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WO 2004/ 065002 PCT/ EP2004/ 050034 Zirconi a Extrudates
Field of the Invention The present invention rel ates

woaod4vesqe epar ati on of cal ci ned zirconia extr BABRERS004/050034

and their use as catalysts or catalyst carriers. 5
Background of the Invention Zirconia (or zirconium
dioxide) is a well-known material which is known for
use as a catalyst carrier or catalyst in various
processes. The zirconia can be used in a variety of
formed bodi es or shaped particles including spheres,

10 cylinders, rings,;(hg }Lgvﬁx@é Ln eeslrs) and | ess
symetrical sha S—SUth—as—gfaﬁﬂges. Cylinders can be

prepared havi ng a variety of cross-sectional shapes

suoly a8 thd [1RES¢ioAuadrul obes, stars and circular.
i cles can be prepared by a process

15 off"BaP¥eand éRTeMgOReRelatesatPi Hf PrerrEdrioonpa

povdeled A rdutihesxofudaRbbobds ¢anibendised tH AGRKEVE:

gartlcle enlargenent i ncl udi ng pressure conpacti on,
Yf oFEr G2 T01T8nd  spray met hods. Such met hods are

Bhﬁkgﬁobed ¢f1ﬂae[4yveht16henical Engineers Handbook,

NhCE n o&egggll(Dngl ox1 elt£QQ§ 84% JSSBN% 1
07-0 §£9§ 5a ga E5TEBIM BreEsH e conpac P iR materta
pardt dgl andwn ot abd exsi B c&f@ms;ecamlecrapal yasitad ysknee

%§¥£%d%aBrBéE%§és 'nTﬁg QQ oﬁ?gtééﬁlﬁé used r%ﬁsgréarlety of

conpactlon can be carried out I1nh a varlety of way s
Fortasd PRglextarushered whekec ke s HagaptnanisRheres i s

extidided, 2151541; QUEM AN Xt Radlen egyi pped swma&ﬁcal

suitable die plate to ive a cylindrical -ty
BARITIGFE $5I9°ABREeSi nyYLTREHT FAY PF PrrBseea having a
syfﬁrmiyr b€atrog-aput Bsna9hapesk patichcie)riapbéabl eti ng
é aér roduces par%lches of a very well defined

hape) Ogﬁﬁ SUGAF0BBOT “FeTF EP2004/ 050034 - 2 Once
f or nethapeHezshvapéd particdkescar decpremmyieg Uyi®drocess
of particle enlargement, starting from zirconia powder. A
number of methods can be used to achieve particle
enlargement, including pressure compaction, agglomeration and
spray methods. Such methods are described in Perry’s
Chemical Engineers Handbook, McGraw-Hill International
Editions (1984) ISBN 0 07-049479-7, pages 8-61.

Pressure compaction is particularly suitable in the case
of catalysts since this can result in strong particles.
Pressure compaction can be carried out in a variety of ways
including extrusion (where a shapable mixture is extruded
through an extruder equipped with a suitable die plate to
give a cylindrical-type particle), roll-pressing (resulting
in less symmetrical, granular shaped particles) or tableting

(which produces particles of a very well defined shape).



and then calcined in order to create porosity as well
as to increase particle strength. Both of these

wW@h@nmeioer i stics are especially inportant in tPEI/ERPXE4/050034
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of 5 catalysts. An extrusion process is often
preferred over a tableting process since the
production rate for extrusion is many orders of

magni tude greater than for tableting. |In addition,
tabl eting generally results in |ower pore 10 vol unes
which is often a linitation4d i catalytic

applications. Extrusion is also preferred over rol

pr essi nd’¥Ec 4058 Lx (thasFRAPSSr Baticed egarts cdadgonayidrg ed
nMucBndatiaet 1 padidd Gheosddie tdi st&ddUbbedsithN8s well as

conmbi nation of a conpacting mll_and a granul ating
i FE°1%P?ﬁ$a§erB?¥F §s§tfﬁﬁa§gss $Q£§UP€S%%??%1 gr anul ar

mat ehaadctamiist hehasreaebpoaich1pgr irnwdre agt zen dinst Ehbaitdron
mhiggtgfységten undesirable in the catalyst field
since it  enhances segregation in a packed bed of
cat al ystApgrtireseen rrhgsss ars pftémpmderbebrpvpassi bl e

to exbiddg 20o2tsLaNha: | ike LoLheL: 1Rt eLidl S SUCh AS on

al um na in~ conventional extrusion equipnent to give
r easSnAMLY OTSEFBRf EREPiEIde gFeefek dhenntry drbleuEng.o

[ tSIhiQﬁﬁiﬁﬂ@%ﬂﬂﬁébﬁaﬁihbléédérﬁm@yiEé%uﬁ@gdiﬁ”M$wQ§S§ore
progeﬁtles, iébrgonla IS an interesting carrier

mat SPEAFSS "PAGBUHY F5ePnrefdrattt desFriEbhEico

pr epapei@tzioheoni Bxtexish ol ate alvhi gte feases Wddrcirent
strength.to.be_of industrial _inportance.. Zirconia

ox SO THIS ratalte ' BRYRM AT rp By sRRESe1 L ERETNS 2
t he mprevedtiowg rcpmdiittlensizeThidst oigdrio80 curdi tions of
anbient,; § &MREr kUL & ARd-PRFSURE Zid %OBL»Qnul%?‘c"%IE;SmPﬁ a
stabl e, nonoclinic crystalline structure. Unde .

ext A8 FEsSPULES RICCEES hFYveitst Bhpedapirbar material

typiugabhyngf ot Beosd qoirt9k14%0Get @i KRG 1 &k NEABHA; YO
Zooi&gggqgﬁkgglégigggﬁkggqgiglyst field since it enhances
segregation in a packed bed of catalyst particles.

Thus far 1t has not been possible to extrude
zirconia like other materials such as alumina in
conventional extrusion equipment to give reasonably
strong carriers after calcination. Due to its high
thermal stability and its acid and base properties,
zlrconia is an interesting carrier material. It would
therefore be desirable to prepare a zirconia extrudate
which has sufficient strength to be of industrial
importance.

Zirconia exists in a number of crystalline forms
depending on the prevailing conditions. Thus under
conditions of ambient temperature and pressure zirconia
exists as a stable, monoclinic crystalline structure.

Under extreme pressures or at higher temperatures,

typically of the order of 450°C to 1000°C, zirconia
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- 3 exists as a tetragonal crystalline structure. At
even higher tenperatures,, typically in excess of

di scussion of the properties of zirconia, reference
is made to Kirk 5 O hner "Encycl opedi a of Chem ca
Technol ogy", Second Edition, Volune 22, pages 651 to
655. EP-A-0,510,772 (Shell) discloses a process for
the preparation of a zirconi a-based catal yst
extrudate conprising nullfrg~a mixture of zirconia
and/or a 10 zirconia precursor and a solvent, which
m xCHLBLhES & tebraapsadonpteialbing rdmroturs 6@% gyen

wei QQZheP%m‘ﬁéEg% rrg twdfcéf’['ly Hﬁeexclégs op 1 S(?S%

(BASF) di scl oses a reparing cata
car FPets euissrdting rbasenfomisly Bfr algen@mcldqlnpnssmn

Zi 1 ¢@ntRe e%i@@d)fCQETP&drﬁ%s pEESIRIEal & %d%f t8 Kirk-
Zi rconi ums t with ammnla vvhereln a ZII'COQ{%:E
cppdan

ni t P5tBSHr %Cﬁsbﬂ%ﬁdléhf’ér?fbeé‘%éi uf§BRretesvad
aqummslanmllamsmmt afeditesd decemansi ng pH from 14 to

6 dd ' ' d tabl eti i ed
out S0 Y 2P R e e B PR e AR F At
of pz:epamm:amemfrmda’tresniaﬁaa&eﬁ 63751028 ¢BASKRte

d

's%@?gns;g}dgmgffé Fnlgtm\h& e&egﬁfﬁ%&ﬂlgefnbor 2

zi rconf um monocl i nic
and Z\mpelhlma@e&urmlg@ngluﬁf%Fclefeateaﬂh% fn’hfettefqahes n®

exangh egs %&&%n@f of NG oRY Q@a&ﬁtes'o@nb@fweléhwﬁ Caryf extruding
extrudat es. has now surprisingly beén found that

si grie; ’E‘}hi‘f%urei ‘nprovenent in the extrudate strength is

obser vedepfpi0h@16784LOBRBFUSEE ch Osd %pﬂléeh&h%f
extrudat e, consi sts 30 essent| al I% of. mpnocl i

zi r EGAPEELD F60AY Ves G52 “PETIES2 %‘h‘?ﬁ%&ﬁ%fssen}lally of

monoclinic zirconia. The method comprises precipitation
of a zirconium salt with ammonia, wherein a zirconyl
nitrate or zirconyl chloride solution is added to an
aqueous ammonia solution at a decreasing pH from 14 to 6
and drying, calcination and tableting are carried out.
There are no examples given of the preparation of
zirconia extrudates.

US-A-6,034,029 (BASF) discloses a process for the
preparation of a zirconium dioxide powder which is
largely monoclinic and which has a large surface area.
There are no examples given of the preparation of
zirconia extrudates.

It has now surprisingly been found that significant
improvement in the extrudate strength is observed if the
zirconia used to prepare the extrudate consists

essentially of monoclinic zirconia.
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Sunmary of the Invention According to one aspect of
the present invention there is provided a process for

the steps of: a. preparing a shapabl e dough which
conprises 5 m xing and kneading a particulate zirconia
wWth a solvent to obtain a m xture having a total
solids content of from50%to 85% by wei ght, b.

extrudi ng the shapabl e dough to forma zirconia
extrudate, and 10 c. drying ‘and cal cining the zirconia
extrudate; characterized in that the particulate

Zi rﬁﬁmmaarymfnthapmveﬁﬁl%re t han 15% by wei ght of

zi rconi aAdMBr@lEnb StPther asgdtan o FoNRE B EnZ 1 iHGRAL Bon
According to the present invention there is also 15

pr ovPaEs P @5%?% %z PFEOtHita ftex t RRPEEAn Bregaredned
accendesfia te@tthday eonpsiddegcthdeasdtdperein. The

cal cined_zirconia extru ate g ﬁ{gar ed_accor di ng to
the process &f “PHe"\5r 8s@ ‘?p%r]r ePtiBh YRaGR comprises

si gni fi cant | yikimpy mn@dknea;&hxgshrmgﬁlaummazneﬁom& hvi2B
zirconi a ext ruggiyé}thﬁ gomﬁq] |ﬁg‘lrflaéﬁeazicggaopi a
whi ch conprises nore t & of ' Z1 T conl a chrs

ot her than Pohdes |<mn@ezt rQ:forflram $Ur texdhply, weilgkioni a
whi ch ISb a %&%E&ﬁfhgokhéeéﬂéﬂ¥8@é|d&H&E RG] %lglrconla
zi rconi a whi ch onpri ses nore than 15% by wei ght of

zi rconi a whi @I’Ftif‘édai'? 't 8fftagonal zirconia or zirconia

whi ch cossi stasysad edna @Elcirﬁtnﬁgaﬁﬁ?@aﬂlrl:bﬁﬁ@né}&rudateV
t he n\(en ion A key, feature of

Detail ed Descriptio
Dhe BPEEBre SAr0ott LB She Ram oL Fala o A retig EonprEsdy
zi r cenmare ortpni $8% Mo webglket tdfanit&sniby wikcights oBBeof
Zi rct%a ch‘:ﬂnﬁ Qgg%gughan nonoclinic zirconia.

t'he particul ate zirconia herein does not contain
subst antAad;oreﬂmgnt@ féfe preeont anvkiiclen shethars ehan

provided a calcined zirconia extrudate prepared according

to the process described herein.

The calcined zirconia extrudates prepared according
to the process of the present invention have
significantly improved crush strength compared with
zirconia extrudates prepared from particulate zirconia
which comprises more than 15% of zirconia which is other
than monoclinic zirconia, for example, zirconia which is
a mixture of tetragonal and monoclinic zirconia which
comprises more than 15% by weight of zirconia which is
tetragonal zirconia or zirconia which consists solely of
tetragonal zirconia.

Detailed Description of the Invention

A key feature of the present invention is that the
particulate zirconia comprises no more than 15% by weight
of zirconia which is other than monoclinic zirconia.
Hence the particulate zirconia herein does not contain

substantial amounts of zirconia which is other than

zirconi a extrudat e conpPCEEPZP04/050034
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zirconia, such as cubic or tetragonal zirconia.
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no nore than about 10% by wei ght, preferably no nore
t han about 5% by wei ght, of zirconia which is not 5
monoclinic. X-ray diffraction can be used as a net hod
for determning the relative amounts of tetragonal,
nonoclinic and cubic zirconia in a zirconia sanple, as
described in R Jenkins and °R°L. Snyder, |ntroduction
to 10 X-ray powder diffractonetry (Chem cal analysis
Vol Hlﬁéoclilsef Z3BFR I | %W&aSoﬁgblw Yokkaqenede) , | SBN

0- 4%1rc&di339- Brema%xgrrp&rﬁe ohréd suid-ablk erRafibi SHbate
zirconj a source ?1 use herein is DAIICH RC 100

whi ERPFRTTE SBPES 4%y T2y P F abY &' P8k e tBaRrPEhine
Klgense Hegakboio Bro bEoweldhd, , of 4zid-cbdiKosr@idpashinot
? ka 541-0043, Japan. The first step in the
presen process is the preparation of a shapable
dough cofrprays dh§E ractiling eard bekneedliarg at hetlpay tfocul at e

21 1 GRRL An 183G LREA-ARRY e WrfoinBs 20¢ St%ltEéQéE;‘c?1 naiand

optional addi'tives, to obtain a mxture avi'ng
t ot Aonget s aBAt @HICORLFFBHASHY, 2 Fig595 by sawalghtas

prefiabl yed rlarrRSS%Ak@;ngOa{qom wei shfge rOF € r et 52kl
from65%to 75% b As used her ei n the term

" soPVERY "PHERAs 5 ai‘ﬁt ’ﬂ‘?H‘Y IEhGRT e RE2LYRHaPe R
use 1i38) prepar Wigen ©isapapleewdaogh (Mdven, nismd owikt -t he
partlgg ate zirconia, and, if present, the cobalt
precursor.’ The solvent may be any of the suitable

sol vent sAn karaymple nof Re saitabfeopaekioyllage wht@mia source

al cohol 5:5uelaa5 20 gethancle-jebhanal, a0d-Aganangli,

ket ones, such as acetone; suc
proﬁﬁﬁaﬂab%ﬁufﬁﬁﬁoﬁ%ﬁ|Q§16Fh%uﬁﬂ9§nsgtﬁﬁgaku Kogyo Co. Ltd.,

4-4-14 Koraibashi Chuo-ku, Osaka 541-0043, Japan.

The first step in the present process is the
preparation of a shapable dough comprising mixing and
kneading the particulate zirconia described above with a
solvent, and optional additives, to obtain a mixture
having a total solids content of from 50% to 85% by
weight, preferably from 55% to 80% by weight, more
preferably from 65% to 75% by weight.

As used herein the term “solvent” means any liquid
which is suitable for use in preparing a shapable dough
when mixed with the particulate zirconia, and, if
present, the cobalt precursor.

The solvent may be any of the suitable solvents
known in the art, for example, water; alcohols such as
methanol, ethanol and propanol; ketones, such as acetone;
aldehydes, such as propanal; and aromatic diluents, such
as toluene. Preferably and most conveniently, the

diluent is water. Optional compconents such as acids and



as toluene. Preferably and nost conveniently, the
diluent is water. Optional conponents such as acids
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added to the solvent to act as a peptization agent in
the preparation of an extrudabl e dough. The zirconium
present as zirconia, in the zirconia extrudate
prepared according to the present invention, 5 may
itself be used as the catalytically active conponent.

| f desired, however, the m&ture to be nulled may al so
conpri se sources for one or nore other elenents to be
useeRses MRE Ratasldpei talthp aelvard conpohast ai perdadtdpn

Or addhtaddi thObrlBatiiel A bEOM Wl 0Bk AN&LYn I 0get her
with 10 one or nore pronoter elenments. Accordingly

the ni xHReZiFRAPIEBNRTSENE FDAICERS? die B WorrC@nla
eIe@fﬂﬁuﬂaselﬁfggaiedfaéﬁﬁﬂaﬁﬁgpSOIdﬁe bt&sert kByedtdBn, VB,

VIB, VIIB, VIII f LEl t

Uhe L ARERY o 5 SACTenFOEGL BERRLY L e Eotbotient’
cat af ydasdakby lastevee, cdrponehtise aoebd SntlHedeheyrenitss i n
H&n%@dlsfer Qbuidie BeLiqdi ¢ Table. otgé?uéfe nel &l §ents

sel ect omiron, ruthenium eni um
ni ckegd q@arthad@trmlyprtmllwumtewpmmpaﬁ@nt zqnﬁéeaf# ef or

espegi AldikiBhef &reiedy: Lohakh, s50Rnandy Nidjeher /& n
particularly preferred catal ytically active el enents,

20 @Are W%aﬁéﬁtplﬂé‘l%érw%]sﬁmeﬁitéf ert SR TITRE ¥ri %Pﬁr%ll’ﬁ;éye
al sfay asbrpitageoUsluyc6 0Ny iose & swrecelérmntansei@jwmt

1 i T ERE g bty oL 1o BSPL i 4P oC | CEA UL o

togehhe?eﬂmoﬁhp Téblede§|mxamenaa,a@tHUheohamtnanudee grar
Z' rﬁg&ﬁ‘l ! epar b éfe%%%i %(%ta*i'g@s%'s&l'{ﬁta%fch@é }o%%@ng 8 Hsed

ion 0 iTconi‘a extru erein.
SU|tth%#GMﬁnﬁée¥@ GuegbudeL siclfi tlae Rerdrfha Takdetit ani a,

and sbbs‘ceé i€ o1 NG SOYE C&-1Qfy EDEn ONSHOT riH B iGhement s

fromthe
cobalt, rhenium, nickel, palladium, platinum, copper and

zinc are especially preferred. Cobalt, iron and nickel
are particularly preferred catalytically active elements,
with cobalt being most preferred. The mixture may also
advantageously comprise a source for an element in Group
IVB of the Periodic Table, which elements find use as
promoters, in particular titanium, together with, if
desired, an additional source for zirconium.

Optionally, binder materials can be used in the
preparation of the zirconia extrudates herein. Suitable
binders include silica, alumina and titania, and the
like.

The source of the one or more elements from the
aforementioned group may be either soluble or insoluble
in the solvent. Typical sources include salts derived
from organic acids, for example acetates, benzoates,

ethanoates and propionates; halides, for example



30 aforenenti oned group nmay be either soluble or
insoluble in the solvent. Typical sources include
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acet ates, benzoates, ethanoates and propi onates;
hal i des, for exanple WO 2004/ 065002 PCT/ EP2004/ 050034
7 chlorides, brom des, iodides and fluorides; and
other salts, for exanple nitrates, oxides,
hydr oxi des, carbonates and chl orates. Sources
insoluble in the solvent are preferred. Hydroxides
have been found to be 5 particularly preferred. In a

pr efelrEdesnboEiTHERE - ofodifes prik dtor At eof otlter

par b4 ol atre rzb £ 5@lleant Sra¥ieXedoddd , an $@hadileB! €CUr sor
and sol vent to form a shapabl e dough which i s then

extF?ﬁRﬂTatSSp??ﬂnqmioﬁaEﬁﬁJal?oEEEQﬂ BEOLPlE 2Pritfhia 10
car EbBFen‘d‘l@lﬂé epafeat-di Ng Hydraxidys hete aspectoafd thebe

presggglcu tlonf£hgrg is provided a process for
preParing a c Ted €obal t/ zi rconi a conprising the

steps dfmn aaprgﬁgﬂmadlﬂ@bqﬁnmhapaﬁf¢h§oy§ﬁsaMt|@hventlon
conpyl Sﬁﬁrtﬁguﬂéﬁ% r@BH'lé( neagh noy %Qﬁré ! &olﬂaﬁtce%recursor

Zl rconia an a cobal t precursor wt a solven
obt an@d elviehkt be fIravRnIarabodr | draborbesh isf thelom 50%

10 <8p2aduy WBI BRluidR: aXddaid egtglfy%tsbﬁ\p@bgl%cgﬁygh to
forma 20 zirconial/cobalt extrudate, and c. ¥|ng

and “8&Ft§hi n§SPfe afCPEDRB/CoBal #r t ekt PERfAte! Of
chapags e aadehﬂldm &het@&d)@libvmtlcataEchdeéw\ ifar

conprises. Nno NnD %o b ht of zi.rco ha

whi ERCPE Githar © CORHOCPL R 6 1 FEBAT I LPAnghe oteps

preseént invention further provi des a cal ci ned

zi reconi af cobal L extldat e NEERALGEL PN B REBGESSs
mixing and kneading a particulate zirconia and
a cobalt precursor with a solvent to obtain a
mixture having a solids content of from 50% to
85% by weight,

b. extruding the shapable dough to form a

zirconia/cobalt extrudate, and

C. drying and calcining the zirconia/cobalt

extrudate;
characterized in that the particulate zirconia comprises
no more than 15% by weight of zirconia which is other
than monoclinic zirconia.

The present invention further provides a calcined
zirconia/cobalt extrudate prepared by the process
described herein.

Suitable cobalt precursors for use herein include
any cobalt precursor which leaves only cobalt oxide on
the zirconia support after calcination so that the
catalytic performance of the final product is not

impaired. Suitable cobalt precursors include, but are
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descri bed herein. Suitable cobalt precursors for use
herein include 30 any cobalt precursor which | eaves

calcination so that the catal ytic performance of the
final product is not inpaired. Suitable cobalt
precursors include, but are WD 2004/ 065002

PCT/ EP2004/ 050034 8 not limted to, cobalt

hydr oxi de, cobalt acetate, cobalt nitrate, cobalt

oxi de and m xtures thereofs 8A- particularly preferred
cobalt precursor for use herein is cobalt hydroxide.
5 | pot sliprigeeéried cobalthdivddexide t kebal ktapedagebagibelt

COMOPENe 1 BBt 3%:8e PARE hikhg-A0eAL dO¥. the

prepar at i on of an extrudable dough of zirconia. The
basPér‘b’cFrﬁ}éﬁhiﬂ predepred ¢iokBlly RERFYASAT ¥ use herein is

amesbhard ellya_a&i@ corrpound an anmoni um comnpound or
an organi.c .an ne h_basi 0 conﬁounds are rem)ved

upon cal'd r’rét?ﬁ#e&r’faga\‘% WEHUT et RB M YERe® Pasic
ext E:U]ﬂ}_air&&tt 0o | apaiak hhsegtatzahytagentpemf atheapeepafattibe

fingl Bl oduGl s NE RASH O, CUTROUNG, | Sy, [0SL B ELEL ARy
an ammn U conp bl &

conp@uwdeﬁegaahrmmr@nlats ﬁh@mn@mﬂreéﬁabam @omeqpmmdm
i ncl g bR HX LY &n @é@,@ﬂhg Qﬁn%Uffé&érP'Nas&Q

etlzet e zirconia present he "mi xture.
anDGﬁtﬂP@fnd@aélF@ ¥TRySanePPY éééﬁ%na}tﬁoflhénd rASet E}P’é can

be reagditey dat erdniBegubyrdELasulhhg 1t hee p&r&&ﬁytﬁbe
m xture. During_nulli % the m xture shoul d

preP@FS%’PV‘Wf&v%f t&mfﬁ 21 FEFOFlfge dfef PRI B, C@m%mﬁ%
pr ekesabpyeferanl 9.0 bomddith chbopodtie prRepastatsuanafe a

co-mul | ed Z|Cr01gnon| afcaobal t = .shapabl e dough, it is
pr efErPed™t FOTRETUde S A"t He i xture an acid conponent
to act aBha apwepnt zmdpaagenompPhed aigicd uded vorpeundxtiuwe

pr efs%()gp!i Yot s%@?&%ntaggdpmguage Qi r@Bnia present in
the mixture. The amount of basic compound present in the
mixture can be readily determined by measuring the pH of
the mixture. During mulling the mixture should
preferably have a pH in the range of from 8.0 to 11.5,
preferably from 9.0 to 11.0.

For the preparation of a co-mulled zirconia/cobalt
shapable dough, it is preferred to include in the mixture
an acid component to act as a peptizing agent. The acid
compound is preferably a mineral acid compound or an
organic acid compound. Such acid compounds are removed
upon calcination and are not retained in the extrudates
to impair the catalytic performance of the final product.
A preferred mineral acid for use herein is nitric acid.

A most suitable organic acid is citric acid.

To improve the flux properties of the mixture during

extrusion a surface active agent or polyelectrolyte may

be added to the mixture. The addition of the surface

the zirconia support afPE&r/EP2004/050034
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organi ¢ acid conmpound. Such acid conpounds are renoved
upon cal cination and are not retained in the

final product. A preferred mneral acid for use
herein is nitric acid. 30 A nost suitable organic acid
is citric acid. To inprove the flux properties of the
m xture during extrusion a surface active agent or

pol yel ectrolyte may be added to the m xture. The
addition of the surface WO 2004/ 065002

PCT/ EP2004/ 050034 9 active agent results in a
snodthigie ageRdatEl texiiufe SBPRIDeragkt idates texitutiongnaf

t hesgxdiivdeds w&@aﬁg ofutrhtehs&trudehepi&wat | opuSher,
mcropores in the calcined catalytic material may

be
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cationic surfa act| ent
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act pyephegent @onoqaébowhmolaéidal k%ﬂhaﬁéha%ﬁdoﬁ&kyb amines,
COMpEUdS,y1apy£idite, @@p&@&@gm i Csu@gh&&un{ aggws;ﬁ{an%m

sul phonat ed aromatic npounds, al cohol | phat'es,
et héPdaJerjé’F?éPms‘Eﬂ“}?ﬁ&?%%' anéﬁPbﬁaﬁtUéféaP‘ét%c%’f& 3P¢REsand
phowhowacmpa@; daE@lltaaed adm:Bi A 0FonipehEs ,Sldircfyamf:‘c active

ol PR ENE: AGORol L FaPe Oy e Hy PR e Sromatic

al kybapotes, pb&:qmils sup@{amelsnyétladn:@hobhcalnckuaphaiyésem c
P yERion e A M B LSTeARLINE BORLlEss g
to wayor@@ woE fte abhserl amnt:he izve‘ gh@m@fe zvlollwr@?malene

andiLQk Zhi&RAka p@lry%gyégme%egﬁmhdla tﬂ?lﬁx)ﬂa\a'ﬁﬁlen-ghe
surface_ active ent may be added at 3’ stage_of the
m X@ﬁéy%ﬁm%ﬂestopo PUSPQ&VVlnyl alcohol and acetylenic

glycols. The amount of surface active agent is typically
from 0.5 to 8% by weight, preferably from 1 to 5% by
weight, based on the weight of zirconia and/or zirconia
precursor present in the mixture. The surface active
agent may be added at any stage of the mixing prior to
extrusion.

In principle, it is possible to combine the
components of the mixture in any order. However, it has
been found advantageous to prepare the mixture in the
following manner. At the very least, the mixture
comprises zirconia and a solvent, which are first mixed
together. If the mixture is to include a basic compound,
it has been found advantageous to add the basic compound
to the solvent before introducing the solvent to the
particulate zirconia. If desired, a source of one or

more elements in the aforementioned groups of the

to inpair the catal ytic perfor nane€r/ep20041¢50034
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In principle, it is possible to conbine the 25
conponents of the mxture in any order. However, it

the followi ng manner. At the very least, the mxture
conprises zirconia and a solvent, which are first

m xed together. If the mxture is to include a basic
conmpound, 30 it has been found advantageous to add the
basi ¢ compound to the solvent bef ore introducing the
solvent to the particulate Yitconia. If desired, a
source, of, one, or nore elenents in the aforenentloned
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addedegi. &rfydﬁﬁhaéeﬂumﬁhqoe mdséﬁ@lgat g f ‘enaﬁblcyarttuwar ds

t hepend, of p'fbl‘éf‘ﬁoly-ry.e\%é:ﬁlé ¥helOfy WeXhykfd s m xed by
mul | i ng ‘of a peri od from10 to 120 m nutes,

pr ef er aﬂ%PlF%H'lSthteoml’i‘EP@Olm ik itess by Dt Hg ot her a
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Be mulling a ara%ﬁ Al Si mpson M xer Ml |l er,
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conwereésd yﬁomavacrlladﬂb/eafaudmome Pors SiimpgrCiTechid] oRige

de EB?B&Q%éﬂ%n32751'%@$§él£%€'ﬁ%5@é Q%HP%éa FfanGe: I8 RA,

used for knead i ng 8rocess The “mul flng process

may U58- caCPFrﬁl@eabhxr @\lﬂe%\ ¥hrodacadtr caRyerofally
tempetatapiey moefer abhytit amcls, tor ,56Ge A\é Breal @Sk 132,

of 9%?6?% rg‘pétaﬁ?pgedelxr,]t grgrpc(ae gaiz(tkl)'ler Fﬁscej: tthe kneading
process.

The mulling process may be carried out over a broad

range of temperature, preferably from 15 to 50°C. As a
result of the energy input into the mixture during the
mulling process, there will be a rise in temperature of
the mixture during the mulling. The mulling process is
conveniently carried out at ambient pressure. Any
suitable, commercially available mulling machine may be
employed. At the end of the mulling process, a shapable
dough is obtained.

The shapable dough is then extruded using any
conventional, commercially available extruder. In
particular, a screw-type extruding machine may be used to
force the mixture through orifices in a die plate to

yield catalyst extrudates of the required shape. The
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pressure. Any 25 suitable, comercially avail able
mul i ng machi ne may be enployed. At the end of the
mul I i ng process, a shapable dough is obtained. The
shapabl e dough is then extruded using any
conventional, conmercially available extruder. In 30
particular, a screwtype extruadi ng machi ne may be used
to force the m xture through orifices in a die plate
t o styeepd fameldyse Grugder emyothemda egii Fedhehape.

Theap\QQogQQélg@qgQQghPCT/ EP2004/ 050034 - 11 strands
formed on extrusion may then be cut to the

appr opr 8¢ e ENGERSS T‘Haé( BXYS Ud&t ES e RAVE4SHEf or m
of mHiuBdes Snollloncbytphlrfa@rbpl droWagyhavwler SorRrwHiRY have

f b t t ed filobed i
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arttakﬁypnyacbitryer tthem le)dwnun;hatté@ have &'ypdnehhl, the

d' aR! QLA 0 s f afv@g émﬁl a§ Hgamete&f\;ﬁrﬁ%w of 5am & to

nm especi a rom ter ext ru5| on t
ext@ltﬁcf@tféblmfe‘fom Pefl, te, 4ngHatesajeCi@lhErﬁ§@rﬂal ure 3f rﬂEm

100 to 3QQ.£ J}&rruélgﬁrﬂl'féd eQf rRRBENYLELrikE, 3 I'bouﬁﬁi a
prlor to cal ci nati on. CﬂlClnatlon is Convenlent

car FFRRFTEHLTE ey 180 % O8RpeT dodr 8 RpF e 0&%@1¥utes

pr et@rﬁb;wrsn dhierr ange ek nftin. 30@a1@1nb@.@_enQS rmr e
preferably ﬂythe range of from300C to 808
esp‘é%rf"aﬁ“il;‘?“F t??&rﬁﬁﬂgoeu of Mf Fm#F00C T EF0LE S 5 to

Cal ehapti oprferbBey ext rudatfsye s£t yRincabbyreffoeot ed,
for a perlod of up to 5 hours, preferably from 30
M nDe%s FEetaraoURs, thherasgef ok £ 1ared0OE ERBA Fconi a

ext pudaties 1iSin 2Qeprehes afl Yrbm dobecr engmoot. from 40

andcgfglgg%égn gg)the extrudates is typically effected for a
period of up to 5 hours, preferably from 30 minutes to 4
hours.

The surface area of the zirconia extrudates is
preferably in the range of from 40 and 300 m2/g, more
preferably from 50 to 100 m2/g, as measured by a nitrogen
adsorption BET method described in J. Amer. Chem. Soc.,
60 (1938), 3009.

Once prepared, the extrudates may be subjected to a
deposition stage in which sources of one or more
catalytically active elements or promoter elements are
deposited on the extrudates. The sources may be any of
the elements in the groups of the Periodic Table as
discussed hereinbefore. 1In cases in which the original
mixture comprised a source for a given element, the
deposition of a further source for that element may be

effected to increase the loading of the element on the

extrudates.
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preferably from50 to 100 n2/g, as neasured by a
nitrogen adsorption BET nethod described in J. Aner.

extrudates may be subjected to a 25 deposition stage
in which sources of one or nore catalytically active
el ements or pronoter elenents are deposited on the
extrudates. The sources may be any of the elenents in
the groups of the Periodic Table as discussed

herei nbefore. In cases in-wh ch the original 30

m xture conprised a source for a given elenent, the
deposi t Pepegiftignf af tsheousotrade af ortalvitical byeantinay be

ef f to.i ing op.t he
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Depd&iactefl f aavseliride sechniaesl yrewaliry thetdhre
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ef fected of the techn wn in the
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i mpregnation_incl ude organic and 10 |norgan|c
| i giheikganiat bkasdisngrat 9o Seied v ERFEntonyitd Lept etrék r ed

i qgkgfe&at bl 8 LONPELINGS cOfordiRndesif ade BLermIt

i ncl ude both organi c. and i norgani.c conpounds th a
pr ePEPTEHe 1R 6T ABER IS aRAF P h i@ 58T §°Wﬂ°?$ﬁ?
sel ectiech %)Qlef@fﬁncel tfosmmipdub@s notied dhatsoaddi¢iion tob

15 ac d or, bases may I|t te the s bilit
sui £8 T%§e ﬁ% hds o% elaes?rQ§ eglékéil?ddlylon ot
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Most, pr&SI&Ir 69 ale deésayee@%aeﬂgm at @5 206, ydr oxi de
sol utions of the desired
compounds are inorganic compounds. Most preferred are

aqueous ‘nitrates and hydroxide solutions of the desired
element. Especially preferred are nitrate compounds of
the desired element since these can be used as a melt
thus resulting in a high concentration of the desired
element in the liquid.

The extrudates are most conveniently contacted with
the compound of the desired element by immersion in the
liquid. Preferably, the extrudates are immersed in a
sufficient volume of liquid so as to just £ill the volume
of pores in the extrudates.

If the impregnation is conducted in a single stage,
the extrudates are contacted simultaneously with a
compound of each of the desired elements in the present
of a liquid. Preferably, the extrudates are immersed in
an aqueous solution of nitrates or hydroxides of the

desired elements. If the impregnation is conducted in a
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el ement. Especially preferred are nitrate conpounds of
20 the desired el enent since these can be used as a

desired elenent in the liquid. The extrudates are
nost conveniently contacted with the conpound of the
desired elenent by imersion in the 25 |iquid.
Preferably, the extrudates are imersed in a
sufficient volune of liquid so as to just fill the
volune of pores in the exttludates. 1f the

i npregnation is conducted in a single sta? t he
exthlygat &sy fife s¢amtnctt®q S¥MNRaRRAS yO ifeg 3p 2

CONPQURdsOfgLaehn0h ddipodesidednel emailes dbsi e
present of  a |liquid. Prefgra Ly %he extrudates are
& ?rﬁfliﬁeaaﬁ%ﬁﬁﬂf s it ifdHUhE Hid ARt BsSSeauent

hydef@gledesuofa tdeepodssiofed £lxtment §esilfedt hkement in the
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presence o urd and in a subsequent stage with a
conpbawd egfh almﬂrletghé‘lil%@r adueitdreRt9Is impReIBRtion,

presgnce+@fiagcdd Qubdarihe | rRdlibnamy: &ies tuhaeﬁam&r the
different in the stages, npst convenie 3

N SR TP At B P OraEs FRpEe PRoPeRr PRahat Seqeapedr
eachréﬁm{a@gpatamﬁ nha ch|ehthdﬂg.®gl ppsegiat tiom, the
extrudates are onditi.o der t

10 %§Y?Qﬂ§§?§saﬁﬁ c1ne % tFFlClng%l COHd%@#&HE Q%?ng

ried ‘are t hose as herel nbetore
desenbdechs hPrefréredbly, defaréebed he or each dryi ng

proceSS’The agéf ﬂy%gﬁ§ égﬁivgaéf%ﬂg%q by Qmpékgééﬁﬂ'fﬁn

condi ti ons bein hos as hereil nb efore descri bed. The
cat &hytpreaiucy aretairv@meiné’?r@rft They béoptRea=tEnPY 15 the

proguelyd Wi £0bm fT0ML156 kR @raeagay, pex 100
wei ght, Arelerably from 10 o 20 Rarts by weights per
100Parts by weig
may be present in an amount of from 0.1 to 60 parts by
weight, preferably from 1 to 10 parts by weight, per 100
parts by weight of zirconia.

In a preferred embodiment of the invention a
zirconia extrudate is impregnated with a cobalt precursor
which is then dried and calcined to form a calcined
cobalt-impregnated zirconia extrudate. Hence according
to a further aspect of the present invention there is
provided a process for preparing a calcined cobalt-
impregnated zirconia extrudate which comprises the steps
of:

a. preparing a shapable dough which comprises

mixing and kneading a particulate zirconia with

a solvent to obtain a mixture having a total

solids content of from 50% to 85% by weight,
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parts by weight of zirconia. The pronoter, if present,
may be present in an anount of fromO0.1 to 60 parts by

100 20 parts by weight of zirconia. In a preferred
enbodi nent of the invention a zirconia extrudate is

i npregnated with a cobalt precursor which is then
dried and calcined to forma cal ci ned

cobal t-inpregnated zirconia extrudate. Hence according
25 to a further aspect of th& present invention there
is provided a process for preparing a cal cined
cobal t - bi.npreyiradédy Zire shirpakeda dedah ecafiosh 2 gripcieses
the steps OfyigaREEPari ng a shapabl e dough which
conprises 30 m Xi ng and kneadi ng a particul ate

zi rconi &-wi t FPELRdEiRhttheozbFteliR §XkFudaieevheving a

total solidsigont eBbadf Jreenr&rbor8aiobyongight, WO
2004/ 065002 PCT/ EP2£04/ 050034 14 _b. extrudl ng the

shapabl e doub?P?ﬁ?nF Fih 2 FPPEB A TUER S U C.

I mpr egnat.i ngdtenz lahd oth laciexhy udet eomltl:rmprbgmaﬁedi
cobal t precursor t.q gggq%%tcobalt 5 i npregnat ed

zi rconi a extfudate, and- gfylng and cal cining the
cobaharaqqmregaatxnithatrthﬁnmarex¢uhﬁiateirqﬂniaaGanﬁiﬁed

in r{icul a rcan r o]
ok Skat o8 L MLl SOOI oGS, 0ot
non@bﬁmrWQ?OEﬂF@%ﬂn4}r0¢ﬁéapresent i nvention further

provi despi ¢aksimed nveRbald thppPregnabedadd 1Cenidined
extrudate prepared according to the Erocess descrébed

her 6PR2MSUIMPABPRA 19 G- 8°TYFa |Ef<tﬁ?%act&r BPR Gy accoraing

I Mpreguad igicedb ddweribedarir@iextrudate include

aqueous §O|UEJon éﬁld cobalt precursors for impregnating
the zirconia extrudate include agueous solutions of
cobalt hydroxide, cobalt acetate, cobalt nitrate, and
mixtures thereof. A preferred liquid cobalt precursor is
an aqueous solution of cobalt nitrate. Another preferred
liguid cobalt precursor is an aqueous solution of cobalt
hydroxide in ammonia.

The calcined zirconia extrudates prepared according
to the present invention exhibit significant improvement
in strength compared with calcined zirconia extrudates
which are prepared with particulate zirconia which
comprises more than 15% by weight of zirconia which is
other than monoclinic zirconia. For practical
applications, it is preferred that the strength of the
calcined extrudate is greater than 100 N/cm as measured
by the standard test method for radial crush strength of
extruded catalyst particles (ASTM D6175-98) .

At the same time as having a high crush strength,

The calcined zirconia extrudates prepared according to

the invention also have a high pore volume, preferably
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preferred liquid cobalt precursor is an aqueous
solution of cobalt 20 hydroxide in amonia. The

cal cined zirconia extrudates prepared according to
the present invention exhibit significant inprovenent
in strength conpared with cal cined zirconia extrudates
whi ch are prepared with partdcul ate zirconia which 25
conprises nore than 15% by wei ght of zirconia which is
ot her3 thide eormekitarc a8 reasmiced Byrngracti tatrusion
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greater
present invention may be applied in any process in which

a zirconia-based catalyst can be used or is required.

The zirconia extrudates can be suitably used, for
example, as carriers for catalysts which are normally
used in hydrocarbon synthesis reactions such as the
Fischer-Tropsch reaction, hydroconversion processes, like
the hydrode-metallization, hydrocracking and
hydrodesulphurisation of heavy hydrocarbon oils, in the
hydrogenation of hydrogenatable components or hydrocarbon
fractions such as kerosene and various types of cycle
oils, in the epoxidation of olefinically unsaturated
compounds with organic hydroperoxides, in the hydration
of olefinically unsaturated compounds to produce the
corresponding alkanols, in the purification of exhaust
gases, in particular in the denoxing of nitrogen-

containing oxygenates, in isomerization of olefins or
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zi rconi a- based catal yst can be used or is required.
The zirconia extrudates can be suitably used, for
exanple, as carriers for catalysts which are normally
20 used in hydrocarbon synthesis reacti ons such as the
Fi scher-Tropsch reaction, droconver si on processes,

i ke the hydrode- netalliza¥ hydr ocr acki ng and
hydr odesul phuri sati on of heavy hydrocarbon oils, in

t he@ara§ingedanpoisadfiopyelf cyenanamng eehfpctﬁﬁéfmos of

hy@gggggpgqnglgfggglons such as kerosene and various
types of cycle oils, in the epoxidation of
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erein as catal carriers in Fischer-Tropsch
typenrQﬁ?cPF%@E?ﬂilapn%ﬁiQﬁ@rﬁF%ﬁhﬂEFnBY(F%ﬂﬁﬁlEﬁaﬁ%ﬁb
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according to a t her aspect of the present

i nvetdidriotfere is provided the use of a cal ci ned
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particular use in Fischer-Tropsch syntheses are zirconia
extrudates prepared according to the process of the
present invention comprising iron, nickel or cobalt as
the catalytically active component. Cobalt is
particularly preferred.

The zirconia extrudates prepared herein can be
reduced by contact with a hydrogen-containing gas at
elevated temperature and pressure. Typically, the
reduction involves treating the catalyst at a temperature
in the range of from 100 to 450°C, and at a pressure of
from 1 to 200 bar abs, for 1 to 200 hours. Pure hydrogen
may be used in the reduction, but it is usuvally preferred
to apply a mixture of hydrogen and an inert gas, like
nitrogen. The relative amount of hydrogen present in the
mixture may range between 0.1 and 100 % by volume.

According to a preferred embodiment of the

reduction, the catalyst is brought to the desired
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zirconi a extrudates prepared according to the present
15 invention conprising elenents, optionally with one

O particular use in Fischer-Tropsch syntheses are
zirconia extrudates prepared according to the process
of the present invention conprising iron, nickel or
cobalt as 20 the catalytically active conponent.

Cobalt is particularly preferred. The zirconia
extrudat es prepared hereim ¢&am be reduced by contact
Wi th a hydrogen-containing gas at el evated
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f r om Rt ure Qolmta@alrlnab%nlw ér srlalelo apeunh Ry @ydm@ gas,

hyd{roegerréstr@é/lrb;e nd886hdm gtaBe regueli o ARdtictiod,s the
usual ly preferred todra%p \é a mxture of h dro en and
Brdg

an F‘?ﬂérttlvﬁagmoqritkéfs%y @ PhEle Jas it of
hy dg egeia1pyeseiieasBdt i toNBEE Use vighyme angevbﬁt EEN b, 1
and 00 % by volunme. According to a preferred

1t of the reduction, the catalyst is brought
to t he d@smeeﬂtémtﬁ%ﬁésﬁﬁfi@ﬁ@ KRCHLEPR 0l BB008dtacted7

tengeratu%&x@gﬁ%p&ﬁggf%éa %%Xﬁkl&éjaﬂﬁnﬁ%éégygg at an

at nospnere sequen e cata ys' cont act ed
Wi t Blevagzs! tammnﬁt@remchmreﬁguml y Tapserlllly - ablint  of

hydrogen $ass effé%t%@sit taeltagp@faftruggenn 03% rBMEd nge the
reduction, the 5 relative anount of hy droLP%en gas in

t hefga® Moxtar 254°€, BFaREOLY T ddsetl % 67 50% Dy

vol wsfé)fahﬁ‘yeﬂra:@%by tydsoe, dderealiererohe205°c to
resul hgng C ta .may be contacte mxtureo%f

car BOH TrondxFfdE aa%doﬁy]a’f%sgsé‘ﬁeai’s Wpfﬁmﬁ%vélt 7 i
t enpecat ure and iressdr . prBfpicelal ¥ fromhe ta dQ6tban i s

effe%teg ﬁgreapgg¥g¥gb%§u£§%ﬂ'%Ot@g f@nggrpfespecially from
40 to 70 bar abs.

The hydrogen and carbon monoxide is typically fed to
the process at a molar ratio in the range of from 0.7 to
2.5, preferably in the range of from 1 to 2. TLow
hydrogen to carbon monoxide molar ratios will increase
the C5+ selectivity of the catalysts, i.e. the
selectivity of the formation of C5+ hydrocarbons.
Unconverted hydrogen and carbon monoxide may be recycled
to again contact the catalyst. 1In such an arrangement,
the molar ratio of hydrogen to carbon monoxide in the gas
actually contacting the catalyst may be considerably
lower than that of the feed gas for example in the range
of from 0.4 to 1.1.

The gas hourly space velocity (“GHSV”) may vary
within wide ranges and is typically in the range of from
100 to 10,000, preferably 100 to 5000, more preferably
from 500 to 3500, even more preferably from 800 to 1600
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from 125 to 350C, preferably from 175 to 250C, nore
preferably from 200C to 250C, especially from205C to

15 fromb5 to 150 bar abs., preferably from5 to 100
bar abs., nore preferably from20 to 100 bar,
especially from 40 to 70 bar abs. The hydrogen and
carbon nonoxide is typically fed to the process at a
nolar ratio in the range of from0.7 to 20 2.5,
preferably in the range of ~ffom 1 to 2. Low hydrogen
to carbon nonoxide nolar ratios wll increase the Co5+
sel 8&{i{f+y The Feren CHEYI istielli kpownt e thelasdt peity of

t he ybosrad it@ntRE st péydwﬁarspggé velléegepvef tedipe
hy drogen and carbon nonoxj de be recg 25 to
®r

aga"ATEBht AU YR HEE gt R stn NIln éLFch aint %ﬁg‘é‘ﬁéﬁt

t he tambafamatel efocﬁ ch)adﬂogeen s&anaafchﬂeHE@@(Idie 1i Bat he
gas I i.ng t a st be .

conS| 6§H Py omer ﬁanm?hffg8% gangéﬂéggtPo?ne
exariplteelcpf tdae.aitmeaartbiCIers)m On4tlieo cksd. oBGh Fheedgased
hour e I (" ) WYa
ranggéagﬁﬁglgxgégﬁ%éﬁfyu§ﬁg% eegg%aégfk ﬁ%%?liggéqﬁf
10, Gbe, cpraiveita w 106 - t B SGONI nbrierpret ety void om
500 &,9:8500, even nore preferably from 800 to 1600 WO

2004/ 065002 PCT/ EP2004/ 050034 - 18 N /I/h. The term
GHSV i s W PTRABHH §9F Fhe RraPazAbion afahEdri3 RS gy

per Héoubncsm@a velofiat Yariets: otfhEeamrunapp@sf agynt hesi s
E I? at the staq%erd %£%r ture of 0C and

the r§f’"5 4 oreﬁrl%im € of* T har 25Ty 0°Pd)) whi ch

i s confastied iregone. haufined Mbedneeginie rie pfefatradystIit

par yﬁlleﬁe ﬁ%r%@?ag&is%hgg &J sé%g Qr?c{j sh%?éa%%?he the

expresse tre o
cat aiaygtlys%*ecpartlel% W@Wuaahsg qeﬁ?éf#w toinc tharragsitdon

SpaQ@égime they are intended for. The person skilled in the
art will be able to select the most appropriate size and
shape for a given reaction regime.

Further, it will be understood that the skilled
person is capable of selecting the most appropriate
conditions for a specific reactor configuration, the
reaction regime and a work-up scheme. For example, the
preferred gas hourly space velocity may depend upon the
type of reaction regime that i1s being applied. Thus, if
it is desired to operate the hydrocarbon synthesis
process with a fixed bed regime, preferably the gas
hourly space velocity is chosen in the range of from 500
to 2500 N1/1/h.

The products of such Fischer-Tropsch reactions are a
mixture of hydrocarbons including paraffins, olefins and
oxygenates, such as alcohols and aldehydes. The co-
mulled zirconia/cobalt extrudates and the cobalt-

impregnated zirconia extrudates are particularly suitable
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ebullating reginme. A fixed bed regine is preferred. It
wi ||l be appreciated that the size and shape of the 15
catal yst particles nmay vary dependi ng on the reaction
reginme they are intended for. The person skilled in
the art will be able to select the nost appropriate
size and shape for a givenl¥eaction reginme. Further,
it wll be understood that the skilled 20 person is
capaiyeén oforséhecprempriehéomust ocdppipr ieapecialgydCi I ofist

fOfol%fif}sc'gar%legf&w ﬁoaém&%@mmnhhs %fe%grgenset

I'me and "a wor k- up “schenme. For exanple
pr effeanegrwglaéPrﬁéa@m PIosace YEI8Eleys el deph@lapbns

the, . d }SQgtPéulra.ecﬁg hruegl rdator s fel Agt@finitedange
Thus, if 25 it is desired to operate the hydrocarbon

syrﬂlﬁ‘é@i"és process with a fixed bed regi ne, preferably
t he gas Heh@@r3¢ospae@ teeletid urshehasprct not ther ange

g.f Sél{?gs? rblb‘é 1%32% Efer(-?Lg,léh ro'l;h%egtr)odur%tcgsgffsru%lﬂe

re o
hy dssparbehen iafc hiudhey Pafand ik ingl &fdamdlapel 14 carbon

oxy enates a S
S St D 5L 10, 04 Oty S T e
i npmxec@xaffedhwrr-@@npacfemqaeéa@rescoaﬁetw% ieuFhe |y

sui £ ABl e MO 20044065002 JCH/ EPRAOLL050031 a7 cdiSait

herein for the preparation of ol efins, especial]
Cl1ecadaGE e s Cagaﬂ% &OB?W”%“WIEB%F%FFBHOW“TV h a
preterre@dtset of Fischer-Tropsch process conditions.

Cll -Cl14 olefins  are artl y ef ul [ ecur soQrs
for det €rg8ntet atr?gglaxg %ﬁ%aéh_ ?Imea é)(?goff ?%tglon th
yet tRe fiyfdrbeariaspectdott tsiteeaxpr egeit srdentadntairemg a

s HESHiégidylefﬁ‘¥€%S§tffga§£h§5°), it is preferred to
carry out the Fischer-Tropsch reaction under such
conditions that the average “alpha” wvalue of the catalyst
used is in the range of from 0.87 to 0.92, preferably
from 0.9 to 0.92, especially around 0.91. The “alpha”
value is known in the art as the ASF-alpha value
(Anderson-Schulz-Flory chain growth factor). As used
herein the average alpha value is the value of the ASF
chain growth probability coefficient that best describes
the measured hydrocarbon distribution between C20 and
c39, that is, the value found by statistical regression
of the measured data, using the so-called “least squares
regression” technique which is well known to the person
skilled in the art. The value of “alpha” in the range
preferred for use herein and as mentioned above provides
approximately twice as much of the C11-Cl4 fraction than
a value in the range of 0.95 to 0.96 while still having a
relatively high C5+ yield.
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carbon atons conprising contacting hydrogen and
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conditions in the presence, as catalyst, of a

cal cined zirconia/cobalt extrudate or a cal ci ned
cobal t-inpregnated zirconia extrudate. In order to
maxi m se the Cl1-Cl4 carbon fraction in 15 the

hydr ocar bon product stream while still maintaining a
high C5+ yield (of at least?85%, it is preferred to
carry out the Fischer-Tropsch reaction under such
condi t i GAsC¥MR tPhBaxmisggehe flshanicdvuefothe HE1-C14

cat@d el £us&didng ar‘pﬁéf%r&@@gsﬂetot;ff FOMPHR 87 - 4,05 G 92,
preferably 20 fromO0,9 to especi ally around

0. HECCHTE G%fll%ﬁd“onsvi'a? Fé F%leCPﬂt%%nngY%%Oqeﬁeand
ASFczﬂ&l:pﬂﬂamUﬂd)MQie LAngefsar- Sehid bekﬁw 1Ghal neg roqwt n

fact.or sed _her e t he average ha val ue

thet b e Bt e mASE S 4RSS R B dbBorriey of ctom

coe?dq dqoeﬁﬁofhatprbéstabjle’s@ﬂﬁbie:s 228°Chea meassuned in the

hyd n tni byt t t
R e o el Bl e 20 e 7R

rrea@rmleadGéiﬁifaO,f dsienglitheaos80ediNed " peeistrabgyafesn 500

regEgsgi@nhiechni que which is well knovvn to t he

person skilled in the art. The val ue of "al pha" in

t he rand&ribehr fePFeRF o maEEnRer Ehf %lﬁéch@htqfoﬁéﬁ

abowel {riavirdest i RPPE OXd PrElyrdoMttat ashdieRa0§st s an
Cl1-Cl4 fractjo '

t th f_0.
0. G R P o A P S SF e o ?%P? %a&ﬁeegafiﬁ%ﬁa
WO 200H062002 d?in/rEﬁZD@ndd 0500 3dn. In order to
mexi m S&H ! hgmc%lfge or%l tt.é/ly%fllp!a]h_ﬁggf]l«]ca. %:%ob%%q:bgrq the

fraction, rre set” O ropsch process
condit¢ayis pérlalserf dk| pyeterebhy agt ithg hweo@énfmm 3 to

car ?@@ﬁ%@xbg%éﬁh@ pol aror g&f@s @y LLoMd oF: 1itQnia
ta MEI%ht Sre el %erabl frogr%)%i?BBn QQi;b

ranﬁ@r%ﬁeq=p§ﬁ$rla more pre A par y

welght, especially from 20 to 60 parts by weight.
A preferred reaction product from the Fischer-

Tropsch reactions described herein comprises 20 to 60% by
welght of Cl1-Cl4 olefins, based on the total weight of
the C11-Cl4 carbon fraction. It is also preferred that
the Fischer-Tropsch reaction product comprises 85% or
more of hydrocarbons having 5 carbon atoms or greater,
based on the total weight of hydrocarbons in the reaction
product.

The invention will now be illustrated by means of

the following Examples.

Examples
In the following exzamples, the term Loss on Ignition

(or “LOI”) is the amount of moisture present in a sample
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200 to 250C, preferably 205 to 240C, a pressure in the
range of from20 to 100 bar, preferably from40 to 70

from500 to 3500 hr-1. 10 Further, in order to
maxi m se the olefinicity of the Cl11-Cl4 fraction it
is preferred that the catal yst has an average
particle diameter of 2.2 mmor |ess, preferably in
the range of from1l mmto 2 nm The anmount of
catalytically active cobalt2bm the 15 zirconia carrier
is preferably in the range of from3 to 300 parts by
wei ghtregerradPpihesveighel gpt Of thik cowiPae eBa er
mat efd Almen@0i€ F30etelab] ¥ubhom Kt 9 BQiparts by

wei ght, especially from20 to 60 parts by weight. A

pr ek emipa e ueamaﬂdinearmmér@mmheta scher 20 Tropsch
reactions glﬁscr ed herein g ses 20dto gO% ﬁy

wei ght 4 251 6¥ s P¥bad aateoﬁc‘f%re 8t &P ght
of prémenClinGinticar borpfeapactd s fol lows .al S06prefarr od
t ha [ cti u r

5ot 5t S pHbABS ARG (HaBRAR TR P A B0,
gr edeemerz8abhs eyashalkire fromaPKKnvdlagheh bfKilypdsodtrdsdns

in khe,d eact.eq.) Q[’xgdﬂ&‘&\hn Therddwent t&{ht\%h' of‘oi’\’di‘?
il lustrated by means of the foll owi n

Exafp? é%lxe§ow’r’hh tzﬁé‘lf‘éﬁ“tf’vvioﬁgw%%ﬂrpl‘l%g g% P%r?ﬁ Loss
on hgbtizOBol{®ion kEbnYairS nfhesamupti @it B Shikdrelum

P it el ROy We VEFBRESS §4000f* FHAYSbampra vEe
af t eommérdalhprdvadtlabb® Grom ayfen rIadestnresz Bhour s.

Exagpl £ . Cab &1 nadz4 C itﬁeﬁxﬁc!t#@é% A.L‘h%al ci ned
Ing t

zi rconra ef?t fudat’e "accor T esent
i nviathonangdspraphriéd ararfsololf onglyviogd @#@h@loKMOWIOL

8-88 commercially available from Kuraray Specialties

Europea, GmbH, c/o Clariant Benelux N.V., Diemerhof 36,
1112 XN Diemen, The Netherlands).

X-ray analysis on the Daiichi powder using Rietveld
quantification indicates that it contains 92.09%
monoclinic zirconia, 7.9% tetragonal zirconia and 0.006%
cubic zirconia; all numbers being +/- 10% relative
accuracy. The X-ray diffraction instrument used for these
measurements is a Philips PW 1800 X-ray diffractometer
having the following settings: X-ray tube: copper anode;
Voltage: 40kV; Currrent: 55 mA; Divergence slit:
Automatic; Receiving slit: Fine; Vertical soller slits in
primary and diffracted beam; Graphite monochromator in
difrracted beam; Recorded range: 10-90 2 Theta; Stepsize:
0.025 2 Theta; Counting time/step: 5 seconds; Standard
sample holder with 20 mm diameter and 1.5 mm depth.

This mixture is kneaded in a SIMPSON mix-muller Type

LG (commercially from Simpson Technologies Corporation)
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Ignition of 1.9%, are mxed with 2654 grans of

wat er, 416 grans of an 10 ammoni a sol ution (containing
25% by wei ght of ammoni um hydroxide), 69 grans of
SUPERFLOC N100 (a polyelectrolyte comercially

avai |l abl e from Cytec Industries B.V. Bot | ekweg 175,
3197 KA, Botlek-Rotterdam™ he Net herI ands) and 139
granms of polyvinyl alcohol (MONCOL 15 8-88

confasy dbariyutgai | Bire theopd Kiycar 4y IBFeefariawh an

Eur Qe n Gt ae, oc&h@rnh@ag BeRe! yxzNoV¥. x Djener hof
36, 1112 XN Di enen he Net herl| ands). X—ra anal ysi s

on {FREBEFIRHY ﬁaaﬁ%%blﬁs TR™ i e 9BF LD d‘u&h?i Hlcaflienie
| ndib£tu@SBP ed, i76160NAnRSa D LdiRY) 20ramegCht 10D rpm.

zirconia, 7. / t.etragonal zircon| n % cubl c
2 ol PEREEEDE rEeLnRY Bof G G2TH0e%
accof aoy. 3. TheheX-doayh dif fexadctdah wilhBt # (Rt inske BONIPT

gihes nlg@s% tc§ahé, %H,EQ;L&H > RS 2 1800 pXn [ 3y Company,

T Givet €7 wing settings: ym
t Ub&52Q Soprerairodeod2 PRI t ABRiondOKY; @urr A&RES 51§A

Di Vgéﬂ'ﬁf‘\aGZSyrﬁm £ AL IR ieCp1 Rec @Ml 891 S ikl ¢ ¥l MRier
Vertical soller slits in primry and di ffracted beam

G aphe tRlavenocHoREE 6Y9ates are rddetedt bednt RRtor deyr
ranggi1ckdd90y 2-aihahati S epskzestary. 026n 2atTlaepfbduct

Counting tine/s n St a r
hol H‘éerWattHr?O"{r%% |§n€ % gﬂ‘dr q‘ﬁ'ﬁ] Sd“égaﬁe ea of
m Xthe efimmlkaeadethtenia & MRPSON mh>e— poté eml‘u'ytpels [0G326

VO T0GH 085605 HCT EBI004] GR000 U 3 iy eer itk

mi nuaegnea'ﬁweﬁdtlhﬁalwl %heretandapdsted PRFRASEN DOL175-

AQU3EI qugraré:%%wugwamef pehiag, 2" x 17"
(comrercially available fromF. Aoustin & Ce, 11, Rue

de EREGALX BRcERpart®16d Dammetal Cedex, France) at 200
fpm The procedure of Example 1 is repeated except that
the zirconia powder used in Example 1 is replaced by a
mixture of 80% Daiichi HC-100 and 20% of a zirconia
powder having the tradename SEPR HC 15 (commercially
available from Societe Europeenne des Produits
Refractaires, Les Miroires, 18 Rue D’Alsace, 92400
Courbevoie, France). SEPR HC 15 contains 98.3 wt%
tetragonal zirconia and 1.7 wt% monoclinic zirconia (as
analysed by X-ray diffraction using the same X-ray
diffraction instrument and the same settings as described
in Example 1 above) and has a LOI of 24.4%. In order to
achieve a similar LOI of the extrusion dough as in
Example 1, the amount of water added is reduced. The

dough obtained has a measured LOI of 32.87% and a pH of

10.2. Extrusion, drying and calcination is carried out
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5 The dough obtai ned has a neasured LO of 32.81% and
a pH of 10.3. The dough is extruded with a 2.25 inch

Bonnot Conpany, 1520 Corporate Wods Pkwy.,

Uni ont own, GChio 44685, USA) wusing a 2.5 mmtril obe
die plate and a 1.5 mmcylinder 10 die plate. The
extrudates are dried at 120C for 1 hour followed by
calcination in a rotary oven at a product tenperature
of 550C for 2 hours. The sufPPace area of the final
extrudate is 88 n2/g. The pore volune is 0.326 nl/g.
Their ddicalsape usty s éogtixanple e f Thal raddedudos: 15

Was g heds usidgihhe e%it%ﬂé@féj Ja%sheﬁﬁmduég the
D6175- 98. Results are shown in Table 1 bel ow. anpl e

2 (chmrtst foet meARprASTThEohl oc¥dur Beil tex aRpl Ehorn 4n
repeabed iexeept. that the zirconia powder used in
Exanple 1 is replaced by a 20 m xture of 80% Dai i chi
HC- tRQ&nsired 32(D%m;faratzire cxaimalppwder having the

t radena SEPR heiall ' I

Soci et en%u 5%%%nue des o &lgtjgl %éﬁ?é%éac?r%gg?g{g@at
M r bhe ezl rcb8 i Rueowdea Qa@t lngﬂaﬁm)lec@uribemﬂléce@r@m@e) :

SEF’BiJzRﬂé oFOBH I 1S 1 981 3oMi Y2204 efokagenal,;zipgoni a

and % nonoclinic zirconia (as anal ysed by X-ray
di f PPE@ey SVaviBe ngha FeadanmnexSERY BAdidf (paciseshin Example

I nsbunept aadrthe a%amsvé%%t tsilmgﬁalaszodes@ rﬂl‘kée@xtj:lﬁlslon
Exanple 1 abovg%?and has of 24.4% I1n order

ach|d89%h £5itm PRl oftki%é‘m&%‘?*flféq 8ﬁt%ulg€hr§ YT 30
ExampkeddygH betammainthasfa waiaenradded bs 3edvcednd TheH

dou bt ai d has a neasure 2. 87%
%%08 2 élxt%rrﬁgl%nrf ARG % q‘c néalt%a i on sgégcr{rl ‘ed
out 1%&2@054#11@65@@2as3®ﬂ:592@®4l30500%6 ra@®l joprushe

San%t\ﬁ@%{?ﬂ? offthgxfgﬂmllee;ltrum%er@Qé @rleagﬁy&i] us%@eagg h

f the nal extrudate was neasured usi nf
st arfdapdax@ EshePHatPdASTIN DPL75-98: Resufts a&@esgﬁwn

iN Table 1 below.

Example 4 (Comparative Example)

The procedure of Example 1 is repeated except that
the zirconia powder used in Example 1 is replaced by the
zirconia powder SEPR HC 15 (as used in Example 2). 1In
order to achieve a similar LOI of the extrusion dough as
in Example 1, the amount of water added is reduced. The
dough obtained has a measured LOI of 31.89% and a pH of
9.8. Extrusion, drying and calcination is carried out in
the same way as for Example 1. The radial crush strength
of the final extrudate was measured using the standard

test method ASTM D6175-98. Results are shown in Table 1

below.

Example 5 (Comparative Example)
The procedure of Example 1 is repeated except that

the zirconia powder used in Example 1 is replaced by the
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Table 1 below. 5 Exanple 3 (Conparative Exanple) The
procedure of Exanple 1 is repeated except that the

m xture of 50% Daiichi RC-100 and 50% of a zirconia
powder having the tradenane SEPR HCO 5 (as used in
Exanple 10 2). In order to achieve a simlar LO of
the extrusion dough as in Exanple 1, the anount of
water is reduced. The dough obtained has a neasured
LO of 31.89% and a pH of 8*8. Extrusion, drying and
calcination is carried out in the same way as for
Exafptenia gpderadEBR RS dsh (a5 usedehytiragpPlend fibigh

ext hausl R nas1 slrauked JoSicnge e aaaﬁr&jj@crod th@séxﬂf%tstﬂgg
ASTM D6175 98. Results are shown in bel ow.

Ta
Exafipfe 47 F@Wa?f’@%l%?aﬁﬁl%)ml'f‘ﬁﬁrf)r%fcé:&ﬁri‘ég%‘?al
Ex\al:dltrm £3%) gﬁdﬁﬁiﬁﬁﬁﬂ&ﬁh@xﬂep% tih&tcongé) ddeanzl yeoniny x-
powder in S ce zirconia
powtaY ﬁ%ﬁa%%a}ng é‘& S%m%xér?ﬁp’eg%gralcﬁlo%r der to
achmsﬁeamestnmhcarset;angﬁ ashde gxtifogdi bm Bleagheas akdave)
h t,of t d_L;s; Jgdyc
dougﬁ qbt alak anﬁ%‘%“@ 29! Wi SL?_%‘ng aéﬁ dedUcE 112'19

ned has a neasured 89% an
of RBI P18 thExPFUSfiséﬁn @?%’hngsairfd Exampliqdti Ghei %mount of

car {;hed- QelaehiNis tﬂ%%iuéé&im Way é&thOBbEa(ﬁ‘HH @ad. 2 The
radi al crush stren% of the final extrudate vvas

meaBBrEtr s FAY the st ahdiidda PRstt fefhotrtASPRPD, drying
D6145d %a1dRasul 4:8 iar eashisan ol ikahhe damdala@Was 3fbr
EXARRPEIE 'S 1 Dpeatoa bavn £ SHE: TSGR . powder
usedxtrudatanrphee Indasurepleted bye tstenWOr@ 0E4L06500R1
(as Haad i oA apl S8 e AL BoAREi'cRad B
400G, hefor & qeEhMQ vt hgemptibySi on
The procedure of Example 1 is repeated except that
the zirconia powder used in Example 1 is replaced by a
zirconia powder, MEL XZO 880/1 (commercially available
from MEL Chemicals, Clifton Junction, P.O.Box 6, Swinton,
M27 8LS, Manchester, UK). This powder consists of 100%
tetragonal zirconia as analysed by X-ray diffraction
(using the same X-ray diffraction instrument and settings
as described in Example 1 above) and has a LOI of 1.9%.
In order to achieve a similar LOI of the extrusion dough
as in Example 1, the amount of water added is reduced.
The dough obtained has a measured LOI of 48.5% and a pH
of 9.3. Extrusion, drying and calcination is carried out
in the same way as for BExample 1 (except that only a 2.5
mm cylinder die plate was used). The radial crush
strength of the final extrudate is measured using the
standard test method ASTM D6175-98. Results are shown in
Table 1 below.
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1! monoclinic zirconia (e.g. 92.09%) have a significantly
higher crush strength than those which have been prepared
using tetragonal zirconia or a mixture of monoclinic and

tetragonal zirconia.

10 Example 7 (Calcined zirconia extrudate prepared without
the addition or acid or base)

264 grams of zirconium oxide powder having the
tradename DAIICHI RC-100

LOI of 5.3%

(as used in Example 1) with a
are mixed with 90 grams of a 5%w polyvinyl
alcohol solution in water
18-88).
kneader type LUK 0.5 supplied by Werner & Pfleiderer,

2.5 grams of SUPERFLOC

15 (having the tradename MOWIOL

This mixture is kneaded in a Sigma (Z-blade)
Stuttgart, Germany for 2 minutes.
N100 is added to the mixture and mixing is continued for
8 grams of water is then added to the mixture
The dough thus

20 5 minutes.
and mixing is continued for 30 minutes.

obtained has a measured LOI of 31.5% and a pH of 8.4.
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3(Conparative) 46.9 32 25 4(Conparative) 1.7 < 20 <
20 5(Conparative) 1.7 < 20 < 20 6(Conparative) 0 20
N cm Not neasured The data provided in Table 1
clearly denonstrates that cal cined zirconia
extrudates that have been prepared 5 using zirconia
powder which consists essentfally of nonoclinic
zirconia (e.g. 92.09% have a significantly higher
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base in the preparation of the extrudate can be avoided.

Example 8 (Calcined cobalt-impregnated zirconia
extrudate)

The procedure of Example 'l is repeated except that
dough is extruded using a 1.0 mm trilobe die plate. The
extrudates are dried at 120°C for 1 hour followed by
calcinations in a rotary oven at a product temperature of
550°C for 2 hours. This procedure was repeated and the
two products were mixed. The final product has a surface
area of 60.5 m2/g as measured by a nitrogen adsorption
BET method described in J. Amer. Chem. Soc., 60 (1938)
309, a pore volume of 0.352 ml/g as measured by the
mercury intrusion method described in H.L. Ritter and
L.C. Drake, In. Eng. Chem., Anal. Ed., 17 (19245) 782 and
a radial crush strength of 154 N/cm as measured by the
same test method as is used in Example 1.

10250 grams of the resulting extrudate is heated to
60C and impregnated with 6938 grams of a molten cobalt
nitrate solution having a temperature of 60°C for a

period of 2 minutes during which the average temperature
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trilobe die plate. The extrudates are dried at 120C
for 1 hour followed by calcinations in a stationary
oven at a 5 product tenperature of 550C for 2 hours.
The pore volunme of the finished extrudates is 0.312
m/g and the surface area is 55 n2/g. The radi al
crush strength of the finidhed extrudates is 233

N cm This exanple denonstrates that it is not
necessdey inpregetany dnans Baserowrd pH° ¢ he Tpreparzsgnehed
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repeated.aRdyathe ;4 Yi@ecﬁ)rlqplﬂ&gﬁpi/@rle m xed. The final

product has a surface area of 60.5 nR/g as neasured

by axsdrogencadseknt E&tu1BER (E@:Ia‘l@,dzdﬁ&ﬁﬁlabégtiiua},e)
Aner. Chem _Soc 309, ore.volu
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acid and 2802 gram water. This mixture is kneaded for 36
minutes in a SIMPSON mix muller. Then 505 gram of
SUPERFLOC N100 is added and mixing is continued for
another 5 minutes. The dough thus obtained has a
measured LOI of 31.8% and the pH is 7.8. This dough is
extruded using a 2.25 inch BONNOT extruder using a 1.0 mm
trilobe die plate. The extrudates are dried at 120°C for
4 hours followed by calcination in a stationary oven at a
product temperature of 550°C for 1 hour. This procedure
is repeated and the two products are mixed. The final

product has a strength of 113 N/cm.

Example 10

The extrudates prepared according to Examples 8 and
9 are converted into active Fischer-Tropsch catalysts by
reduction, and subsequently subjected to Fischer-Tropsch

reaction conditions as follows.
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period of 2 mnutes during which the average
t enperature WO 2004/ 065002 PCT/ EP2004/ 050034 - 27 of

extrudates are dried at 120C and calcined in a rotary
furnace at a product tenperature of 445C. The fi nal
extrudates have a cobalt content of 11.45% by wei ght
(as 5 neasured by X-ray fluorescence), a surface area
of 48 nR/g (as neasured by a nitrogen adsorption BET
met hod described in J. Amer® Chem Soc., 60 (1938)
309) and a radial crush strength of 188 N cm as
measur ed® By-cepel wanseagtost captdigdngsthe ardedyeh
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trilobe die plate. The extrudates edrled at _120C
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|d§§cz§rk§%|?1d &%& 533 fpemeeg@glmt Bapeidiee
F| sc er-Trop sch cat al ysts
(1nclud1ng voids between the particles) per hour; the

selectivity to hydrocarbons containing 5 or more carbon
atoms (C5+ selectivity), expressed as %wt of the total
hydrocarbon product; the selectivity to hydrocarbons
containing 11-14 carbon atoms (Cl1-Cl4 selectivity),
expressed in %wt of the total hydrocarbons product: and
the selectivity to hydrocarbons containing 15-20 carbon
atoms (C15-C20 selectivity), expressed in %wt of the
total hydrocarbons product, were determined after 40
hours of operation. The results are set out in Table 2

below.
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reduction, and subsequently subjected to
Fi scher-Tropsch reaction conditions as follows. WO

reactor containing the catalyst particles in the form
of a fixed bed are heated to a tenperature of 280C
and pressurized with a continuous flow of nitrogen
gas to a pressure of 1 bar abs. The 5 catalyst is
reduced in-situ for 24 hours with a mxture of

ni trogen and hydrogen gas.” [Bdrfng reduction the
relati ve anount of hydrogen in the mxture is
gradual |y increased front@4et2s 100%. The water
concentration of the off-gas is kept bhel ow 3000 ppnw
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expressed in % of the total hydrocarbons product;
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carbon atons (CI5 selectivity), expressed in %u
of tIRdZR5CARIYSERYRIFPREELB ARCOFAGEACES ther BTRRANSr mi ned
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|0 Table, 2 below, 0 20041 053002 FCT EP2004/ 050034 -

Example 11

In the following example the catalyst prepared in
accordance with Example 8 above is compared with two
other catalysts (Catalysts A and B) having different
chemical compositions and different preparation methods.
Catalyst A is a cobalt catalyst on a silica support

- having zirconia as a promoter element and is prepared

according to Example 11 of EP-A-428223. Catalyst B is a
cobalt catalyst on a titania support having manganese as
a promoter element prepared in accordance with the
general methods as described in W099/34917 using 110.5g
of titania powder (having the tradename P25 commercially
available from Degussa), 51.4g of a commercially
available co-precipitated MnCo (OH)x with a Mn/Co ratio
(3atom/atom) of 5.6. This mixture is compacted by
kneading for 30 minutes. The mixture is shaped using a

Bonnot extruder. The extrudates (1.7 mm trilobe) are



Table 2: Catal yst of Catalyst of Exanple 8 Exanple 9
Tenperature, C 231 227 Pressure, bar abs. 51 52
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selectivity, ow 88 87 CI-Cl4 selectivity, % 9 9
C15-C20 selectivity, %v 13 13 The results set out in
Tabl e 2 denonstrate that the Co/Zr catal ysts prepared
according to the present 5 invention can be
successfully used as catalysts in the Fischer-Tropsch
synt hesi s of hydrocarbons~” 3'éaxém'pl e 11 In the foll ow ng
exanpl e the catal yst epared in_ accordance Wth
Ex&¥ped B dPve Fer @oE‘ﬁHF%cP’W ERLERES 20 wtthér for 2
catrahyst s ffeat-abist sAeabtuB)cBavomaidi bberentco, 1 wes
chem cal conposi t| ons and different preparation
metHod8d CatlalvétT¥®49s a cobalt catalyst on a silica
supportThélaahﬂe:g Zatﬁ@ﬁslta ase opkenbicerinebeaenitveand i S
prepar ccor le 11 of EP- A- 428223,
Cat als E?r P s§ 1% caolﬁ'slgxabgtréaldﬁg Gh A ﬁl ani'g "oy @s
supqanrtﬂxhlawlmqmahgmese as a pronoter el enment

prepare 0 t eeralk ;s ppthods as
descri bg ggﬂgnlgeed% us?rﬁgbc%og aﬁof titani a
povmirro@hawrrfg ishe2 ¥ ¥ ede ARAEPPABLE | & pyxture of

aval ) allenf £RNIRBYS SnoxBde 43 Qf na/ComRREGI &f 11,120,

avall abl’e co-precipitated MCo O—I)x Wlthal\/h/ ratio

(et mCHE S Hist T35 1Phi FSTRESRWEE | SRATSAC 2

knegagti grg cHosv 3ol el e&mp%etxm'@gt, uaﬁxi i tthes papeshesiang a

Bonnot extr der E xt 7 mm trilgb re

T

VO Z0 458500 BCTAERIOGH! lthE e e vied frsd,
expressed as grams hydrocarbon product per liter catalyst
particles ({(including voids between the particles) per
hour; the selectivity to hydrocarbons containing 5 or
more carbon atoms (C5+ selectivity), expressed as %wt of
the total hydrocarbon product; the selectivity to
hydrocarbons containing 11~14 carbon atoms (C11-Cl4
selectivity), expressed in %wt of the total hydrocarbons
product; and the olefinicity of the Cl1-Cl4 hydrocarbon
product, expressed in %wt of the Cl1-Cl1l4 hydrocarbon

product, were determined after 120 hours of operation.

The results are set out in Table 3 below.



dried at 120C for 2 hours and cal cined at 550C for 2

hours. The resulting extrudates contain 20 wt% Co, 1
wowems/obfeoand 71.1 wt % Ti Q2. The three cat al yst BCHEPR2004/050034

converted into active 5 Fischer-Tropsch catal ysts by

reduction in the sane way as for Exanple 10 above.

Foll owi ng the reduction, the preparation of

hydrocarbons is carried out by introducing a mxture

of hydrogen and carbon nonoxide at a H2/CO rati o of

1.1:1. 10 The GHSV, the reaétion tenperature

(expressed as the weighted average bed tenperature),

and the pressure are setTad€oPding to Table 3. The

space tine yreld (cét?{iyst PO L35€0naS BEAB yst B

hydr ocar bon prodyct per ||ter catal yst articles
(i pcl udi ng voi ds |9&t f8eh | heeParefties) ¢ %éﬂpafsth\’ﬁ}r
t hensaleekeyl ty ffo hydrocharbonsicontai hing 110r nofe
cal botiat ons (C5+4 selectiVvity), expressed as %u of
t heuénial bydemcdr boniprofuct ;1sthe sel pctiwsty to
hyfdepcagdaons cont|ai ni ng 11-14 carbon atons (Cll-Cl4
sel ggéjiMivtly), expgressed in % of the total
hy jmaq&rﬂmnsezm gr oduzel and tdza ol efi pi ci ta220f the
d P\,u ) d. pearBon—prottct—expresset—n—Y ne
Cl1 f‘fﬁs rocarbon prodiict, Wwere det =rm' ned af ter
126 S of —eperation Fhe—t Hs—a 1
Tab{e> 3 helow  wig 20047 885002 PCT/ EP20p4/ o?&%’? 51
Tal tystCatgbyst—A Gatalyst
(Cormara |ve§Jl Comparativ=) H?2/ CO f eed 1 1 1.1 1.1
rat €6+ Hel i um contlent 8% 1% 15 7f feed|gas/81 W]

selectivity, %w

.n.

Cl1-Cl14 i1.6 9.3 9.2
selectivity, %w

Olefinicity 31 19 19
Cll-Cl4, 3w

C20-C39 alpha 0.91 0.93 0.94

The results of Table 3 demonstrate that the catalyst

of Example 8, prepared in accordance with the present
5 invention, gives a significantly improved Cl11-Cl4 olefin
yield compared with cobalt catalysts based on other types

of supports (such as silica and titania) and prepared

using different metheds.

Example 12 Use of a calcined solid acid zirconia catalyst
10 | in the reaction of hydrogen sulfide with 2-methyl-1-
pentene to the corresponding mercaptan and subsequently
to the corresponding thioether.

A zirconia extrudate is prepared using the method
described in Example 7 except that a 1 mm trilobe die
15 plate is used. The drying and calcinations are the same
as described in Example 7. The surface area of the
extrudates is measured to be 57.7 m2 per gram using the

BET surface area method described above. The skeletal
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9.2 selectivity,%v Aefinicity 31 19 19 dI-Cl4, %w
FC20-C39 al pha 0.91 0.93 0.94 The results of Table 3
denonstrate that the catal yst of Exanple 8, prepared
in accordance with the present 5 invention, gives a
significantly inproved Cl11-Cl4 olefin yleld conpar ed
with cobalt catalysts based3&m ot her types of
supports (such as silica and titania) and prepared
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zirconia nmeasures 5.41 m and the bulk density

meadfiFes ?PckslﬁpiﬁgnaﬁFon1qﬁ§pp5P% S7GitgfRtes are dried in

vacuo by raising the temperature to 150°C by using a
silicone oil bath. The sulfate content of the zirconia
extrudates is determined by extraction of the extrudates
with acetic acid having a pH of 2. The sulfate content
of the extract is determined by titration with sodium
hydroxide. The content of sulphuric acid of the dried
extrudates is determined to be 7.7wt%. After
calcinations for 2 hours at 450°C the sulfate content
drops to 3.4 wts%.

The prepared calcined solid acid catalyst is
employed in the reaction of hydrogen sulfide with 2-
methyl-l-pentene to the corresponding mercaptan and
subsequently to the corresponding thioether. A
cylindrical reactor of diameter 4 cm is filled with the
catalyst. The height of the catalyst bed is about 10 cm.
A flow of 12.5 NI per hour of nitrogen containing 500
ppmv of hydrogen sulfide is passed upwards through the
catalyst bed together with a flow of 9 ml per minute of a
liguid containing mostly aromatic hydrocarbons such as
that commercially available from Shell under the
tradename SHELLSOL A 100. The conversion of the hydrogen
sulfide at ambient temperature varies from 80 to 90%.

The conversion remains at the same level for a period of



measures 0.316 m/g. The noisture content of the
extrudates is determ ned by keeping the extrudates at

wW®200806500Dr 2 hours. The drop in weight by thePCTIEP2084/050034
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treatnment anmounts to 1.03% 244g of the extrudates are
evacuat ed and subsequently inpregnated with sul phuric
acid. 300 m of 1M sulphuric acid is inpregnated into
the evacuated zirconia extrudates in four steps of 75
m. 10 After each inpregnation step the extrudates are
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cal piaed. solid acid catal yst i s enpl oyed in the
react | ol sNAIAGCHNSY! fHade HL UL Rond t&@ruaapgytoe{le
to the correspo g nercaptan an sequent

t hetb@r@@m@ﬁdim‘gertthp@ewérbltAeX%%Mheﬁar%}eﬁh rséa%lt%trh of

di agphief & eithis1d 'flolregséMa{s chbg Zh Cat abushysfhe
hei ght of the catal yst bed is about. 10 cm fl ow of

12. SURPOHET 1Rodirvicte ARRID N CBERt A INPRYCETES -ppny of
hydrogen sulfide is passed upwards through the

catal yst bed together with a flow of 9 m per mnute
of a liquid containing nostly aromatic hydrocarbons
such as 30 that commercially avail abl e from Shel

under the tradenane SHELLSCL A 100. The conversion of
the hydrogen sulfide at anbient tenperature varies
from80 to 90% The conversion remains at the sane

| evel for a period of WO 2004/ 065002 PCT/ EP2004/ 050034
- 33
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nore than one nonth. The fact that the conversion did
not reach 100%is due to the inefficient transfer of

W ba4/068polr ogen sul fide fromthe gas phase to tPEI/EPZH04/a50034

flow In addition to the reaction of the iso-pentene
with 5 hydrogen sulfide, formation of oligoners also
takes place. The Exanples show that the zirconia
extrudates of the present invention exhibit excellent
crush strength and are suitable for use as catal ysts
or catalyst 10 supports in-aza-de range of chem ca
processes. WO 2004/ 065002 PCT/ EP2004/ 050034 - 34 CL
Al MS 1. A process for preparing a calcined zirconia
extrudate conprising the IstRepsMo$: a. preparing a
shapabl e dough which conprises m xing and kneading a
particulate zirconia with a solvent 5 to obtain a

i xt ér préeeAsndgon prralrisgld dnleconeemircohid ranr8085¢ o

8R06:0%: WeT gl stBps &d:r udi ng the shapabl e dough to form
a zirconia extrudate, and c. drying and calcining the

Zi r céni a R5ARAGART e ShEPRRe A0ughi WakFh forpgtsasheizing

particul aimy Znee@MA aCQHEfiéiﬁ%tﬁoz:LfHUnQat fadh Bo%byent
wei ght of zirconia which is other than_ nopoclinic

zi rconi a. ¥2 OPA2PP G SESTEET RVepar 7 P @ e8P i Hegontent
cobal t/ zi 6 £ rioa 5@xnku6a%amp®nnghs;ng the steps of: 15

d. p&@parlqg:%'sha ablﬁaP%%% am ﬁhugqggrlsegug%éagg

and kneadlng a pgr icu & zi rconia and a ¢o
precur sorexitudagesodnent to obtain a m xture having a

SO|IQ§ CO&{??H@ QEdfééEPlﬁQﬁEtéheSQ?@EBhi%E%QEEudé%e,

extrudin e shapabl e dough to forma
2$?¥ﬁﬂﬂeégé%ﬁnﬂq té§¥rqnfapért%ﬁﬂiate 21rcon1a comprlses no

more than 15% by weight of zirconia which is other than
monoclinic zirconia.

2. A process for preparing a calcined cobalt/zirconia
extrudate comprising the steps of:

d. preparing a shapable dough which comprises mixing
and kneading a particulate zirconia and a cobalt
precursor with a solvent to obtain a mixture having
a solids content of from 50% to 85% by weight,

e. extruding the shapable dough to form a
zirconia/cobalt extrudate, and

f. drying and calcining the zirconia/cobalt extrudate;

characterized in that the particulate zirconia comprises no
more than 15% by weight of zirconia which is other than
monoclinic zirconia.

3. A process according to Claim 2 wherein the cobalt
precursor is selected from cobalt hydroxide, cobalt acetate,

cobalt nitrate, cobalt oxide and mixtures thereof.
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f. drying and cal cining the zirconial/cobalt extrudate,
characterized in that the particulate zirconia

which is other than nonoclinic zirconia. 25 3. A
process according to Caim2 wherein the cobalt
precursor is selected fromcobalt hydroxi de, cobalt
acetate, cobalt nitrate, cobalt oxide and m xtures

t hereof . WD 2004/ 065002 PCT/ EP2004/ 050034 - 35 4. A
process according to any of 3l ainms 1 to 3 wherein the
particul ate zirconia conprises no nore than 10% by

wei §ht Jf PEPFedhiaEoRRiEld it® aPnerf ChRabmfondel Bnilerein

Zi r €p8iphrtichlath GAkebRLH hpeOM A n%xﬁéﬂgacth%npiﬁéjq{yed
accor d%‘btgff the process of Claiml )

cal ¥Fh o 56‘?1?0&718085}@ et Pt éhﬁfle‘ﬁ%‘r%maﬁcor di ng

to tzhﬁcqﬁﬁ@cess of any of Clainms 2 to 4. 7. A process
for .prepar] al.cined co ated

Zi r 2oni ggex ‘a%ff ETRRPRH eé‘%‘ﬁ}‘lig% ptrng %%65005?1%“%?0
pr epaﬁlmgxazssha@maemdbu:gm dwhi ch conprises m xing and
kneadi n a vent .to

g e L T T e Thge

f r oRFEOUAINY 850Ny Pwerght ,othanexet Gdrigs theoshapabl e

dough t on fRGRE&s ZﬂJrC?E‘éﬁlarl%t augéatc%nee cddmregnat i ng
the zirconia extrudate with i quid cobalt precursor

to fBPREHt6HarEcda; %ﬁflé)@ﬁ*é?e‘ﬂllﬂhr EORPEL SRt Ehdatters
andod: drying and cal cining the cobalt-inpregnated
zirconi a extrudate; char actag)rl Z hat the

din i
particulte PFFednid Borpiabes ?ﬂ?hnﬂﬁ‘éc? HEAPE555 Dy
wei ght of zi né®ina anki Bheadsingt Agparticulate zirconia with

a solvent to obtain a mixture having a total

solids centent of from 50% to 85% by weight,

b. extruding the shapable dough to form a zirconia
extrudate,
c. impregnating the zirconia extrudate with a

liquid cobalt precursor to form a cobalt-
impregnated zirconia extrudate, and
d. drying and calcining the cobalt-impregnated
zirconia extrudate;
characterized in that the particulate zirconia comprises
no more than 15% by weight of zirconia which is other
than monoclinic zirconia.
8. A process according to Claim 7 wherein the liguid
cobalt precursor is selected from an agueous solution of
a cobalt salt selected from cobalt nitrate, cobalt
acetate, cobalt hydroxide, and mixtures thereof.
9. A calcined cobalt impregnated zirconia extrudate
prepared according to Claim 7 or 8.
10. Process for the preparation of higher olefins having

from 11 to 14 carbon atoms comprising contacting hydrogen

nore than 15% by wei ght of zi r cCBCI/BEP2004/050034



25 than nonoclinic zirconia. 8. A process according to
Claim7 wherein the liquid cobalt precursor is
w@edogosmwa2 f rom an aqueous sol ution of a cobal PCEHEP1004/050034
sel ected fromcobalt nitrate, cobalt acetate, cobalt
hydr oxi de, and m xtures thereof. 30 9. A cal cined
cobalt inpregnated zirconia extrudate prepared
according to Claim7 or 8. 10. Process for the
preparation of higher olefins having from 1l to 14
carbon atons conprising cont@cting hydrogen WO
2004/ 065002 PCT/ EP2004/ 050034 - 36 and carbon
moreoxd deriperd eonPk séh emnder opbydhereBeedseh reawidian ons in
theccf?l'ﬁ%%?.@r? ’1na%h9agglaés\é§1t:e, s %a@@iﬁ!ﬁﬂ'e@f a calcined

zirconi a/ cobalt extrudate according to Caim6 or a

cal Tinseaiabpialti ARFERALeBCR LA B SLPETRdGtYF 2
acco1iiRgd &BAtCidbfBdhated zirconia extrudate according

5 to Claim 9.



