14 NOV 2006 WO 03103833 PCT/ EPO31 06114 - 1 SHAPED CATALYST PA@FN@_@E FOR
HYDROCARBON SYNTHESI S FI ELD OF THE | NVENTI ON The present inventio ates
to a shapedooxteisyst or catal yst precursor, containing a C&TEMNIVAH |y
active conponent or a precursor therefor, the conponent selected 5 from
el ements of Goup VIII of the Periodic Table of the Elenents, supported on
a carrier, the catalyst or catalyst precursor optionally containing one or

nor e eummnsor$%m$m$&gr 1A pdd | B or
Goup VIII of the Periodic albge?(c)gf {Ee LiElogAg eﬁm%%éy%%é@at%%%lg%ié
catal yst precursor of the invention is very useful in mass-transfer or
diffusion limted reactions, such as the Fischer-Tropsch hydrocarbon

synt hesi s procddELD OFHHE AIMENTON urther relates to a process to prepare
the catal yst or ca r; for: t i e-plate
t’ﬂé’?ﬁce%re%ccu 1%Qfent1&erﬂd%(%%%§s§tmogra %g'tég{bd Q16 Al &5

used for the preparati of an extru yst precursor, to
t he use of theagatlalststpreasanmdd, asorita itrhiendhyedraeczs boniscqy eparediy 20
using the catalyst. The invention further relates to a process to prepare

fuel's and base GIRSTBY RidrbdBrt i oiRT MRS SmeriRatOIPORATl ctelected
hydrocracki ng Qfrdnl1& 2R d ofied, varocy P pSAGEROPR (F on"Echhe

| NVENTI ON 25 Shaped catal ysts or catalyst precursors are known in the art
and have been ddsorarien, sfuppeXatplen ian ddurmdipean tiRatarita BB10,027, 220. The
preparation of hydrocarbons froma aSEOLiSly m xture conpri sing carbon

monoxi de and hy @ Ggert by TBF NAP 2655 Lona containing one or more

elements or compounds from Groups I1IIA, IIIB, IVB, VB,
VIB, VIIB or Group VIII of the Periodic Table of the

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. ‘

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 1in
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



WO 03/ 103833 PCTI EP03106114 2 contacting the mxture with a cz{al st at
el evated tenperature and pressure is known in the literature ash N§h 06

Fi scher - Thppasinsgsnt hesis. Catal ysts used in the Fischer- Tipg@apos/seiii hesi s
often 5 conprise one or nore netals from Gaup VIII of the Periodic Table
of the Elenents, optionally in conbination wth one or nore nmetal oxides

and/or other netals as_pronoters. It i.s,.mst desirable to empl oy a highly
efficient 10 EQP&Fﬁ?P?gIﬁ Cefé &ﬁ%ﬂ“g%ﬁi§bﬁ@rﬁ$93§ééﬁ:ﬁ$%%%§§?¥a hi ghl y
efficient catakgsberstane WhcChredyie S snatnow Yin aHY ghidevelud activity
for the conversion of carbon nonoxide and hydrogen to hydrocarbons, but

al so a high déjee&isrhest-eopscaly sydthie§hidr- nol ecul ar hydrocarbons, 15 in
particul ar C5 hydr rbons _a | ar.ger_,. h rth..referr 0 .as. "Cht
PR alryt st Re b gPoament Lot an hrsriet e 9 e bons

hydr ocar bons”. Pre y egree Tof “branchi'ng 1 n

shoul d he | ow. cbinpirs set aughior mdrle meriaQls @rlont atouphey B f ief ey of a
catalyst in general increases as the size of the catalyst particle 20
decreases. Fur PREE0CDé St ARPILs oFhdiied Edea\wd shi g tsitoasili i yin jcgabination

deactivation shoyld Be yer %ﬁolr%wme-g}ﬁt S GRer .ﬁ@/ﬁf%éﬁ’ﬂ 'ﬁ?ﬁsda é“aa%’ be
carried out wusing a variety of reaction regines, for exanple a T ui di sed
bed. regine orpaosmbteky.bed regi me. Wien using a 25 process enploying a

fi xed bed of catalyst particles, a mgjor consideration _in the design of the
process is the prébsiiPe™@fbpCRidddHet k€ €APALYse padhit §ififant

desirapje that cLbe;peessyre dogn Sfouhd e 25, JW b JiPgaidl&s Hopever , it

is well reported 1n"the art that a given shape o yst
particles, as hhghiyzefdficiehe cattallyst partonel ediiiah afHdreid et sonkgduced,
there s a corrpspandig,i 09" 8238 /i1 PASEhe LR LMINE W rnon
monoxide and hydrogen to hydrocarbons, but alse 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. Further, catalysts should show a high
stability, i.e. deactivation should be very low.
The Fischer-Tropsch synthesis may be carried out
using a variety of reaction regimes, for example a
fluidised bed regime or a slurry bed regime. When using a
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
Pl 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



catal yst bed. Thus, there exists a conflict in the design 1 4 NUV 2006 WO
031103833 PCT/ EP03/ 06114 - 3 of fixed catalysts beds when tr ik 8t
achi eve a woasiigattory | evel of catalyst efficiency whil stPOREHIIBMAg14t he
pressure drop through the bed to a mnimin3 I+ addition to the above, the
catal yst particles 5 should be sufficiently strong to avoid undesired

ttriti d/ : i i i : : h st th
attrition an ¥ Elgﬂ%@ggatbagl ag(__jcys Ikgl%dn%nltq{gfsté rhechlbé’s% Lrush streng

shoul d be (very S are use cial reactors of up to 15
meters high. EgeEcfddyont tdvel avercarad yoft téef hedkide i engtkesafidd t he
catal yst particles plays an jnportant part. This is an additional

conpl i cation i FRfed i HYF § HRHREITIBY dd e ittt FRtitRs. A still
further conplicating el&®lod Sd he BUIACIYd NG AI1REESS, O G Al VSt

particles. There is a 15 need for a fast, relatively i nexpensive and
sui t abl 8 manuf edtawlichdoeraociesiss ity vitdorenald eavdigd prrethectreah of cat al yst

particles in large quantities. e exanpl e of such a conmmerci al | vai | abl e
manuf act uri ng ﬁrt%cre’s ERS ad'f‘?F/soe‘S(t qiﬁ?r%rgftf&%‘:.l _yAddbr%)}?e‘?%e exi sts
a need for a cahalydr®nh AN HAOW T GAR) High 2 & BEYIdfe el ement
and optionally %@Fr onoter selected fromthe elernents of Goup IIA Goup

11 B, Goup | VBS&G gUp O¥BmMEGORY VB Wror sGiupipVIiB Iof metee Pertiioghic Tabl e of
the Fi scher - TRERS BTOhas) & deBes S 1 limel! b fritadit S op in
the fixed bed anhd Qwwas pasydie At glispl aH Ngyf Rt gdish, sty engtd.
Further, the stability 'should be very high. 30 I'n the past a trenendous
anmount of - wor k dtadsbidriional complication in designing further improved

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 gquantities. One example of
such a commercially availlable manufacturing process is an
extrusion process.

20 Accordingly, there exists a need for a catalyst or
catalyst precursor comprising a Group VIII element and
cptionally 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



devoted to the devel opment of particles, in particular catalytica]fy agpive
particles, for many different processes. There has al so been a consi derable
ef fort towkf:Neh432006 WO 03/103833 PCTI EP03/ 06114 4 try permpskrssisand the
advant ages and sonetinmes di sadvantages of geffects of shape when deviating
from conventional shapes such as pellets, rods, spheres and cylinders for
use in catalytic as well as non-catalytic 5 duties. Exanples of further

wel | - known sh&ﬁ%%a%?eu?é?ﬁﬁfanﬁl%@%r?%%?QFa%ﬁﬁbapgssgﬂaggggﬁaped particles.
Consi der abl e eifsidvakieygedbesn deroted &0 shepsowsahl edviapohyl ebah' - shaped
particles. Many commercial catalysts 10 are available in TL (Trilobe) or Q
(Quadr ul obe) fepmienThalakerhares aPelraatPoesets, t hedeon§BhLr6RaRNd

cylindrical shape f vj de es_b se_of _their,increased
surface. t o volne T E S R B e ALY PR P Er R R T G Phaer D8 BV ERE S
size, Bhus pravigligsy. a nore 15 active catalyst. A variety of shapes and
designs of catalyst particles for use in the fixed bed operation of the

Fi scher-Tropsch ~ dyTREES Havid1heeer pr opbsEeowTheR3PER- 872281093, di scl oses
that the Cata'é’féveoﬁééfée?d ef)f%'&n&h@-éﬂé ?ggag%?gyéwdefs: hol | ow

cylinders, for ‘exanple c¢ylinders aving a c Oow space which has a
radi us of betoweesti dedalslel €f oot s theve ackers @évobedcydi ther so-shllakeght or
rifled (twisted) trilobes; or one of the other forms disclosed in

US- 4,028, 221. RIVOHPIXTTURRYS 2t elShi 030y beCpreret fedCaEPIYSDs6, 147
di scl 9ges 2 helizald obathe nol viobRh:s e L0aL coparbl ke, haKE nosbb. out || ne

shape of three or four strands helica wound about the axi extrusi on

They serve as alternatives to the conventional
cylindrical shape and often provide advantages because of
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
other forms disclosed in 08-4,028,221. Trilche extrudates

25 are said to be preferred. '

EP-0,218,147 discloses a helical lobed, polylcbal

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



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 hydrottéati gt

operation T | ical shape of the catalyst is said tor ,
pressure 3‘?"8;?9’28%"3@5 fi xed bed reactors thzé)lu_gh which 1 4 W&fgm%

03/ 103833 PCT/EP03/ 06114 5 |liquid and/or gas reactants are passed. In this

way, smaller catalyst particles can be enployed in a~%!ven _reactor design
to neet the presisinid @TEY Pedds AN s FR RIEEEDIIED jthis wescri bed

that ‘the shape gl 1 A4adl ARed ARG SR IS Sd SeddRRUAN, 4 AaLt i oul ar

W th respect to a phenomeno nown as ‘pressure drop.” From xperi ment al
evi dence provi dethdtdompRedrg tthatmeeas ety es Quadrdtabese i fetedess from
pressure drop than the claosely related symetrical quadrul obes. The 10

asymet rical |y shapéd Baritiddled 3ave ideds idrafiibeepin 2 fhioshane iy of

each patr of pr |15 e Separated by éﬁhﬁé}{’ce' ; ip?ah:" ower
t han thg protr 5%%§§'to gﬁ@%ﬂﬁi en?ﬁy theréVﬂ%o y fhéwg otr%ﬁgéﬁég of an
adj acent parti clieeh Idtesedtaughta ipmeERnBR20, 1938wl S hate tsher es tApep Of Fidie
particles prevents them from "packjng" i-n a bed causing the qverall bulk

density of théEatRiRFH Y Ao We WS HHE Hthy' P RARE TS ddidigs in the
art are confl i Gid Atho @t REARSHIRUUORRQY OB £UUINYS bR IdE &XI stence,

20 especially when surface-to-volune ratios are increased by reducing
particle size, thwer ehies sitdddl ycardiaderdld ywredomcalo geahnil diogs .allthey nat i ve

ot event Dsuch - FLROBFEE P8 10 B S 1T Ty et ha t hat

specifically shapedmatedydy R icH @ad gwbtl IS to dHteaIy i s R tdfl es

; 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
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-Trcpsch process.



of fer unexpected and si zeabl e advant ages conpared with conventiﬂq¢& v 2006
"trilobal" catalyst particles, especially when used in mass trans Q éw
diffusion“k;&yﬁ§g3reactions 30 in fixed-bed reactors, for ppgiEpiHes1as
catalysts in the Fisher-Tropsch process, 4 NOV 2006 WD 03/103833

PCT/ EPO3/ 06114 - 6 - SUVMMARY OF THE | NVENTION The present invention
therefore relates to a shaped catalgst or catalyst precursor containing a
catal ytically S VT recursor therefor, the conponent 5

sel ected from el enp 08 GHOuPMbAli 8 therPesiodie1 Tabl 850L Lhg Ehements,
supported on a carrier, which catalyst or catalyst precursor is aﬁ

el ongat ed shapegitalbpst i et eczbaby$si pyecthreer pcobtashong eachteiyendiadg yf rom
and attached to a central posjtion, wherein the central éggposition i S

ali gned al ong 1RE YONTITRRITAF @%iS BFSEHRESOpaFRFERECTY nENEr 68BPEBERtON of
the pasticle ogcupytdd fhen SPareneacomassed byTiherouher pedgsaief six
circles around a central circle, each of the six circles touching two

nei ghbouri ng cTaklesohhthstElémertal tevppeihgdcPnciesatbiare whatlHi stant to
the central circl ang may bg g%%ached to the centr?I ciﬁcle nings t he
space occupi edBYAIHRS ThredtF ohal P hgCott 2 ¢ raP eS8 3R HREI GAPRGSt he si x
interstitial rgghenste REMEED AFSOR £ ENOu d Hin & NVERH | 60 Rdkhgl § rknown
that the type of reactions which require solid catalyst particles are often
limted by theardtatichef ffesy oreirahereehet ant swhareipheheacanysel
particl.e or . rate_of, di Si f e i o] S_ou f the
cat al ggt part ib%?gélhgﬁé{?slsl sglels %%:C?Ja%lféh?rtu]légf%C?Xﬁ%ﬁ?gngg %ﬂggéeggr%ggti ons.
Accordingly, osdedsSle patid cdesssvhsedt ioh spf ayh@ paghisuef acenboingl uhe

rati o are advant ageous. , )
space encompassed by the ocuter edges of six circles

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

15 are eguidistant te 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 1is especially true for ligquid

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 Cgy+ selectivity and a



It has been found that the catalyst particles according to the present
invention have a |l arger surface- to-volume ratio than correspondildgi0y 200

conventionﬁb(gﬁoiﬁgiIobal" particles of simlar size and sydrosne114
substantiall'y less frompressure drop than -such corresponding conventional

"trilobal" particles, due to higher voidage. In addition, a good C5+
selectivity and a 14 Nov. 2095 WO Q3/ 103833 PCTQﬁgPS/Q%%ﬂ4 7 good stability
is obtained. AP i 1 0viaht ined. i} 3958 SRRt i3A 18 FaHE 11 ear

(unbranched) praguctihd SeldBased. t FUNtiflar t hPalddid s grsasufdigiently
strong and can easily be nade by "extrusion. 5 The shaped catal yst particles
can be forned cgfncmpaseshi tRabitdiemt erlicalpartond ldasl dre i sukthpaldre bf derong

processed in such,a way that their intended shape is obtained. Methods of
preparing such ¥ (S8 ide P iei ry, e@&trﬂfd“i% or otherw se forcing a

granul ag or 10 powdefeedzded] Y&t Oy GARIMSIc I L RHS He MBI BFdRlof My
various shapes under certain conditions, which will ensure that the
particle retai it endtamig s mpeidasbtit duf ierpaeetdbrbeinawel | as

during regeneration, The catalysts of the present invention, especially 15
for use in the TFiScHar- rlonpssc %praoc‘"ga S t@oarrtgrtﬁjseeflt alaniehneéeaga haaipy‘{)ijcsal ly

active conponerdht et alMdttaaSoupdddrimf dudeh Revdmsl cinkahld: of the
El enents. Particular catalytically active netals_inc|lude ruthenium iron,
cobalt and ni ckIeSHigI%e PEfRIhEY orhner Cotthi HaT o @ 20ra8fiap OF nore

commonglts e IR AL el A Doty R eA S LS
substanti al | y urdrianchethgrraffnder e dtesiin surtdibd oncatvel st wciamposi ti on
for this purpose includes a cobalt | _ .
[ ensure that the particle retains the resulting shape,
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 guantities 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 698352 and
WO 99/34S17. Preferred hydrocarbonaceous'feeds for the
preparation of synthesis gas are natural gas or |

assoclated gas. As these feedstocks usually result in

30 synthesis gas having Hp/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.



25 containing Fischer-Tropsch catal yst. Such catal ysts are described in the
literature, see e.g. AU 698392 and WD 99/34917. Preferred hydrocaqg%gggﬁ@us
feeds for the preparation of synthesis gas are natural gas or assocCi d
gas. As tWOd3MeBdst ocks usually result in 30 synthesis gasP@EERBYOHE/ CO
ratio's of close to 2, cobalt 1is a very godd-Fi scher-Tropsch catal yst as
the user ratio for this type of catalysts is also about 2. 14 NOV 1006 WO

03/ 103833 PCT/ EPO30f1 14 G yhiwec LAt al ydd GAd i@l | ve pBLAL 451 Prefgrably
sup- ported on a porous carrier. ThHe porous carrier may be selected from

any of the suitrafited affr ctRIseRtE roddtesTherpaidis atasr ber coapi pat i ons

t hereof known in.the art. 5 Particular exanpl of preferred porous carriers
include sili c_f,ElaﬁC&rﬁ_%af,rqr? t4Hh a?yzﬁﬂ‘fecoﬁlar?a}_%e‘g?i]é‘,apﬁ%iﬁ?léy a‘ﬂ%‘aﬁi ‘)’(’f‘ﬁa‘ég
thereof, especic Ia1Siddtes & Wbnsi mdi drid ah@recespesial 1y thd2arfhe
amount of catalytically active netal on the 10 carrier for optinmm

per f or ndnce i s Hordfianadiy q¥pmmees rehgar ofe Trein Borou 3002 pbie perinobugbw of |
carrier materi_al,,. r ef erahly, from 10. 0. pb especi al | from20 to
60 pbw. If desi ?Lel&,crralt)’hgalgg laq&{/sgfr%aay’{la 'soZchE)C(r)roprégllas'e cv()\éﬁ%l%’r q_%f#rb%/ea?r%t als or
met al oxi des amiptAIA¥=Lrthe b f,akd ShdwtaAlly axi ec®) oaDird 5a n@yd bei sghest ed
fromGoups II1A [1IB, VB VB, VIBor Goup VIIB of the Periodic Table of
the Elenents, e®PeHe& ldet iTiGes and | anthanides. In particular, oxides of

TRgnes] UM cal 1 Uy ot LoD, 20 Barlum, Seandlame Mt Lanthanun
and mapganese a.§ MY R (R S YN R Shandarid oot &Fd Yol ¢f £ riggl et al
oxi de pronoters for the
range of from 3 to 300 pbw per 100 pbw of carrier
material, more preferably from 10 to 80 pbw, especially
from 20 to 60 pbw.
If desired, the catalyst may also comprise one or
15 more metals or metal oxides as promoters. Suitable metal
oxide promoters may be selected from Groups I1IA, 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,



catal yst used to prepare heavy paraffins are nmanganese, 25 vanadi um and
zirconiumoxide. Suitable netal pronoters may be sel ected fronld#OMb%mmilB
or VIII 0RN6@91&$&§0diC Tabl e of the El enments. Rheni um sipkyaipodod 143 oup
VIIl noble nmetals are particularly suitable,-wth platinumand palladium
bei ng especially preferred. The amobunt of 30 pronoter present in the
catalyst is suitably in the range of framO. t 00. pbw, preferably 0.1
to 40, nore p_rm @fngraéb 593 1 rt% S l"2(‘)’(‘;1"[5bv5,lrpceorn 190 agbwp%a%clar}% er’ - %a%sjt
preferred promaferis aba lselyeaie¢fodibe dradi Whaikd N4 2036 A4 03/ 103833
PCT/ EPO3/ 06114 - 9 manganese, rhenium_ zirconium and platinumin view of

their ability to pAbgucetEdnGiardity mofarar Matel A ddis BRIy, dct i ve
t al dth v el : j i
neial an e ?r%g%gﬁ{,t gLaIyeb%; g&%&fﬁmﬂ@c}’ {GRPes! £ 8¢ 0N I8 L2 rﬂryg/rﬁ(nr?’eadi g

material by an ment, such as inpregnation, mXi

and m xbng/ ext rausita.] eAftirera tatepasi tdwrh ofs tivemegrad t iaord, midirapcogad aie,
the pronoter on the carrier material, fhe oaded carrier is typical

subj ected to cA"G AELIRET/ St U SHFec P idrek IERSDIG IRR icbﬁ thedt 31§44 o

renove crystal ;%0 3 or it? JEGHP IH A GANI ¢ GHPAUNAS; ANGyd Qe CONVET{he

i norgani c conmpounds "'to'their respective oxides. After calcination, the
resul ti.ng cat allystdemhyae izat iisattge inal lgomtegtdated Heo catlad yrstt vdrt h The

200 1o 15 350 GG er D dte CEUS T TR TR ofF dr° eI TR
cat al yshs conprj=seKneadiRomddd®brgdhld QuRehh EXtdSi1QN, convert
drying/cal cination and activation. The suitable material for the shaped
catal yst part iiglcegaghculapripeyndsc g ddd i JiRIPSL Wl thbtdgheiAft o
ntended shape 1.9 QA0S (e XA €. 0fc A AAREHR DI d ey
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 is an extrusion process, wherein a shapeable
dough, preferably éomprising cone 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.



dough, preferably conprising one or nore sources for one or norey R{JV bine
catalytically active elenents, and optionally one or nore sources for one
or nore of the 25 pronoters and the finely divided refractory oxide or
refract or WO ecursor is nulled together with a sui ta‘f#ﬂEg‘B’l'O\%]ﬁt. The
nul led nmixture is then extruded through-arlrifice in a die-plate. The
resulting extrudates are dried. If necessary, (additional) 30 catalytic

el enent sources andilosy gwloriterSonaynderuspph i 2d tihe hhetexérudat Bs byy

i npregnation. O her éaroc_esses which may be used are gal | eti zi ng and

pressure moul di%fg. " £ NOPRDE U B3F 105839 PET/ EPD37DB118*a181ePhetsol vent
For i ncl usi on 9, 1,16 XA &8y DecBe Rrdhe suisable selhugnis known in

the art. Exanples sui tabl e solvents, i nclude water; al cohol s, “such as

met hanol , et hamdtlerd Jpr opErmoigl ketdnesopasuch; aketert opnesubhakdehydésnesuch
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use of specifiGdigniales enablescdhfeh Cimiiea peéréheelinsgndedtshape of
the catalyst particles. Die 10 plates are well known in the art and can be

made from netatator poiynernaeterial comspest bbh ywath eetbphastic material .
Preferred catal yst partijcles.accordin ot resent, . invention_have a
cross-section in\M#ﬁﬁyﬁﬁﬁaqu%ﬁ?ﬁki%ﬁ%éﬁ?ﬁéﬁ%é%%i?%T%%effgﬁﬁiﬁarﬂa¥%°8f t he
outer circles) ohat dirtfBH&$ dHhddeos ange betaeest OpdAr abled. 3ptkres the
di aneter of the central circle, preferably between 0.87 and 1.15 tines the

di amet &P of theledms arcivelle kivie b ciles radt cairdl 93 parteéeesradceor di ng
to the 20 presgnt,  MYed QY Gudd058: NAVA LG & £1 9552 SBRLERp  Dstic
material. ,
Preferred catalyst particles according to the present
iﬁvention have a c¢ross-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
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



which the three alternating circles have the same dianeter as thememglvam%
circle. Suitably the distance between the three alternating circles and the
central  ciifdsfioss;t he same. This distance is preferably | tPaReda hal f
the diameter of the central circle, nore _prgferably less than a quarter of
the dianmeter of the central «circle, with nost preference given to particles
having a cross-section in which the three alternating%circles are attached

to the central I Pr it HISA the thF ceeBbr 4t t et Fat BngPEsferakivo not

overlap with the.centyal 2€i nidS JFe£858,0f BOYs oveshapy  the overlap of
each alternating circle and the central citcle will be less 14 Nov 2906 WO

03/ 103833 PCT/ EPO3/6 Bliggure I arc39%pfsedicl eneh ofew hef celme radstircl e,

f bl I t 29 : f bly. | t | % 1In. Fi 1
Cr 055~ Sect | onalP VTSt B (R =S (61 B 636 piaf 11167 o8 BEROHOF =t oD il

inventign has hegi cedephd ethr fifte: saif faee @fow-esééeﬁénéf%mgél shape
(indicated by the solid line) can be described as defined in the main

claim It will bediesred famthe ss& glireing deprethagde her thedsasede f bnedf

the preferred particles), that. in the ¢ ept of six circles of equal size
aligned 10 ar oulnrtgj tahecgnn%%nalcmga}lrr%'l eftofw%ﬁgc%%n%fes?‘%eg%%%ht%h? eglglé fcle

borders its two(dwighbioly tHd dessanskdheocedt rabe Siécéervlipstt sabésnction
of three alternating outer «circles éindicated by the dotted ineL.provides
the remaini ng Etdssinddid GiPnIRRY tofups ¥* ofd ToLRS P F cP @2 t hkza 52 kruReal

g: ;Cgféggdff}?ﬁeﬁ‘ﬁ% remal i ?éitxeélfkfat&ﬂgu‘i’é‘tfém ciygles) fogether with the

y the 1nclusions of the central circle and srx tines two
adj acent outer circleborihase reasvarceigiesiedinchss dnatenstcénatal
areas". The three remaining alternating i -

{ 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
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



20 outer circles are equidistant to the central circle. The ter M4 NOV 7006
"equidistant"” as used herein refers to the circunstance that the distance

bet ween t RgoGenbssgs of the central circle to the centre of mAagrmbiokfig 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" nay conprise

devi ati ons up (FFRRFCHHRE HESThEEP A Sn PP 13a6E %brelref erabl y

up to 5% In the MOt Y efteld etbst3hRMOdi sl a tHheF Bed Si M0 deYE@44HL08. The
circunference 0f the preferred shaped particles according to the present

invention is swuih Hdte iptredees notverdritein shatgf brrdhex s, thehithtganeal so be
expressed as the derivative of the .l 4 NDV 2006 W 03/103833 PCT/EP03/ 06114
- 12 cross-se&%ta“rf%i%_ ?ﬁ&m%ﬂ}odﬁner@aaﬁ a%‘i%?esoft‘f%e?r%mmrég??ﬁe
nost prgferredPartiLlRs 1 ACa dace t addhd hei d¥ agent t HYEM & Ofel S
defined as the distance between the tangent |ine that touches two

protrusi ons andigrgl [Hned perigd elIt 0 3 hindicairhtas ihaehain t Duahes ihe
third protrusian, Lt is indicat as,d nomin Figure 1.._ lnh the case that
the three al ter%rrl}attlhr?g C(:‘3’|srec:1 s‘ﬁhg\s}’ee gc ereeora]tt\/\%rr{aal‘qﬂ‘lfneq e(flltr%? fre %‘f%,oﬁenom IS

the sum of thedhnree JiETHieet dianmitens divitad by thy etum 10f Tihiee thege
protrusions and the central position together formthe cross-section of the
catal yst or cHEASPHED S TR ¥RAh arkh e each protrusion is formed

T
oY ore Bt e (e Akl (B0 P MDD cont vl
di vi ded betweenddiherefloral giesidicys-auttien protrhesicnt dyyst |dne
perpendicular 10 LS st Brerter. Mhd Moo Pa s "% Wad 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



the central circle and the centre part of the alternating circle, The
perpendi cular line (dotted line) crosses the 20 connecting |line k%H@V&mﬁine)
at a poi nky@yafkix i n the mddle between the two centre ppofiepoddess figure
2). It will be clear that mnor deviationsfromthe shape as defined are
considered to be within the scope of the present invention. In the case
where the catalyst al . precursor _of present Lpvention is
prepared by a%ggi?g%%%%ng%%o%%géfgdigfblgfggegégfﬁsgﬁ%ﬁfP F§’kﬁ8ﬁﬁ to
those skilled ppetdeally tOtHBAUPACHAre dbr-phahesespa¥tngoonBeOk dgane holes
in the shape of the particles according to the present invention and which
tol erances 30 Ea@Ppedexpetiredi npkRAgt PERSARENLIPFBALEPAg such die- pl ates.
In this respect ity b ress e.| iately after
ext rusi on nmay resu%%§?ﬁ éﬁ%‘%?%%??%ﬁéggs?h@fegggﬂéégtﬁaﬁLQEQFF§ the mnor 1
4 NOV 2006 WO 08t 403883cPCTA ERPDRs 060 tdcursdB8 pdevialesnsfatkewi thin 100,

preferably wwthin 50, nore prefe ly withip 2% 0of d nomwth respect to
the ideal shab%v%%Fﬂ%?in%%tVﬁe?higgrgggnigb%v8ﬁ2FBﬁ.nﬁ@?@F SQtypica
process of preparailpgs rw&ceél}ge&@émlprhsaéagyﬁémgﬁsﬁua:%%ee@&t'C'es of

the invention, between 10% and 0% of the nunber of particles produced
preferably haveithnanigaiadianettrlesshthadebbabfohhef sheaps thanefd¥metl t he

shape as defined _in the present ipvention. Preferably,.at |e 50% of the
10 catal yst pai?i%?%spﬁﬁﬁ n% Hhohth foﬂiagﬁ?g?ra%fﬁ'aaﬁe%?aF oﬁagfogeg ® han
5% of jtthe shapeags) ¢efipedripithenhapeesenbniAYentiioNettt LBtROgSIble to

produce catal yst particles according to the present invention, which also

contain 15 ondevrahbee Hblbesal bhgnthe PEnghh ohapheapadefined. iRothe

present invention.

f
[

It is possible to produce catalyst particles

according to the present invention, which also contain

15 cne 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 1is well
above 50% (voidage being defined as the volume fraction

of the open space present in a bed of particles outside



instance, the particles can contain one or nore holes in the are€ fBrned by
the central cylinder (the central <circle in the cross-section gi &MY 006
Figure 1) _and/or one or nore holes in one or nore of the %I&@%ngéin

cyli nder s VO3 al ternating circles in the cross-sectiontGrvgn ¥ Fi gure
1). The presence of one or a nunber of Hol¥s ~causes an increase of the
surface to volune ratio which in principle allows exposure of nore

catal ytic siteshangartinlasypeasentpptieeexphsurelumei pEomrhrg polrarsges whi ch
may 25 work advantageously froma catal ytic, point of view Since it becones
i ncreasi ngly dFP?%@%IYh?og%¥BHE%%5hBFFoaPtpéBFﬂéﬂég a8 the vodidrgetecomes

smal ler it s phefgsrede1Lo YseaPorOHfePaEELCLAS M EROWG Bolses syhen smal ler

sizes are desire r certaln purposes. 3 as been found that the
voi dage of thehea¢dhgSterpaadi gl esidagerdingypackhéypbésemhiichvernti on is

wel | bove 50% (vpi dage, bei ng defjnped a e volunme fractiQn, .of e open
space g}egent Fﬂgét%%ggﬁ}f ;?8?3?etgagtg?déﬁf §Oﬁ%ﬁrﬁﬁége y rgdp h33 P
PCT/EPO3/06114p$ﬂti&D@,p@ﬁéi@bﬁéa@ée§§nﬁhihheambhﬂté@|@6$3%Ett6%egoﬁg%.

inside the particles are not included in the voidage). e particles used
in the experi nBh¢ voi¢egelegbrabeed héreihalver hadtacyeisdageostimgpiteal |y

58% which is 5 _substantjally.above that of the_c arative "tril.obal™
carticl o the VoF QaGEont N 1R SHoERPDY PotiBer 3Teehashle ThieuBRaksy of a
bed of catal yspeprédhCb@SaReCPOEi NBote® plbeeta¥EPt belwksnsuist ahky eaet.ween 45

and 80% preferabl between 50 and 70% nore preferably between 55 and 65%
10 Thé%kat al yst paFi¢ ctababyrtordengl¢bet hecpprdens tPnteAt PEASEAR be

deseriped 25 noKIDR: foheh g URLFLLcRThLonbULR 8 Bbol RSt sher e,
bet ween 1 ratio (L/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 iﬁ the range between 1.5 and

- 20, more preferably in the range between 2 and 10. For
example, the particles used in the experiment to be
described hereinafter had a L/D of about 2.5.

The length of the particles in accordance with the
20 present invention is suitably in the range between 1 and
25 mm, preferably in the range between 2 and 20 mm,
depending on the type of application envisaged.
The 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
B85 wt% Cg+ hydrocarbons are formed. In a typical

conversion process using a catalyst according to the



and 25. Preferably, the particles according to the 15 present inyention have
a L/'Din the range between 1.5 and 20, nore preferably in the ra d@VH@mMeen
2 and 1, OW@-6¥1038anpl e, the particles used in the experi nBGT/EPG3/(sa14

descri bed hereinafter had a L/D of about- 2L%.- The length of the particles in
accordance with the 20 present invention is suitably in the range between 1

and 25 mm prgtesably;hPehPeohanggebshnagR 2rapdodQcRE cofpReRILBI QR the
type of application envisaged. The catal yti c cohversion process y be

performed under moneehtrbhalysyubhestytedndiarbonsaknoen (hanthéoarth. 25
Typically, the_catalytic convgrsion y_be .effected a t gature in
the range of fF%ﬁ?i%%dtgo336 CPI%?EPEEng§OFP8%F§86SFBEzgﬁaE?nggﬁi &F5t ot al
pressures forcéhgagabiatyt hCcERMNLESHLANPPHOESESSWALRE kAmiharr 2Bge+t9bn from1l
to 200 bar absolute, nore preferably from10 to 30 70 bar absolute. In the

cat al ytS ¢ conveeBfohipracesBerespeecparvenptappralt haplobam oaoR1ge®, igreferably

nore than 85 %, C5 ocar bons. are med. _| typical __caonversion
process using gg%%ta §£¥gg%%%r%?n€h?oc?%gi¥sg RE@ 3886g09K96§f383833

PCT/ EP03/ 06114condbt iphesenhei Menht oo hbavamisnt (oh Py OflHOt BeCaA@Pkiosi Ng
one or nore tertiary substituted carbon atons (hencePorth referred to as
"branched" proflicts}, i scmttirastuR0fo| @8swtipnpadedotnret AmesneeeLsi ap process

with simlar reaciiog 5 conditions, where a ionventhonal,trilo al catal yst
g°on i

is used. Depehdi "the £EEaFH2bIdnd FRABACHNGBFSEEAT LBnlFEFong, 1oHe
amount; oof heaVH%p@@ ££204) 1 8By sHE WPsHO-1891 W ¥4 ySopet LUBS WBWEP) 79 Wt % and

soneti nes even till"85 w% Preferably a cobalt catalyst is used, a |ow

10 H2/ CO rati o1bs tishbetocpesi akl¥ysdd7(190-28en°tovery apgdia ahOWeoke
tenperature is used (190-230 C). To avoid any coke
formation, it is preferred to use an H3/CO ratio 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 cafbon atoms, is at least 01925, preferably at leasf
0.935, more preferably at least 0.845, 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 veidage than beds containing the
corresponding conventicnal trilobes when packed using the
well known “sock loading” technique. The voidage obtained
when using the conventicnal 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



formation, it is preferred to use an H2/CO ratio of at |east 0.$4ka 0%
especially preferred to carry out the Fischer-Tropsch reaction under such

condi ti onsyblgateskye 15 SF-al pha val ue, for the obtained pradugptmsbosMiyng at
| east 20 carbon atoms, is at |east 0.925, 1preferably at least 0.935, nore

preferably at |east 0.945, even nore preferably at |east 0.955. Preferably

t he Fi scher-Tropsch__hydrocarbons .stream conprises at | east_ 35 wt % C30+, 20
preferably 40 {EOP ﬁgpélﬁFgﬁ8P§bl§°§Olﬁﬁﬁﬁn?ﬁé %ﬂﬁiﬁQhﬁQﬂEﬁﬁPiﬁQmess may

be a slurry FTspheeesss ggpeeksally an ebul ated bed process or a fixed bed
FT process, especially a multitubular fixed bed process. It has been found
that the beds cont @hei agtasypar pReteslascaedicagbey thegrdinvearmn anldmavee - in a
random packing - _a juch, highe oi dage _t han ,beds ,cont.ai ni t he

corr espondi ng SGAVER FonAF PP oBeE S ihER JFacked ud iy THE TRl 1KMo Lock
| oadi ngy' technpgueicike %ei dage fbtalinederehen tsidiy dith GIBENHH [0k
trilobal shape amounts up to 30 about 45% whereas use of the particles
according to tRertpedgesenpaieaniothpesdpees rasisingaga ot et antistg 559%m

whi ch nmakes su p i tract.i for. | pressuyre 2096 VO
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Fi scher - Tropscheisygnthéghedpateagsa Ibeagdatnaliyetl paritd,cltes: deacridiesd herein
can also be forned as helical |obed particles. The termhelical |obed 5
particles as uB8YiR8r & RTPEFEFECESCRN CELHRYANED L1 fdd PN aifsH i3 ng

three ot rust os. ael-exteRdl BY CaaM:(309 3t Lacher Lo ey Al Rosd [ on,

the central position al rgne ong a longitudin axis, the particle
havi ng a crosseseat bdnthecspyi ngrthe sspaceceingnags e ighirtigy out er edges
of six CirCIescﬁggggg %hgﬁg%rghrggrgh%érnating circles 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 lcbed particles, resulting in a
greater reduction in preésure drop across fhe catalyst
bed than expected from the prior art. Alternatively, for
a given design of fixed bed with a predetermined pressure
25 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 reguirements.
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



each of the six circles bordering two neighbouring circles whilst three
alternating circles are equidistant to the central circle and rmayyN{¥e006
attached twoldigosentral circle, mnus the space occupi ed citiwsbbnee
remai ning 15 outer circles and including_the six interstitial regions,
whi ch protrusions extend along and are helically wound about the

| ongi t udi nal aX|s of th article. in i cal Iob d par icles, a
|l arger di anet érf HART AT qppoeﬁtf’%tﬁ'ﬁ%‘s‘? ’a W%Tqreamt)a F b T %kleﬂn 165%%9
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particles, resulting in a greater reduction in pressure drop across the
catal yst bed t&nnrk@qgﬂﬂX§mﬁhQﬁﬁ the prlor art. Alternatively, for a given
design of fixed enpl oyi ng the
helical |obed pakt} - ' bstantially

hi gher 5se|ect@@ﬂgaégggb@xﬁ@mﬁg@xbéhan mnth the approprlate strai ght

| obed particles necessSary to neet the pressure drop requirenents. 30 The

invention will nowTHQLQQQRﬁh@ﬁﬁﬂjqaﬁ%ﬁ%%ﬁ;Rﬁrﬁﬂﬁieﬁ(ﬂ@ﬁﬁmﬁﬁﬁﬁﬁﬁﬁ¢laﬁt|ng

exanpl es. Experd r|e Fi Tropsch
process using ctlacf a ys %%I e %a e pu%g% éié A&I\?%B\P f%é) %3/ 103833
PCTJEP03/ 06114 comrﬂe?rcia’lllyOtheraSﬂ‘!L&ilﬂCb ext trardod gso DONPEP2S | ve. enegpb €l ) and

using catalyst particles having a shape as defined in claim1 (morklng
exanpl es). Exarfft & ICWé-‘rle?tJildh ad’faltlrattl’]tﬁ)ec%f%ﬂeﬁd R‘%I‘E%@]S/st1053 p%.l‘tl cles

Conparative) Tri ape st particles were re ared as | ows. A
gn x'[rﬁr égwas )pr "‘ﬂ'{ i rﬁrﬁg 31433 d"ap%%"?me'l?rb‘? AR 13D }én‘??‘ii%ﬁin °howder

(P25 ex. Dequsﬁﬁgnunutes. The mixture was shaped using a Bonnot

extruder. The resulting extrudates were dried and
calcined. The resulting extrudates contained 20 wt% Co
and 1 wt$ Mn. The resulting catalyst particles had a

15 trilobal shape having a nominal diameter of 1.7 mm
fCatalyst 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{CH); powder, 10.3 g

Mn (Ac)5.4H»0 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 ITI

Catalysts B and B were tested in a process for the

preparation cof hydrocarbons. Micro-flow reactors



66 g commercially available Co(OH)2 powder, 10.3 g 10 Mi(Ac)2.4H20 and 38 g

wat er .
a Bonnot

The m xture was kneaded f or
extruder.

resul ti ng EROViH& s contained 20 W% Co and 1 wt % M. The 'E&
catal yst particles had a 15 tril obal shép%shéving a nom nal dianmeter of 1.7

mm (Catal yst A).
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The catal ysts were reduced

Following reduction the pressure was increased to

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

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

between 2 and 4 hydrocarbons were determined for each

experiment after 50 hours of operation. The results are

set out in Table I.

Table I

Relative Cg+ Relative COj
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

relative to the resulits obtained from the use of



During reduction the relative anount of hydrogen in the mxture was
gradually increased from0%to 100% The water concentration in ﬁbggpymﬁgas
was kept wedomnose333000 ppnv. Fol |l owi ng reduction the presseCE/BROB0dIDCT €ased
to 32 bara (STY 140) or 57 bara (STY 180).1dhe reaction was carried out
with a mxture of hydrogen and carbon nonoxide. The space tinme yield (STY),
expressed as 1 s,hydr gca N~pr.o Ao tr I ar.ticles

(i ncl udi ng theéeg%ggggeﬁﬁeghgfhéggaggfcggg%cgg&lhgup% %%gglégi geﬁghtivity,
expressed as arwekghtopgecephage of the total hydrocarbon product, and the
ratio of unsaturated product versus saturated product for products having
20 between 2 and 4Fhgdr bbar beasltner étdésechienedthet eathlyexpérigiwets after
50 hours of opeé%tion. The results, are se&gout in.Table |I. Table | Relative

C5+ Rel ative OBSTLREI BEFTETBFYCElBED) GREGIYSI Bylidd FRSPOFH(HP Eatal yst B

140 102.0 64.0 04.0 55. In.Table |, the results regarding C5+

sel ectivity regﬁ#??ﬁév%an?PhghﬁsglgFgggtgFﬁgfcﬁ §F8C8§5reg§§d 25 relative
to the resul t spebtarnedckr e theallgetob 1s4bNOYe20@een\WOhO3Gh03833

PCT/ EPO3/ 06114 - 19 catalyst A i.e. the C5+ selectivity og catalyst Ais

taken to be 10890URtoRft RETiESUMRECKEalsPEre P HIRNGt FEACAPY S SBSHRVES T
better perfor e t al AWt t xto + Lectivity in the
Fischer-Tropsgﬁggrgégggyg$h§ ¥§§Pf§§%a§8§§§9§§aﬁa|€§? égizﬁgeﬁég%egVen
t hough t he 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
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

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

Cs+ selectivity, expressed as a weight percentage of the

total hydrocarbon product, and the ratio of unsaturated
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tenperature is expressed as the wei ghteshlavermge bed tenperature (WABT) in
C. The space tine yield (STY) expressed as 30 grames hydrocarbon product
per litre catal yst particles (incl @ palysie Qoﬂ:ﬁ:fﬁébleﬁtfv@ééh ﬁ:ﬁél%)]a)f?tti CH: e%)
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Relative Cg+ sel,

$w/Cl+ 103 103 104 103 104 103

Relative C11-C14

olefinicity, %w 184 238 i83 320 184 315
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15

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

catalyst A in the Fischer-Tropsch process.

The

performance 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

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

expensive catalyst material.



Table Il Catalyst C Catalyst D Catalyst E Inert, %0 50 0 50 O 5p @@I@ﬁive
STY 200 132 200 132 200 132 Relative C5+ sel, ow Cl+ 103 103 104 58 %

103 Relative Cl1-Cl4 olefinicity, %w 184 238 183 320 184 315 5 In Table
11, the results fromthe use of catalysts?& — D or E are expressed rel ative
to the results obtained fromthe use of catalyst AL Fromthe results in
Table Il it is clear that catalysts C, D and E give a better perfornance
than 10 catalyst A in the Fischer-TEohsBhI Mdtess. The performance of
catalysts C, D and E is better even though the anount of active material

per volune reactor is smaller for catalysts C, D and E than for catal yst A
due to the hilgher ShaipdageatBiyst tdre capadivisitc psleape sofr oncatialipgt aC, D and
E particles enaQé s, a bf ter use of the expensive catalyst terial. 1 4
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containing a dabahyit GRlkytactireg SDARGASNLS ArodpPY ELUIFOER hengbaie the
conponent selected from el enents of C?oug VIIl of the Periodic Table of the

El enents, supgGit&dobnthe CaeFFRES, WIHRERTERE Ty it Cagriert afyisth wadednsdr is
an elongated shaped najd ‘i:]x%cx{r%’?ﬁr i3 A9 %&hegga%gt %Hﬁb&&l%aﬁ‘i@l@ﬂe“d' ng

fromand attached to~a central position, ein the central position is
al i gned al ongampelbonyithyeenprotarisdoné ddvl parendirgy frhbe endsgtsebedon of

the particle %ggpxgngrﬁheosg ce, enconpas d b éh ~outer. edges. of
circles ar oungL a“cehtral- & Fc?é, ’eag’ﬁg%‘ tstﬁxg §¥§ ra?] Perq%‘%lqnoﬂlgh?lrfgqnte
nei ghbouri ng clvebeshaMliohgt chdired@ axis of the particle, the cross-section
of the particle occupying the space encompassed by the outer
edges of six circles around a central circle, each of the six
circles touching two neighbouring circles whilst three
alternating 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.
2. Shaped catalyst or catalyst precurscr according to
claim 1, wherein the protrusions are helically wound around the
lengitudinal 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.
4. Shaped catalyst or catalyst precursor according to
any one of claims 1 to 3, wherein the Group VIII element is Fe,
Co or Ni, preferably Co.
5. Shaped catalyst or catalyst precursor according to
any one of claims 1 tc 4, containing an element or
compound selected from Group IIA, IIIB, IVB, VB, VIB, VIIB
or VIII of the Periodic Table of the Elements.
6. Shaped catalyst or catalyst precursor according to
claims 1 to 5, wherein the carrier is a refractory oxide,

preferably silica, alumina or titania, more preferably



alternating circles are equidistant to the central circle and may be
attached to the central circle, mnus the space occupied by the tiy g8 7006
remai ning outer circles and including the six interstitial regions. 2.
Shaped cat al yst or catal yst precursor accerdiing to claiml, wherein the
protrusions are helically wound around the |[|ongitudinal axis of the
particle. 3. Shaped catal yst or catalyst precursor according to claim1 or
2, having a ngminal; dianmeter D in the range between 0.5 and 5 nm
preferably between 0.7 and 3 nm nore preferably between 1 and 2 mm 4.
Shaped cat al yst. or SGrredy statprlestr oor @xcat disig precurapronecofrdéhgits 1 to

3, wherein the la%i%léplw I I6 ehement is _Fe . or .Ni Whgreft%'reggh)é Co. 5. Shaped

to avihg a Crpss—sectiorn in C e
catal yst or cat ySt = preclr sor cord?ng t0 ~any one o ftoa,

cont ai ni ng an wreEniingral oTpaund, saleci ed fHpm @iceddd, ilnl kBe |1 VB, VB,
VIB, VIIB or VIII qof the Periodic Table of the Elenments. 6. Shaped_catal yst
or catal yst pr%ad"tﬁesg?et&@%r%i?ndg ang 1c$)aﬁl|‘f‘§51t1f% Banghel G ih PRe VA Eler is a

refractory oxidgcleprgf&fabbyyshdiwean 8lgmpa or14ididRisachdd@rResf esably 1
4 NOV 2006 - 22 titania. 7. Shaped catalyst or catal yst precursor
according to WlearRBtyak gigclpannegecaserioss skered 13 tRAYHhiTh cehelisir ee

remai ning alt i i s_h ol i a . 0,74 and
1.3 tinmes t he%dﬁ% ?Ln]%tg gf qltl)%v(\i%i ﬁeac%fsrsglsggg%ﬁlsl& Qgiéﬁfetr}%bllagg%%? V\eie\ﬁggﬂbg%7 and
1.15 tines theldieanetieng ofircihe lvemt tak samecldéanpref ersabhy eersiraped cat al yst

or catalyst precyrsor heavi ng.a cross-section [ ich the three remining
) tornat | ng o VAE: A Hr8 s hMAmanBter SetPReS LA FAPSLETY GrBCRPe
preferably a shapedceatiad ¥sireora Cdraby $hg Fi@CUESOfire iat tWBh&d dhenthree
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 catalyst or
catalyst precursor having a length in the range between 1 and 25
mr, 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.
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 certain
conditions, which will ensure that the particle retains the
resulting shape, both during reaction as well as
regeneration, preferably by extrusion.
11. Die-plate designed for use in the preparation of a
shaped catalyst or catalyst precursor according to any 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
claims 1-9.
12. Process for the preparation of hydrocarbons by contacting

a mixture of carbon monoxide and hydrogen with a catalyst as



central circle 8. Shaped catal yst or catal yst precursor according to clains
1to 7, having a L/Dratio (mimm of between 1 and 25, preferably between
2 and 10, preferably a shaped catal yst or catal yst precursor havi nﬁ a
length in the range between 1 and 25 mmp3nore preferably bet weerd £N&hdlBo
mm 9. Shaped Fischer Tropsch catal yst or Fischer Tropsch catalyst
precursor according to any one of clains 1 to 8. 10. Process for the
preparation ofedCatdl Vst Afy GHAlYSte1 AERCU! S ACGaIdgaLos€lal M 1-9, by
pressing, extruding or otherw se forcing a granular or po red catal yst or
catal yst premirisoplatletingl aichivavat ibpusoshapasqutitier cgeaiwsth conditi ons,
which w || ensrljgceu]_;ts%at v}ﬂ% ardtric‘cle§1 ret gi Sd£heenre§rlf|§£r{] shaaose, bot h
during react i'on a8 el 1A ryegeﬁerapl oh, pre rab?y Yy ex usion. 11.

Di e- pl at e designeddatesss e dm thiee ppeppabal bono f fde 1 s hape b@italaidty or

catal yst precursor according to any one of claij 1 to 9 by extrusion,
wherei n the fEHIAE %‘iﬂ?‘b?ﬁkéeeshy G ERESe MeAef PYestnPERECSRaBE of the
cross- secti omHfy the, ooy rhpirdtdcl &8s asdefiishad iR a8A¥n0RRqPEr Cl ai ms
1-9. 12. Process for the preparation of hydrocarbons by contacting a

m xture of cadrWHIPHRTONIT®e and hydrogen with a catalyst as 23 - 1 4 NOV 2006
described in any ang.f e 40 P oddi 22 8lYs! o 8aELENL! y being
activated by contacting the catal yst precursor Wi th ﬁy rogen or a hydrogen
cont ai ni ng gadescrdihedriocessaifrorl2t.he preparati on of fuels and optionally
base oils fromthe hydrocarbons made by the process of «claim12, by

hydr ogenati on, hydroi soneri sation and/or hydrocracking. 14. Fuels and base
oils obtained by a process as described in claim13.





