cHR Hid FHEFLRIF P FRRELNG FHPeP§ﬂBPP§Prﬂ€§|ons .
@h' ch protrusi ons. e end, &l ong. 3k &l L S A LAY WRHREs are equidistant (!

to the central circle and may be attached to the central
circle, minus the space occupied by the three remaining
15 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
20 to achieve a given selectivity than is necessary when
employing straight lobed particles, resulting in a
greater reduction in pressure drop across the catalyst N
(: bed than expected from the prior art. Alternatively, for ﬁ\)
a given design of fixed bed with a predetermined pressure
25 drop, by employing the helical laobed 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.
30 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



about. the longitudinal axis of the particle. By enploying helical |obed
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..enploying s | obed particles, resulti Eﬁ in a greater reduction iri
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pressure drop [weguihgmertmplds).The invention will now be illustrated by

means of the following non-limting exanples. Experiments were carried out
to nonitor the EX3ERée. ITPERRARSEEGRe S (tqildphemsilapad matdlkyss made up cf
WO 03/1@3833 P éPE’QéﬁQ@ljcéém aralfyelyril obe-shaped extrudates (conparative
exanpl e) and ugrrg-—c‘at—al yst Barti cl eg havi ng a shape as defined in claim1l
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particles (Comparative) Tril obe-shaped catal yst particles were prepared as
follows. A ni xtﬁ?gla)d%-p%\e’aéﬁéart%omaéi REFG21AS Gorderimemd d143 Gvai l-abl e
titani a powder ; u ; : Yer ci.ald id e

powder, 10.3 g (glg&ﬁl\/ﬁ%%igg H%%Q%rllgpg%gé%%aﬁ%r %Io%ﬁee%ma(?usr %Q!mhs&%uuge?féd for
15 m nutes. Theb®i gt apemeasishapedvasilngpla Borliddh » edwdeder .10THe g esul ti ng
extrudates were dried and calcined. The resulting extrudates contained 20
wto Collnd 1 wt¥n (Ac) ThéHp@sanei A§ saraltyst pact mékdsrfadas krsadsed disad

shape having a m pal dianmneter of 1.7 mm
P 9 Pg anutes. The m?xture was shaped using a Bonnot

(W 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
kCatalyst 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).4Hp0 and 38 g water. The mixture was kneaded for

C; . _ 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
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The reaction was

carried out with a mixture of hydrogen and carbon

' The space time yield

(STY),

expressed as

grammes hydrocarbon product per litre catalyst particles

(including the voids between the particles)

total hydrocarbon product,

per hour, the

expressed as a weight percentage of the

and the ratio of unsaturated

product versus saturated product for products having

20

experiment after 50 hours of operation.

set out in Table I.

Table I

between 2 and 4 hydrocarbons were determined for each

The results are

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



nmohoxi de. The space tine yield (STY), expressed as 15 grammes hydrocar bon
" product per litre catalyst particles (including the voids between the

W%ic&@ipo%&gﬁ 2: age

particl es) §3394%5, the C5+ selectivity, expressed as a
. of the to?gfiﬁgdro

carbon product, and the y tio of unsaturate

pro

versus saturated product for products having 20 between 2 and 4
hydrocarbons were determ ned for each experinment after 50 hours of
operation. The ¢2k¥lystaPe $ef-ofif®i R5TaBedectivity of cataplyst A figple |
Rel ative C5+ Rel ative CO2 ?@égtive STY selectivity sel g/lcat/h ( o) ( 0)

Catal yst B 140 99%°D® &2.8<

expressed 25 relative to the results obtained fromthe us

6 1Q4.0 55.0 In Table |, the results
regardi ng C5+ sel eci“fﬂrhtt’hée:?éléﬁlﬂlg fromst hecuse 1@l cCakaky ngB&rgqaze

3163833

PCT/ EP03/ U6114 bettd® peafatysnca, thas. chhel@st delechi vietpeaft cat algpst A
is taken to be 1000. Fromthe results it is clear that catalyst B gives a
better Pperfor meIREEEhanIEdt ARySheAFWFEReFedpepschopeosessselfégtivity in the

Fi scher - Tropsc @fﬁ%ﬁﬁasncghgf @§££9gg@ggeigf F%@k@'ry%%eﬁ itﬁgtﬁg

t hough the anount active materi er “vol ume rTeactor

ter._even
haﬁpgr for

catal yst B t harerficunttabfil ystide dacetdal hpehi ghaumeveiedager Thusmatlher

speci fic shape of the catal yst

articles enables a better use of the

B 10 )
expensi ve cat al CHed bYFhi B 1@?“E§§ﬁpFétF@Y5t A, due to the higher
voidage. Thus, the specific shape of the catalyst B

10 particles enables a better use of the expensive catalyst

material.

"

( Example IV

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

C:' 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

1s 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



Catalysts A, C, D and E were tested in.a process for the preparation of

"~ hydrocarbons. Mcro-flow reactors 15 containing 10 m of catal yst

extrudates A, C, D and E, respectively, in the formof a fixed bed of

. catalyst waergscisss, were heated to a tenperature ‘of 260 C, PEMEP03/06114
pressurised with a continuous flow of nit+dagen-gas to a pressure of 2 bar
abs. The catalysts were reduced in-situ 20 for 24 hours wth a mxture of
nitrogen and h C e .of
yrogen 1t he e e e T e PR ea P oy B oS 1060 T e

wat er concent r &fdtovedm 2 leenadf4 - Igﬁirmarkelps ‘belrev\dete3m®@epiprfwr 2&ch

Fol I owi ng reduction the pressure S increased t b a he reaction
was carried outez’iﬂecrﬂnéf"fﬁpﬁﬁfr%r VB PYeFBgR %Hﬁré’éfLBBn %ﬁo% eFeltphare
reaction tenperahurg ¢ i, exdyessefl as the weighted average bed tenperature
(WABT) in C. The space tine yield (STY), expressed as 30 granmmres

hydr ocar bon product per litre catalyst particles (including the voids

bet ween the p.asticles) per hour, the &5@ seIIeIctlwty, expressed as a

wei ght percentage of the tctal hydrocarh 15 product, and the ratio of

unsat ur at ed WO[037 103833 ~ PCIT/ EPO3/ Svst 20 dgtcg)lg;:gt Mer g Safdi at el
product for products having between|2 anc1y4 hydrocarbons wete det'erm ne
for each experiment, a¥ter 50 hours of Openati®n| The jreSAits adte | s€D out
in Table Il. Table Il Catalyst C Catalyst D Catalyst H Inerf, 0 0 50 0 50
0 50 Relative|STY 200 132 200 132 200 132| Rel ative {5+ sel| ow Q1+ 103
103 109 103 10%dO% jve sTY 200 | 132 | 200 | 132 | 200 | 132
Cj Relative Cg+ sel,
Sw/Cl+ 103 103 | 104 103 104 103
Relative Cq1-Cqq4
olefinicity, 3%w 184 238 183 320 184 315
5 In Table II, 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.



Rel ative C11-C19 olefinicity, ow 189 238 183 320 189 315 5 In Table I

"“the results fromthe use of catalysts C, D or E are expressed relative to

the results obtained fromthe use of catalyst A. Fromthe results in Table
Il it is clear that '~ catalysts C, D and-E give a better perfornmance than
10 catalyst Ain the Fischer-Tropsch process. The performance of catal ysts
C, Dand E is better even though the anount of active material per vol une
reactor is snmaller for catalysts C, D and E than for catalyst A due to

t he hi gher voidage. Thus, the specific shape of 15 catalyst C, D and E
particles enables a better us.e of tkhelL éxpeNsisve catal yst material. - 21
CLAI MS 1. Shaped catalyst or catalyst precursor containing a
catalytically active conponent or a precursor therefor, the conponent

sel ected from rutdhenbem chtonyseobal tadpdyshi pkebursuppeshedignng garrier,
whi ch catal yst or 5 catal yst precursor is an el ongated shaped particle
conpri si ng t e hbibbteasipnacearh exmeabeng Prom rndcuasrachbgredoa, centra
position, wh i r Lt i Lge al.ong the, |l ongi.tudi na
s of he o e REL" 8y BoBl kPl Rl R05E, T EPY.  2Bhs T Ehe 10
space enconpasissclby d$lnepouted edgescatrsex,cwhtbRScaanoysd arcentral
circlg, each of the six circles touchin t wo neighbouring circles whil st

t hree>al t er ndt3 5t %3 RPESCUEFRT edBi AN sEARRIRbeEheNeRREr BRIELFABe and may be

attached to ddig el tgies! frofkAYSohBee5PACExPEAUPHET R¥mt ARg1S three
remai ning outer circles and including the six interstitial regions, the
shaped cat al sttasgthashttad yatcepreelrposihaohngvhecedsstbecteohrah which the

three renal%ag%gﬁéﬁﬂf@léfgggéé0£ 8n8a¥Eedigg§£€£§i£QltQgigaggethe

particle, the cross-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.



between 0.74 and 1.3 tinmes the dianeter of the central 20 circle, the
"“overlap of each alternating circle and the central circle being |less than
50 of the area of the <central circle. 2. Shaped catal yst or catal yst
. precursor according to claim1, whereid? the protrusions are helically
wound 25 around the |ongitudinal axis of the particle. 3. Shaped catal yst
or catalyst precursor according to claim1 or 2, having a nom nal dianeter

Din the range. IRiamen &adaBpgk SofMta s Y &f aptychetveedcBofdang 8o

more preferably between 1 and 2 mm - 22 4. Shaped catal yst or catal yst
precursor accOMiMF tof ahyiBhel ofocPaiveiein Bhewhekalntiraldatal ytically
active COMPONEHL; A Zolacis0b: tepelohests (erdrorbapgdegatal yst of
catal yst precursor according to any one of CTar e 0 ﬁ contai ning an
el ement or conmpdipsklettadyst oor GauplysiA pteédBrsd¥YBac¥Brdvhg, toVII B or

VIIl of the Periodic Table of the El enents. 6._Shaged at al ¥st or catal yst
precuPsor ac&SRdiNg toF THaths 1 9 & et RlifecRaftPBEFSCA refractory
oxi de, 10 prehgicably £d1d&ded af o NGr Sip tT1ANI Br THDr evpr efar abry, titania.
7. Shaped catal yst or catal yst precursor according to clains 1to 6,

havi ng a cr oé@lée@tﬁ ot dh %\%i%&\et?@r%wie‘é Tzlabsi oF nghal Eeéemantag circles

have di anetergs i ange. e . i e di aneter of
the central ¢Ci rglhtg?s%ﬁjr efera %/paéggﬁ%%e%lggarf %%%u%%%a% ?é{illn%rg%ur sor
havi ng a crosdasect ilorta b whiltdrd he the esarremmi né ng adfesoabingogide) es

have. t he sane dianeter as . the central circle, nore preferably a shaped
catat st or PEEEECARYt Precihslihhith tHer i ed'ar ¢ P RaEFFEPEY r el es
are attachedttieathhg .central circle. 8. Shaped catal yst or catal yst

precursor according to
7. Shaped catalyst or catalyst precursor according to

claims 1 to 6, having a cross-section in which the three
remaining alternating circles have diameters in the range
15 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 same diameter as
the central circle, more preferably a shaped catalyst or
20 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
and 25, preferably between 2 and 10, preferably a shaped
25 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
catalyst precursor according to any one of claims 1 to 8.
30 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

catalyst precursor material into various shapes under



claims 1 to 7, having a L/IDratio (mimm of between 1 and 25, preferably

"~ between 2 and 10, preferably a shaped 25 catal yst or catal yst precursor

having a length in the range between 1 and 25 mm nore preferably between
.2 and 20 mm 9. Shaped Fischer Tropsclzxatal yst or Fischer Tropsch

catal yst precursor according to any one of clains 1 to 8. 30 10. Process
for the preparation of a catalyst or catalyst precursor according to clains
1-9, by pressidiga Bxteding; o QL , ofheLMi 51 { oLgLpg.argranukar ot payder ed
catal yst or catalyst precursor material into various shapes unaer - 23
.certain condindterigis iehrew il t enguskeapdatbohle garingl eecacetannsst hell
resul ting shape, both during reactio s well _as regeneration, preferably
by extrusion%gﬁfﬁqﬁqgﬁﬁgﬁ%ﬂﬁ {%%%rn?€¥ 28 e ¥ hi PR Preparation of a 5
shaped cat al ySit. ariecailal s tdes BEES Of 0 RCESE diMOLhO® BRYpaoRLioh SFains 1 to
9 by extrusion, wherein the die-plate conprises one or nore orifices in
the shape of STREST s&talettioh oItahes e RFeeRr paFt peFesdaBIdERi AR i n any

one of ., clal Wheldk 042 Prasesssd or, Lhe pLeparatlon, of nydiocarbops by

contacting a m xture of carbon nonoxi drogen wt a cat

descri bed i n camprmrse sofored abmendre 0B fides Tatahysthapti ofathy bebag-
activated by cont.acti the catalyst precursor wth hydrogen or a hydrogen
containing 5Gas" £33 Biock %r¥%¥ R tkﬁ%ﬁﬁw%ﬁi%%Pb?ggué%sa%ﬁdoﬁﬁt?gnalIy
base oils fremadike hydr.ocarbons made by the process of claim12, by

hydr ogenati on, hydroi soneri sati on and/or hydrocracking. 20 14. Fuels and

basel @i | s obtl&i-n€dosess frocdde yrerferdrdided i mydmerasons 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

catalyst precursor with hydrogen or a hydrogen containing
15 gas.

13. Process for the preparation of fuels and optionally

base oils from the hydrocarbons made by the process of

claim 12, by

hydrogenation, hydroisomerisation and/or hydrocracking.
20 14. Fuels and base oils obtained by a process as

described in claim 13.



