WO 2004/ 065002 PCT/ EP2004/ 050034 - 1 Zirconia Extrudates Field of the

| nvention I resent invention relates to the preparati l_ci ned
zirconia é§p§3@§§§§2and their use as catal ysts or catalﬁg?%%EWﬁﬁE&)f 5
Background of the Invention Zirconia (or zirconiumdioxide) is a well-known
material which is known for use as a catalyst carrier or catalyst in

vari ous processes. The zirconia can betused in a variety of fornmed bodies
or shaped particles including spheres, 10 cylinders, rings (hollow
cylinders) and |l ess symmetrical shapes such as granules. Cylinders can be
prepared having a variety of cross-sectional shapes such as tril obes,
gquadr ul obes, stars and circul afircShhdpeEktziudatasa particles can be prepared
by a process 15 of particle enlargenent, starting fromzirconia powder. A
nunber of nmethods can be used to achieve particle enlargenent, including
pressure colpsct iodnthaghylvemsiati on and spray nethods. Such nethods are

described ‘in Pergy' ﬁ?gyi %ﬂgi d H 1! Internationa
20 Editions (19_&3‘% Pgé 0 d’?q%ﬁ 4 9[}%?&%%%%5% g?%?re%%g%\éne 0(;forrpacti on is
parti cul ar | §aktiinegdbker¢enishextngdatesf anattdleyjst vsgiarceathl sstearrresult in
strong partigles,st PResfi€ conmpaction can be carried out in a variety of

ways including extrusion (where a shapable m xture is extruded 25 through
an ext r utler Bagfanuensd of tHea taueREie die plate to give a cylindrical-type

particle), roll-fressifngds esubdhing dhbxlBSS isYIRINLGabwn ARYLZf shaped
particles) or, tableting whi ch produces particles of a very well defined
shape). WO 205Ar 065602V PCEFEEBSD0Y (56083LYF COREET Gneataid dRaped

Q&rti(ﬂ es aier La¥BibYesddd The zirconia can be used in a variety of

lA

formed bodies or shaped particles including spheres,

10 cylinders, rings (hollow cylinders) and less symmetrical
shapes such as granules. Cylinders can be prepared having a
variety of cross-sectional shapes such as trilobes,
guadrulobes, stars and circular.

Shaped zirconia particles can be prepared by a process

15 of particle enlargement, starting from zirconia powder. & °
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

20 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 compacticn can be carried out in a variety of ways
including extrusion (where a shapable mixture is extruded

25 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 <characteristics are especially inportant
in the caswiogo@sdal ysts. An extrusi on process is of t enPGFEPWI#/WIBVer a
tabl eti ng process since the production rate for extrusion is many orders of

magni t ude greater than for tableting. |In addition, tableting generally
results in | ower pore 10 volunmes which is often a limtation in catalytic
applications. Extrusion is also preferred over roll pressing because

extrusion produces particles having a nuch narrower particle size

di stribution. The conbination of a comfacting nmll and a granulating nmill
15 in a roll-press process results in a granular material which has a broad
particle size distri9Fgei 6, chhe sshaprpeepaiiniddsir abt commonhe dwiteal yst fiel d

since it enhancass tSREregatinia il &dacked-hed Ob.catalyst paffigl es. Thus
far it has not been possible to extrude 20 zirconia |i'ke other materials

such as al um nat9 tPCEEATERITHE! e eXtTHStBn RFPRENEPLE gi ve reasonably

strong carri er scid Rt egab€i dlaireNesgAta sl 0y i {§pdic@ht ihamaalasdal ity and
its acid gtnsd base ag];olgerti es, zirconia is an interesting carrier material.
It woul d t heTET0rEBe desirable to prepare a zirconia extrudate which
has sufficient strergt bxtoudieonobroveiisstisi after pReféanse.ovdkr gonia exi sts in
a nunber of cryggballelg.ne forns  depen on.t vai If’ ng conditions. Thus

under 30 conditrons of Jahbient fén%%%%gpﬁo%‘ﬁc %ﬁg‘reggﬁer & %% PEBMIS ®Texi st s as
a stabl e, nonocismanycrydess [dineagtiuciugeeatdinddanekdr emlptossures or at
2682?66;8329Lwﬁ%ﬁﬁbg@aﬁ!%&%gtg*le%e%?ﬂ 2G4 4 420G &1 Fconi a VO
10 volumes which is often a limitation in catalytic -
applications. Extrusion is also preferred over roll '
pressing because extrusion produces particles having a
much narrower particle size distribution. The
combination of a compacting mill and a granulating mill
15 in a roll-press process results in a granular material
which has a broad particle size distribution which is
often undesirable in the catalyst field since it enhances
segregation in a packed bed of catalyst particles.
Thus far it has not been possible to extrude
20 zirconia like other materials such as alumina in
conventional extrusion equipment to give reasonably
strong carriers after calcination. Due to its high T
thermal stability and its acid and base properties,
zirconia i1s an interesting carrier material. It would
25 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
30 conditions of ambient temperature and pressure zirconia
exists as a stable, monoclinic crystailine structure.

Under extreme pressures or at higher temperatures,

typically of the order of 450°C to 1000°C, zirconia



exists as a tetragonal crystalline structure. At even higher tenperatures,
typically in excess of 1500C, a cubic crystalline phase forns. For a
general di YOURLYYR02%f the properties of zirconia, referdfdéERRM4EABH 0 Kirk

5 & hmer "Encycl opedi a of Chem cal Technol ogy", Second Edition, Volunme 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 mulling a
m- xture of zirconia and/or a 10 zirconia precursor and a solvent, which

m xture has a solids content of from2Q to 60% by weight, and extruding
the m xture. EP-B-0, 716, 883 (BASF) discloses a nethod of preparing

catal ysts or caé)[iisecrssago sijteq:triar&g essent kgHrjynr%o%glFB nonocl inic zirconia. The
a u

met hod conpri ses preci pi i On Sof A Zrreon P afthoni® wherein a

zirconyl nitratiymr tefhpemturebl ofyrdeasol Uid @Rckss askdadoba ag  aqueous

ammoni a solution at a decreasin Hfrom14 to 6 and drying, calcination
and tabl eting a?‘éb’t?afrr?”é‘da]g'lﬁ“.e gbg%é(;oémare RS exampied ghoewsornt he

preparation of ofiuvteoprapexticsdartesirddbid; 6rd¥34:029 {BASE: € sal-ases a
process for the reparation of..a zirconiu j oxi d owder which is largely
nonocl i ni cg and %}?‘E Iphggc%c % regéas%%rfagé“lﬁéqegﬂe%%o%é EFEO‘?\ exanpl es

gi ven of the pregiariani, oobdme 2i2; cpages &%lrudai>®s. |t has now surprisingly

been found that 'si gdLhCandso AR QUEINT b Idig.extudale sirength is
observed if the zirconia Uséd to prepare the extrudate congists 30
essential ly of peswrslatabe of rac@hiracnIAOb2064 1635002t RETYER2064/ 050034 4

Summary of the Loyentd;ag ACCOLY B9niQ QRecASPECLARL L6 Rrgsent invention

( 10 zirconia precursor and a scolvent, which mixture has a
& solids content of from 20 to 60% by weight, and extruding
the mixture.

EP-B-0,716,883 (BASF) disclaoses a method of
preparing catalysts or carriers consisting essentially of

15 monoclinic zirconia. The methed comprises precipitation
of a zirconium salt with ammonia, wherein a zirconyl
nitrate or zirconyl chloride solution is added to an
agueous ammonia soluticon at a decreasing pH from 14 to 6
and drying, calcination and tableting are carried out.

20 There are no examples given of the preparation of
zirconia extrudates.

US-h-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.

25 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

30 essentially of monoclinic zirconia.



there is provided

conprising the steps of:
m xi ng andWion#8H0a3e02a particul ate zirconia with

m xture having a t

a process for preparing a calcined zirconia extrudate

otal solids content of from50%to 85% by weight,

extrudi ng the shapabl e dough to forma zirconia extrudate, and 10 c.

and cal cining the
zirconia conprises
t han nonoclinic zi
15 provided a calc
descri bed herein.

t he process of
strength conpared

and nmonoclinic Zif%ﬁhaemmtecmﬂl%&§g”9{@ sttfé

which is 25 tetrag

a sol venkCT/BP2B4/666034

a. preparing a shapabl e dough which conprises 5

b.

drying

zirconi a extrudate; characterized in that the particul ate
no nore than 15% by wei ght of zirconia which is other

rconia. According to the present invention there is also

i ned zirconia extrudatte prepared according to the process

The cal cined zirconia extrudates prepared according
h

to

have significantly inproved crush
Wint o 285 1% rt%OBh@ Hdgk esePLeRasRd sh,am pgiti cul ate
zirconia which conprises nore than 15% of zirconia which is other than
monocl i ni ¢ zi r CEM%E, 1FOPrRUAIHHI 8, PEIGIESNE AT VitiePRTERY & amlgdnre of tetragonal

g
onal zirconiia or zirconia E consi sts solely of

46% by wei ght of zirconia

tetragonal zirconia? Ebt%ﬁ$ﬁﬁlﬁﬁs%r$ﬁﬁﬁaﬁed#“ﬁﬁbwﬁhﬁéﬁFW@ﬁlﬁﬁkey feature of
the presemg invention ismiAidgly the kipaidingU £ tAchTHY & iGRBRLL SEIHNO NDr e

t han 15% by wei ght
Hence the particu
of zirconia which

nonoclinic zirconi a

10

30 of zirco

s ot her than; nonoclinjc zirconi a.

ate zi?cHHi"E" Ee?%v%td‘égs 2 foEtE8RL B H %S Gb5Pht i al  amount s

i s ot hesl itdsaroMBR004/ 66D EDPES EF2A04AKEI6RBA 5
b. SUC£&€¥% 1Ub|€hé”sﬂg%ggﬁ99{lugh to form a zirconia

extrudate, and

C. drying and calcining the zirconia extrudate;

characterized in that the particulate zirconia comprises

no more than 15% by weight of zirconia which is other

than monoclinic zirconia.

According to the present invention there is also

i5 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

20 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

]
wm

tetragonal zirconia or zircenia 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

30 of zirconia which is other than monoclinic zirconia.

Hence the particulate zircenia herein does not contain

substantial amounts of zirconia which is other than



zirconia. Preferably, the particulate zirconia should contain no nore than

about 10% i preferably no nore than about 5% by Laht, of
zirconia |%¥1%f‘@p'{"{%7t 5 nmonoclinic. X-ray diffraction caﬁ%@gﬁgg&’%@ a

method for determning the relative amobunts of tetragonal, nonoclinic and
cubic zirconia in a zirconia sanple, as described in R Jenkins and R L.
Snyder, Introduction to 10 X-ray powder diffractonetry (Chem cal analysis
Vol une 138), John Wley & Sons, New York (1996), |ISBN 0-471- 51339-3. An
exanpl e of a suitable particulate zirconja source for use herein is DAIICH
RC-100 which is comercially 15 avail able from DDK Daiichi Kigenso Kagaku

Kogyo Co. Ltd-1moﬁdéri%%cKQEPéJ}ﬂ?Eies@P%'skHub@%&a]@:égila's%%%%%’ Japan. The first

step in the present process Is preparation o apabl e dough
conprising m xi Agreaita -knBaeh sigpbibie P Pebietlates ptorimdadeberided above

with a 20 sol vepbnt £ nOPhbPOaLAddhE IV aDs L9 RALALD ﬁré’f‘ieﬁﬂw Jlaving a
total solids content of from50%to 85% by weight, preferab Froms5%to

80% by wei ght, RBFe thirefBPADIZP ¥ orFEBY t 8T 7503 ideiiginh. iasietsed herein
the term "sol vepbhodmans.any liquid 25 which is suitable for use in

prepari ng a shapabl e dougg. 1}M1en.m' xed gef,h the particul ate zirconia, and,
i f present, the cobalt?sr 8LhHEH RN s MtV BRtd Ay 2bBEHIRF Pt he suitabl e
sol vents knowndipetrigiagt thé orelexampl eyounat st w@iteahels ,such as 30

met hanol , et hanol anldicrplr ogggol 'biléetzoncec;s . such_as, %cetone; El dehydes, such as
propanal . and aFSR&THE & PUBNTE CsGERCOHE 18] Liehid OB 2 I RBPY ¥hd nost
conveni ently, tHhescdidegennh Rs dwatkéns €Opt iRobal Sio@yEre neit dakte homstcaci ds and

V{\D 2004/ 0?9002 gg;:réyg%%%%/roégpér%ctgmetry (Chemical analysis Volume
138), John Wiley & Sons, New York (1996}, ISBN 0-471-
51339-3. '
An example of a suitable particulate zirconia source
for use herein is DAIICHI RC-100 which is commercially
15 available from DDK Daiichi Kigenso Kagaku Kogyo Cé. 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
20 solvent, and optiocnal additives, to obtain a mixture
having a total soclids content of from 50% to 85% by
e 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
25 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
30 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. Optiocnal components such as acids and



bases may be added to the solvent to act as a peptization agent in the
preparation of an extrudabl e dough. The zirconium present as zirconia, in

t he zirconWD 2eat e prepared according to the present PCEEER#OM3H may
itself he used as the catalytically active conponent. |If desired, however,
the m xture to be nulled may al so conprise sources for one or nore other

el enments to be used as the catalytically active conponent instead of or in
addition to the zirconium optionally together with 10 one or nore pronoter
el ements. Accordingly, the m xture nmay corrprl se a source for one or nore

el ements selected fromGoups IB, IIB ®1TIB, I1VB, VB, VIB, VIIB, VIII or
the Periodic Table of Elenents, or the Lant hani des and Acti ni des. Preferred
catal ytical |y dasegemepnpporiddes & Chesseheerd] &feAtt 3 aGpempliadtilbnof t he

Periodic Table., e%QUEﬁeﬁhé)fpr% grPNich o¢l 8ctead LhaRld rhgn! Ut heni um  cobal t,
rhenium nickel, palladium platinum copper and zinc are especial ly

preferred. Cobalt, FPBNZEIRPIANBKEPresEnt HartitcOPaRt yithridrerieePEat al ytical |y

active el enent Sext&@dﬁtéhp%&bﬁ iy Apsto RRS Brestht TheeAt Xddire may al so
advant ageously conprise_a source for an elenent _in Group | VB of the

Periodi ¢ Tabl e, ™#hi*¢HeLf rfemtgds #11d- s €253 Y 8moY e7 St 1 %ien CRBP M- ar
titani um togetherdesitbg, I]'fowed'eSl I’tﬁda, maRt @k itiol baainu:smﬁ ﬁleyf@lchi rconi um 25

Optionally, binder material 8. be used in tobc,% f ﬁn of the zirconia
ext rudat es her ef HE St AB1E " bi ﬁﬁecr" S icAcl e S e, 8 B%d titania,

and the |ike. Udml seutbe @ftaﬂhemarﬂelyoacme ce:lr!@nfeans :frrsmmtlh@f 3G
af orenmenti oned gro g? %hg{réo 'JAE mn';ﬁ? UP& 3 h'eQ &D& sol vent .
uda“salts

Typi cal sources™inc erive gani exanpl e
acet at es, Lbenzoaner memawmm?ésrmnﬁm@pr on“aftC@g,dlhfalee“-él,e mextter)earrpl e WO -

2004/ 065002 PCI&EP%99$&Q§9Q§%ource for cne or more elements selected
from Groups IB, IIB, IIiB, IVB, VB, VIB, VIIB, VIII or

the Periodic Table of Elements, or the Lanthanides and
Actinides. Preferred catalytically active components are

15 the elements in Group VIII of the Periodic Table.

Sources ©of elements selected from iron, ruthenium,
cobalt, rhenium, nickel, palladium, platinum, copper and
zinc are especially preferred. Cobalt, iron and nickel
are particularly preferred catalytically active elements,

20 with cobalt being most preferred. The mixture may &lso
advantageously comprise a sdurce for an element in Group
IVB of the Periodic Table, which elements find use as o
promoters, in particular titanium, together with, if
desired, an additional source for zirconium.

25 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 cof the one or more elements froem the

30 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 propicnates; halides, for example



7 chlorides, brom des, iodides and fluorides; and other salts, for exanple
nitrates, %;ﬁ;ﬁﬁ qlg%droxi des, carbonates and chlorates. Sources insoluble
in the solVert 4 preferred. Hydroxi des have been f oundF ¢ YERRI04/450034
"particularly preferred. In a preferred enbodi nent of the present invention
the particulate zirconia is mxed with a cobalt precursor and solvent to
form a shapabl e dough which is then extruded to provide a cobalt catal yst
on a zirconia 10 carrier. Hence according to a further aspect of the

present invention there is provided a_p?o_cess for preparing a calcined
cobalt/zirconia conprising the steps of: a. preparing a shapabl e dough

whi ch compr i ses. 43, 0hal g, 304 koeading.a par ehaulale zLpgonia and a cobalt
precursor with a“solvent to 08 aina mxture havi ng "a sol i d$%cont ent of
from50%to 85y, wedylaxample exiimadieng adidleshamablosidesigh to forma 20

zi rconi a/ cobal togxbhudal €nPRA1Gratdsyi Ngo @ CAL CiNIHIG ED& 7l T coni a/ cobal t
' h i cul

extrudate; characterized in that the particulate zirconia conprises no nore
than 15% by weight'ept 2¥9 cu®itarydd-ch Hydrotistes Rave hmennbawrd itei Bezirconi a.
The present inventieg1isry heerprod des a calcined zirconial/cobalt extrudate
prepared by the process described herein. Suitable cobalt precursors for
use herein include I1B02a@hFieeRaT e BrRorinkhe PTISPESIBFANF10Bbal t oxi de

on the zirconigeSpapoltuafteer i caditianaki @k0 whibRla (ddRal €A L6
performance of the final product is not _i mpai red. Suitable cobalt
precursors inC|§RﬂasoBﬁ?n%”§9 form a shapable dough which is then

extruded to provide a cobalt catalyst on a zirconia
(" 10 carrier. Hence according to a further aspect ¢of the
present invention there is provided a process for
preparing a calcined cobalt/zirconia comprising the steps
of:

a. preparing a shapable dough which comprises

15 mixing and kneading a particulate zirconia and
a cobalt precursor with a scolvent to obtain a
mixture having a sclids content of from 50% to
85% by weight,

b. extruding the shapable dough to form a

20 zirconia/cobalt extrudate, and

C. drying and calcining the zirconia/cobalt

extrudate;
characterized in that the particulate zirconia comprises
nc more than 15% by weight of zirconia which is other

25 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

30 any cobalt precursor which leaves only cobalt oxide on

the zirconia suppert after calcination so that the
catalytic performance of the final preoduct is not

impaired. Suitable cobalt precursors include, but are



WO 2004/ 065002 PCT/ EP2004/050034 - 8 not |limted to, cobalt hydroxide,
cobalt acetate, cobalt nitrate, cobalt oxide and m xtures thereof. A

parti cul arWO 2pi4éfbst0zed cobalt precursor for use herei n | PCTEAIH05HY3dr OXi de.
51t is preferred to include in the mxture a basic conponent to act as a
peptizing agent for the preparation of an extrudabl e dough of zirconia. The
basi ¢ conmpound is preferably ammonia, an anmoni a-rel easi ng conpound, an
anmoni um conpound or an organi ¢ am ne. Such basic 10 conpounds are renoved
upon calcination and are not retained in the extrudates to inpair the
catalytic performance of the final protuct. The basic conpound is nost
preferably an amoni um conpound. A nost suitable ammoni um conpound is
amoni a. 15 Thaohnbumitedf thastapaddnppdnrkidnel coed ti pcetetar xbbakt shoul d be

sufficient to peptize téaeaﬂr&qrae aﬂa%%hr 9 tﬂehr% ?yxggt e The amount of

basi ¢ conmpound present in the mxture can e rea m ned by
measuring the pRrbicvkardynPxeineedpuphald puRrirapt Aernise lreeeshois d 20
preferably havecgapH HydbReqs ange of from8.0 to 11.5, preferably from9.0
to 11.0. For the preparation of a co-nulled zirconial/cobalt shapable dough,
it is preferred to ThcifuBESFerack tRi kitvele 4R H9 QiEbhpde®asts act as a

pepti zi ng agentcomfmeera&ltd 26t copoYBeti £ingr eferaloy anel ;marakaachd conpound
or an organic aC|d co Eg Such aci d congounds are renoved upon

cal ci nation and*af® ?ﬁﬁ F I nOF et EXPr fdat 8BS Pﬁl?ﬁﬁﬁpP“Pﬂe catal ytic
per f or mance Oflbhﬁréfdﬁﬂblpr@mhmﬁLa, Anpumﬁae&aeﬁblaayahqlc@mpdinaoramse herein

is nitric acid. A nost su organi c_aci d i%H%%t ic acid. To |nprove

the fl ux propefTFgglu?‘¥ﬂ@° %fﬂ?@ndUF Hg < 8Rt7Usi ®Yt¥%ce active agent .

or pol yeli@ct r olcptpowmys are removed upon calcination and are not
retained in the extrudates to impair the catalytic {
performance of the final product. The basic compound is
most preferably an ammonium compound. A most suitable
ammonium compound is ammonia.

15 The amount of basic compound included in the mixture
should be sufficient to peptize the zirconia 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

20 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 R
shapable dough, it is preferred to include in the mixture
an acid component to act as a peptizing agent. The acid

25 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.

30 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



"be added to the m xture. The addition of the surface WO 2004/ 065002
PCT/EP2004Q&§%§§% ,? active agent results in a snoother extrudate texture
‘and facil'ta ®WW%ing of the extruded product. Further PCT/ER®OO/B39834 i on of
m cropores in the calcined catalytic material nmay be inproved which may
enhance catalytic 5 properties of the products. Suitable surface active
agents include cationic surface active agents, for exanple, fatty am nes,
guat er nary anmoni um conmpounds, ali phatic nonocarboxylic acids, ethoxylated
al kyl am nes, polyvinyl pyridine, sul_pgoxonium sulphonium phosphonium 10
and i odoni um conpounds; anionic surface active agents, for exanple,

alkyl ated aro i 0 | i nonocar boxylj ¢ acids, fatty acids,
sul phonat ed a?ggn%%ivg g@%r#:np%%ﬁ g‘?y%ncoh%rf‘oosﬁjleﬁh% teésl“l,‘:{agfeh F*A1%€oRBE sul phat es,
sul phat ed fats fantlotkseamptphospiforrhe extimhdsdl psqduand 1Buirtdreri, oni ¢ surface

active agents. &y 2xaupls Bel xelineene 1alddl BOENGLS ool ygxyet hyl ene

al cohol s, pol yoxyethylene al kyl am des, polyols, polyviny cohol and
acetylenic gl yeieFiatheakmsuatPofvesiurhace maot eykarapesetabyttypical ly  from

0.5 to 8%y wehdpertReel s aBbYpfddd . t 05 5%:BYe %ﬂﬁic_ghscw%s_ed on the
wei ght of zirconia and/or zirconia precursor present in the m xture. The

surface active 2¥JEFt 1hedrdse cabiRY CafURRSCS tRgGevofaasmé s &g prior to

extrusion. In pidigiiRl fattdy afiposSigahee @ GO0RRLAS Y@ odBosonent s of the
m xture in any order. However, it has been found advantageous to prepare

the nixture in $HEEIFIBUKG REhner 2atdthetherytatedselkvhemigeur e

conpri ses zircopbiavanglapmaldiast , sudpheRoaien,f stsphdied phegaidetn | f the
mxture is, to in ﬁa.basi C con%)ound 30 it ?as been found advantageous to

d )
ddd the b Lic C%C gl? oI PPRBOUNR/e AP BRE DY EREF AR RgPIHY Ssol vent to the

for example, alkylated aromatic compounds, acyclic
monocarboxylic acids, fatty acids, sulphonated aromatic
compounds, alcohol sulphates, ether alcohol sulphates,
sulphated fats and oils and phosphonic acid salts; and

15 non-ionic surface active agents, for example polyethylene
alkylphencls, polyoxyethylene alcchols, polyoxyethylene
alkylamides, polyols, polyvinyl alccohol and acetylenic
glycols. The amount of surface active agent is typically
from 0.5 to 8% by weight, preferably from 1 to 5% by

20 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

25 components of the mixture in any order. Howeéver, it has
been found advantageous to prepare the mixture in the
following manner. At the very least, the mizture
comprises zirconia and a solvent, which are first mixed
together. If the mixture is to include a basic compound,

30 it has been found advantageous to add the basic compound
to the solvent before introducing the solvent to the
particulate zirconia. If desired, a scurce of one or

more elements in the aforementioned groups of the



particulate zirconia. If desired, a .source of one or nore elenents in the
af orenenti oned groups of the WO 2004/ 065002 PCT/ EP2004/ 050034 10 Peri odic
Tabl e may B addeeho0As di scussed herein, a preferred el eremErPe®4ips0al t. In
the case of a co-nulled zirconial/cobalt extrudate the particulate zirconia
and cobalt precursor are m xed together followed by addition 5 of sol vent
and, if present, acid. A surface active agent, if desired, nmay be added at
any time during mxing, preferably towards the end of m xing. Typically,
the mxture is mxed by mulling for a period of from10 to 120 m nutes,
preferably from15 to 10 90 minutes. Ddfing the mulling process energy is
introduced into the mxture by the nulling apparatus. A Sinpson M xer

Mil | er, Type LEetivdisedabbt Mefebmaddesy P ctiesyssedmnnedial &y avail abl e

from Si npson TegholQges1efdditPeLats L . 751y Shar ehikbes Prd Ve . iy a,
[1linois 60504, 15 USA. tionall an AQUSTI N kneader commercially

. . Y, v . !
avai | abl e from ELZ9&Y FR BHCREFF IR bR dRA Priead R t B BEON 1763 Dar net al
Cedex, France maypdie peedufsdr bhe Knearibget¥0GRISowddeyTHbEL NG Pr ocess may
be carri ed5 out o%ler 2 b%oad 20 ran%fe of tenperature, Dr eferably from15 to
50C. As a °resuPt GIVERE BMr gy PRPIR"Hnf6 T he ImiSREHPe® ARNG the nul I ing
process, there wgéidt barfadessied, Nnnbhgnperaativgeatofany tihe dixghyre during the
mul I ing. The nul ling process.i,s conveni ent | arried,out at anbient
pressure. Any 2§l}§’tﬁ'aBF8,e %r‘}i"feir;g‘i“%’f({%/%%a%’?cgbqgemﬁﬁ”?hg nmachi ne may be
enpl oyed. At the endypficahey mihlel ngxprecassnixedhgpabl kingddughai s obt ai ned.
The shapabl e dough. is th exty yded, using. any _canventional . ,comrercially
avai |l abl e extruaglfl.ocfr? 3%9%%ﬁc{ gﬁl g‘ir(?J a sc?séwgrye%gergx% utgcloﬁngl%a%%i ne may be .-~
used to 10 50 minutes. During the mulling process energy is
introduced inte the mixture by the mulling apparatus. A
Simpson Mixer Muller, Type LG, is used for the mulling
process, commercially available from Simpson Technologies
Corporation, 751 Shoreline Drive, BAurora, Illinois 60504,
15 USA. Optionally, an ROUSTIN kneader commercially
available from F. Aocustin & Cie, 11, Rue de Preaux BP 32,
76161 Darnetal Cedex, France may be used for the kneading

process.
The mulling process may be carried cut over a broad
20 range of temperature, preferably from 15 to 50°C. BAs 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. BAny
25 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
30 particular, a screw-type extruding machine may be used to
force the mixture through orifices in a die plate to

yvield catalyst extrudates o¢f the required shape. The



‘force the mxture through orifices in a die plate to yield catal yst
extrudates_of the required shape. The WO 2004/ 065002 PCT/ EP2004/ 050034 11
strands forYR#USHC¥E% rusi on may then be cut to the approBETEPHWENEIN. The
extrudates may have the formof cylinders, including hollow cylinders, or
may have a formwhich is 5 nultilobed or twisted nultilobed in cross
section, or take any other formknown in the art. Typically, the extrudates
have a nom nal dianeter of fromO0.5 to 6 mm preferably from0.8 to 4 nm
especially from1l to 3 nm After extrusjpn the extrudates are dried, e.g. at
a 10 tenperature from 100 to 300 C for a period of 30 mnutes to 3 hours,
prior to calcination, | ci,nation is, convenjently carried out in air at a
t enper at ure up S?tganﬁ)ofg%f“e&%’?e‘?%tﬂ“ﬁl?% “Eaﬁ(eti]‘é%d? & FOMP800 to 1000 C,
nore preferabl ypprophmtreangegoti. from 300C to 800C, 15 especially in the

range of from 400C 6 | cination of the extrudates is typically
effected for a perl&lg% eg;ngBSa%sgn oh?\é&f t%ﬁe%%?%bq)%c#bﬁ%'m nutes to 4
hours. The surfiacéudien Iofl lpHecylindensa ®xmaydades ai SorRWipcaf egably in the

range of fo om 40,206,300 JiP4 g s @y %gégiféb%aghécéas%m égt%og‘]%%? ne/g, as

measured by a nitrogen adsorption ~met ho escribe . Amer. Chem
Soc., 60 (193%Rke3Buy WWHeE prEpdiedr ihdhexertidatlepinaylbe tdabjected to a

25 deposition s4,aQgqhfediaGl 508G 1081 SRR O o FDNEn At Al Yid Al |y active
el ements or pronoter elenents are deposited on the extrudates. The sources

may be any of RIESERRWEATS™M A- ¥ He dr BRipsesHECt Akl PrPBdE ctoTdbe- as
di scussed herei nbef atecr lgxteasesn itheWBkeudaR@s 05+ id1aka30e I§ Xkurg conpri sed
a. source for a given el enent, &he . . ,
{ 10 Temperature from 100 to 300 °C for a period of 30 minutes
to 3 hours, pricr to calcination. Calcination is

conveniently carried out in air at a temperature up to
1000°C, preferably in the range of from 300 to 1000 °C,

more preferably in the range of from 300°C to 800°C,

15 especially in the range of from 400°C to 600°C.
Calcination of 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

20 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), 309.

Once prepared, the extrudates may be subjected to a

25 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. In cases in which the original

30 mixture comprised a source for a given element, the
deposition of a further source for that element may be
gffected to increase the loading cof the element on the

extrudates.



deposition of a further source for that elenent may be effected to |ncrease
the | oading of the elenent on the extrudates. WO 20114/ 065002

PCT/ EP2004M60034cs022 Deposition of a source of a catal ypicgarysashisye

el enent or a pronoter elenent on the extrudates may be effected by any of

t he techniques known.in the art. A preferred technique for the deposition is
5 inpregnation. Inpregnation may be effected by contacting the extrudates
wi th a conpound of the desired elenment in the presence of a |iquid,
preferably in the formof a solution of a conpound of the el enent. Suitable
liquids for use in the inpregnation i-nttude both organic and 10 i norganic

| i quids, water being a nost convenient and preferred |iquid. Suitable
conmpounds of the deskpesh tieheaend sidmezbud@f mtht@lmmaalﬁnﬁcﬂlw gani c
conpounds, hl F&ef erence_for c WFI ch are soluble in the

sel ected sol ven? EEE shiod é’r%o?ﬁﬁe ﬁ?ﬁ Oé’da i DR 012 E8S W% B8 bases may
facilitate the siesbelily aofy sfii tiebltechsoyeeuRdswofid haedesired el ement.
Preferably, the S are Qr.gani ¢ ¢ nds Most . preferred are
aqueous nitrates angpﬁy%'deom té50 u%l ongo%?c%g “RRLiey 1 gl ement. Especially
preferred %are nitpragsatompoudusrednatob reaydési réleeienbnt coitneeihbese can be
used as a el t s Eesdd 0geh M &AL FUICEALT A1, LG, g3 ed
element in the [1qui e extru ates are nobst conveniently con acted with

t he conpound oftheh@rgasncediekehmiidhyrrafnmadilynin thehéor@ 5 jaqui d.

Preferably, thes@xihiydates bRpbiiE63eeht N1@nSHES | %ﬁ@gbyglﬂ%lgg liquid so

as to just fill the volume of pores in the extrudates. |f the inpregnation
is conducted i nfef $iRgle WitadBPreqid 1okt FirdarésPakle oAraetad si nul taneously,
wtha 10 inorganic liquids, water being a most convenient and b

preferred liquid. Suitable compounds of the desired
element include both organic and inorganic compounds,
with a preference for compounds which are soluble in the
selected solvent. It should be noted that addition of
15 acid or bases may facilitate the scolubility of suitable
compounds of the desired element. Preferably, the
compounds are inorganic ceompounds. Most preferred are
aqueous nitrates and hydroxide sclutions of the desired
element. Especially preferred are nitrate compounds of
20 the desired element since these can be used as a melt
thus resulting in a high concentration of the desired
element in the ligquid.
The extrudates are most conveniently contacted with
the compound of the desired element by immersion in the
25 liguid. 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 2 single stage,
the extrudates are contacted simultaneously with a
30 compound of each of the desired elements in the present
of a ligquid. Preferably, the extrudates are immersed in
an agueous solution of nitrates or hydroxides of the

desired elements. If the impregnation is conducted in a



“30 conpound of each of the desired elenments in the present of a l|iquid.
Preferably“KsﬂﬁwﬁéﬁBydates are imersed in an aqueous solution of nitrates
‘or hydroxi des 01 the desired el enents. If the inpregnat i BnVEROHANOH ed i n
a WD 2004/ 065002 PCT/ EP2004/ 050034 13 plurality of stages, the extrudates
are contacted in a first stage with a conpound of one of the desired
elenments in the presence of a liquid and in a subsequent stage with a
conmpound of a further desired elenment in the 5 presence of a liquid. The
liquid may be the sanme or different Lmstbe stages, nost conveniently the
sanme. After the inpregnation, if in a single stage, or after each

i npregnation i g3 oWy ot ggg%égrprtﬁgnawr%ateg “eggtgw&% s grg dried. The

condi tions undéer which the extrudates are are those as
her ei nbef ore déd&fFtbeiRge PRER et A9MpOuRg odr ophecortheadhsiedi ng process, the

extrudates are aahehfedn the SAlLLRALLON ¢0RALd QRS 1Rel NGiLsEbhosSe: as _
herei nbef ore described. The catalytically active el enent nmay 'be present in
15 the product ﬁtﬁg‘én‘"’%@nfo’ﬁ?o‘ﬂ%ﬁﬁatfdlrIbBrp%ﬁ%léfeﬁyﬂ%%hf-{l Preferably
from10 t@ 50 pakksndy ehaghiquiRer 108 1iR@kHSmAY veeightsHfe 2ikrconia. The
pronoter, if pres%nt, may be gresent in an anount of fromO0.1 to 6D parts
by weight, pré&PerahryF frome TRE6 Pt AP VR Gy PRt SE6-20 parts by
wei ght of zirconia. aftemn tpeeiesrepaebbodiifent ofsirlhe=i syeyH,i ep a zirconia

extrudate is iqﬁﬁe nated with a cobalt re%§t§og which is then dried and
cal cined to forth &8 catel A8 *¥hart- gt &dnat ed- % ¢BRF & &tPlidat e. Hence
accordi ng 25 tacha exrtiirteaspeetdmikdt heTlpr esedt tiamsentidan Whieheths provi ded

a proces fﬁ%’I ;);eggﬁ%ggsgp%pgr%ggggae%rgo%ste- 25TRLEANRLEE 21 i B gt rudat e
Preferably, after the or each drying process, the
extrudates are calcined, the calcination conditions being
those as hereinbefore described.

The catalytically active element may be present in
15 the product in an amount of from 1 to 100 parts by
weight, preferably from 10 to 50 parts by weight, per 100
parts by weight of zirconia. The promcter, if present,
may be present in an amount of from 0.1 to &0 parts by
welght, preferably from 1 to 10 parts by weight, per 100
20 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

25 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
30 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,



a. preparing a shapabl e dough which conprises 30 m xi ng and kneadi ng a
particulate zirconia with a solvent to obtain a m xture having a tota

sol i ds conWeh004P60920om 50% t o 85% by wei ght, WO 2004/ 06508CT/EP2004/050034

PCT/ EP2004/ 050034 - 14 b. extruding the shapable dough to forma zirconia
extrudate, c. inpregnating the zirconia extrudate with a |iquid cobalt
precursor to forma cobalt- 5 inpregnated zirconia extrudate, and d. drying
and calcining the cobalt-inpregnated zirconia extrudate; characterized in
that the particulate zirconia conprises no nore than 15% by wei ght of
zirconia which is other 10 than nonocli Afc zirconia. The present invention
further provides a calcined cobalt-inpregnated zirconia extrudate prepared
according to the pkoceszxtdading e kappalnle Sehvhbte forgua dzicabalit
precursors for inpregnating,qibe.the zirconia extrudate include aqueous
solutions of cobalt hydroxide, cobalt acetate, cobalt nitrate, and

m xtures thereof. ACprefeHI€drpriHid dheobaigonipeetswatieswitn aaqueous

sol ution of cobalt nitratgniAnebher: preterdsd ol Bl & ¢8Ra{ L. precursor is an
aqueous sol ution of cobalt 20 hydroxide in anmonia. The cal cined zirconia

extrudat es’ prepared accoftHuf§rates tHECpRrEd ettt tRATENt 139 exhi bit significant

i mprovenment in streangt hasampased MilhneRd GinedoBhlCaRpRgXdddidat es which
are prepared with particulate_zirconia which 25 conprises nore than 15% by

wei ght of zirconia whi chF3$C 68 heF -t H&ahhonocl i ni ¢ zirconia. For practi cal
applications, i¢hdracpeefasd agd that theepsttangbhReofitddiacabiinedsextrudate

I's greater thannolgn%r’év gl?gnas_wgeg)s/uwreel%ht of zirconia which is other
10 than monoclinic zirconia.

The present invention further provides a calcined
cobalt-impregnated zirconia extrudate prepared according
to the process described herein.

Suitable liquid cobalt precursors for impregnatirg

15 the zirconia extrudate include agqueous solutions of
cokalt hydroxide, cobalt acetate, cobalt nitrate, and
mixtures thereof. A preferred liguid cobalt precursor is
an agueous solution of cobalt nitrate. Another preferred
liquid cobalt precursor is an agueous seclution of cobalt

20 hydroxzide 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

25 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

30 extruded catalyst particles (ASTM D6175-98).

At the same time as having & high crush Strength,
The calcined zirconia extrudates prepared according to

the invention also have a high pore volume, preferably



by the standard test nmethod for radial crush strength of 30 extruded

cat al yst pa[é]i %I es éASTM D6175-98). At the same tinme as having a high crush
strengt h, B0 hed zirconi a extrudates pr epar ed acco?@{flﬁgwpﬂ"’ He

i nvention al so have a high pore volune, preferably WO 2004/ 065002

PCT/ EP2004/ 050034 15 0.3 m /g or greater, as neasured by mercury intrusion
using the nethod described in HL. Rtter and L.C. Drake, In. Eng.Chem,
Anal . Ed., 17 (1945), 782. The calcined zirconia extrudates prepared herein
5 al so have a high surface area, preferably 50 n2/g or greater as neasured
by a nitrogen adsorption, BET nethod “d&%Cribed in J. Arer. Chem Soc., 60
(1938) 309. I—|e3)c§ a(izordi ng to a further aspect of the present invention
there is provided & €aIY FEG2LFTcati RertTGdRY ererryriaiRgpstion f ol | owi ng
characteri sti caisipa) tie peitdodoliestr i0kd0iB HTL/ grOft &F Qaber ;e ( Blaier adi al

crush strength .of 100 cmo eater;_ _a c) a surface area of 50 n2/g or
greater. 15 Thel%z'i Sﬂgghl&%méit%ﬂ%%‘t %éj'pr%—baagdgéc&oar‘?di ng to the present

i nvention may be appheéechlicinadyzjprooaessSeitrudhi€h praparedonia-shased cat al yst

can be used or ;S eguired. T irconia extrudates_can be suitably used,
for exanpl e, asl%gar Fg%j%ras%flglr] %grtacfs ée%ipéﬁf%ﬁ%lﬁo?ﬁraﬁ%% used in
hydr ocar bon syriiif@$es redeesonsd Such astideen Eisoiparioly opsk metkadt i on,

hydroconver si onid¥-9¢8586% .1 kffer ! RNy dsnde- gt gl ddgzathon, hydrocracking
and hydrodesul phurisation of heavy hydrocarbon oils, in the hydrogenation
of hydrogenat abl e cHRPEMARETBENhydr 6chriidrer28specicifonke seisiseas ker osene

and various typesedki6yCdrereOibSprdviathes eRaxidad i aneh: ol &finksal !y
unsaturated caonmpounds with_organic hydroperoxides, in the hydration
1 10 having the following characteristics:
{a) a pore volume of 0.3 ml/g-or greater;
{(b) & radial crush strength of 100 N/cm or greater:
and

{c) a surface area of 50 m2/g or greater.

15 The zirconila extrudates prepared according to the
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

20 used in hydrocarbon synthesis reactions such as the
Fischer-Tropsch reaction, hydroconversion processes, like

('“  the hydrode-metallization, hydrocracking and

hydrodesulphurisation of heavy hydrocarbon o0ils, in the
hydrogenation of hydrogenatable components or hydrocarbon

25 fractions such as kercsene and wvarious types of cycle
oils, in the epoxidation of oclefinically unsaturated
compounds with organic hydroperoxides, in the hydration
of olefinically unsaturated compounds to produce the
corresponding alkanols, in the purification of exhaust

30 gases, in particular ia the dencxing of nitrogen-

containing oxygenates, in isomerization of olefins or



of olefinically unsaturated conpounds to produce the corresponding

al kanols, in the purification of exhaust 30 gases, in particular in the
denoxi ng ofwW@per@g#nz cont ai ni ng oxygenates, in isonerizapicqfkpdbos@ds@bi NS or
WO 2004/ 065002 PCT/ EP2004/ 050034 - 16 paraffins, dinerisation of olefins
and dehydration of alcohols to olefins. The zirconia extrudates are
especially useful herein as catalyst carriers in Fischer-Tropsch type
reactions 5 ainmed at producing (long chain) hydrocarbons from carbon

nonoxi de and hydrogen. Hence according to a further aspect of the present
invention there is provided the use of ¥ ealcined zirconia extrudate as
prepared herein as catalyst carrier 10 in the preparation of hydrocarbons by
reacti ng car borpargbhing . deimadidntdoogen airdéns Fast kiehydropiseh ofeact i on

condi ti ons. Paratlicggéflsrl% glig_f_:iergg ed for use in such reactions are zirconia
extrudates prepared according to the present 15 invention conprising

el enents, optional | Yhevzirconta orxtmdetepragrotere;ialigt uas@lackeryen after
reduction. O art] r 1N Eis - TIr synt heses .are_zirconia

ext rudat es pr epaz%r géjcga csgtr ?%gl%% tlhegggéhce-egsgpﬁ%m)eéypﬁrJé%aecnttlﬁnﬁventi on
conpri si ng i r orirgfckelpreducobal tloag otk iMehgdtedarbiooal £ yoraciairkben conponent .
Cobalt is partjculagd Yajr algrs&d;. The zirconia extrudates prepared herein
can be reduced by contact Wth a hydrogen-containing gas at el evated
tenmperature and pre8erfe aCTppiing by, at ferthBrr eeRrat 04 Fheainessntreating the
catal yst at a tAREEEIYRerkNid heHa00E Of [EOMAQD LO-ARAC, and at a
pressure of from1l to 200 bar abs, for 1 to 200 hours._ Pure hydrogen may
be used in the 7&4a8t+F FTETHERF 125 STERYEA] PeprYt 61 fgtalyst carrier

16 in the preparation of hydrocarbons by reacting carbon

monoxide and hydrogen under Fischer-Tropsch reaction
conditions.
Farticularly preferred for use in such reactions are
zirconia extrudates prepared according to the present
15 invention comprisihg elements, optionally with one or
more promoters, that are active, after reduction. Of
particular use in Fischer-Tropsch syntheses are zirconia
extrudates brepared according to the process of the
present invention comprising iron, nickel or cobalt as
20 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
25 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 usually preferred
to apply a mixture of hydrogen and an inert gas, like
30 nitrogen. The relative amount of hydrogen present in the
mixture may range between 0.1 and 100 % by volume.
According. te a preferred embodiment of the

reduction, the catalyst is brought to the desired



‘to apply a m xture of hydrogen and an inert gas, |like 30 nitrogen. The
relative a Lfhydrogen present in the mxture may range between 0.1
‘and 100 %W@tgl‘/g{?@m According. to a preferred enbodi nenfCBEPIOREINRHuct i on,
the catalyst is brought to the desired WO 2004/ 065002 PCT/ EP2004/ 050034 17
tenperature and pressure level in a nitrogen atnosphere. Subsequently, the
catalyst is contacted with a gas mxture containing only a small anount of
hydrogen gas, the rest being nitrogen gas. During the reduction, the 5

rel ative amount of hydrogen gas in the S mxture is gradually increased
up to 50% by vol une or even 100% by volune. Thereafter the resulting

catal yst may b% cont a,‘gt ed_ _with a n‘ixjtsuregL qQf carhon nonoxi de_and hydrogen at
an { 10 el evat 60 Pehpelt GP8 BINT BFEssTe. My pi EAHOyert HEOSPESER| on | s
effected at a tSebpegatntrly,i hhé¢ hmteange 0f cohtamdlxith 856 preferably from
175 to 250C, I, eferably fr 200C t.q 250C.. especially from 205C to
240C. The reagﬁlgﬁug%ecg?&%gnﬁg t"%]?c% ?I@alﬂnarano?%tn 3 g?'d]ﬁ?%‘r 85 to 150 bar
abs., preferabltyef rest aingleliivgen ahs. , Duwwies prief epdbdtyid,omm@0 to 100
bar, espeecial |y _fLpE 7 e.hy n ar hbgn nonoxi de is
typically%fed %glggﬂge3%5%85sggsggrggé%fgghfﬁog%%%%%eg%gﬁég of from0.7 to
20 2.5, preferappguphly Hacraasrd o £f oMl byovolunewrhgvemgddst by car bon

monoxi de nol ar Aat,es W Il increase the C5+ selectivity of the catal ysts,
i.e. the selectivity of the formation of C5+ hydrocarbons. Unconverted
hydr ogen and car bonT itqe HRE UsEVLBENT|I@E2255 dagghe exrched t he

catalyst. In syghnhan affanRgedEMarbohhforBiide LAdiIHyRbgbydogen to carbon
nonoxi de in the gas actually contacting the catalyst may be considerably
1 10 elevated temperature and preéssure. Typically, "the
reaction is effected at a temperature in the range of
from 125 to 350°C, preferably from 175 to 250°C, more
preferably from 200°C to 250°C, especially from 205°C to
240°C. The reaction pressure is typically in a range of
15 from 5 to 150 bar abs., preferably from 5 to 100 bar
abs., more preferably from 20 to 100 bar, especially 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
20 2.5, preferably in the range of from 1 to 2. Low
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
25 to again contact the catalyst. In 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.
30 The gas hourly space velocity {“GHSV”} may vary
within wide ranges and is typicaliy_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



| ower than that of the feed gas for exanple in the range of fromO0.4 to
1.1. 30 The gas hourly space velocity ("GHSV') may vary wthin w de ranges
and i s typwoalobyoesen2t he range of from 100 to 10, 000, pr efGEI/EEA0Y4/E064t O
5000, nore preferably from 500 to 3500, even nore preferably from800 to
1600 WO 2004/ 065002 PCT/ EP2004/ 050034 - 18 N1/1/h. The term GHSV is wel |
known in the art and relates to the gas per hour space velocity, i.e. the
vol une of synthesis gas in N (i.e. at the standard tenperature of 0C and
the standard pressure of 1 bar 5 (100,000 Pa)) which is contacted in one
hour with one litre of catalyst particlhes: In the case of a fixed bed
catalyst, the GHSV is usually expressed as per litre of the catal yst bed,
i .e. including ¥htldhpar the deam Gy isspate. krnb@nThe Proeessaidr the

preparation of fydiacarhons. MRy poe h%g@dy[gg%_d vlég'bggt L vargi e]t_ﬁl%of react or
e

types and reaction reginmes, for exanple a fixe or an ebullating
regi me. A fixed?deder §i pentihesppeday dadNl| ti-eni Pk blee ayprderdt ed that the

size and shape @nddhgrdbe C#t AoyStndaite sLe&sidrRY pYabyudepending on the
reaction regine they are intended for. The person skilled in the art wll

be able to sel eE}O%RE%nB3L aPPFBptT ABLarLRe did onghagiy MdED a°Rfl ven reacti on

regi me. Furtheriidde il babel wsdpast00est hatn the skiélada 20xpenz@n is

capabl e of selecti rl%’r t he_nost apfro ri gae conditions for_a specific reactor

confi gurati on, PEactioP gt e SHid 8 REFRSGEYsThatre. LELTE &fanpl e, ' the.

preferred gas hemy lcptapase el 06l éy imayudepencteppart iwlatypeidf reaction

regime that is being applied. Thus, if 25 it is desired to operate the

hydr ocar bon syn?%aecsel's process with a fixed bed regine, preferably the gas
10 The process for the preparation of hydrocarbons may

be conducted using a variety of reactor types and
reaction regimes, for example a fixed bed or an
ebullating regime. A fixXed bed regime is preferred. It
will be appreciated that the size and shape of the

15 catalyst particles may vary depending on the reaction
regime 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

20 person is capable of selecting the most approprizte
conditions for a specific reactor configuration, the
reaction regime and a work-up scheme. For example, the.
preferred gas hourly space velocity may depend updn the
type of reaction regime that is being applied. Thus, if

25 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 M1/1/h.

The products of such Fischer-Tropsch reactions are a

30 mixture of hydrocarbons including paraffins, olefimns and
oxygenates, such as alcohols and aldehydes. The co-
mulled zirconia/cobalt extrudates and the cobalt-

impregnated zirconia extrudates are particularly suitable



“hourly space velocity is chosen in the range of from500 to 2500 N/I/h.
The produc _ Fi scher-Tropsch reactions are a 30 m xture of

“hydr ocar boﬁl‘zo ?Jr%fﬁ%ﬁ%g paraffins, olefins and oxygenat esPCHERHOH85083cohol s
and al dehydes. The co- mulled zirconi a/cobalt extrudates and the cobalt-

i npregnated zirconia extrudates are particularly suitable WO 2004/ 065002
PCT/ EP2004/ 050034 - 19 herein for the preparation of olefins, especially
Cll-Cl4 olefins, particularly in conbination with a preferred set of

Fi scher-Tropsch process conditions. C1_I1- Cl4 olefins are particularly useful
as precursors for detergent range 5 al cohol s. Hence accor di ng to yet a
further aspect hof the:E p&esent invention there is grovj ded a grocess for the
prepar ati on of PREGHEOSI EPF i SRATAREPT RSnPAat ¥ 1858 ¥dnty albral%onpri si ng
contacti ng hydoageinsngacat Ok AIHNOX i ctenblAatindevikh shosrerEr-opgcdd eact i on
conditions in the_ . presence s catalyst, of.a calcined zirconialcobalt
extrudate or a“%a%? eeé_cﬁ%%ﬁtf%- PRpre ﬁogalgjrorr@c)ni gw?a%‘lr Q4&EE?S I n order to
maxi m se the ChkieQGi#rtdaubenlf reetfidnas pretbridrs Mypdr ocorRentpracict stream
while stikl mai] Eggﬁgg a high C5+ yield (of at least 85%, it is preferred
to carry out the Fischer-Tropsch reaction under such conditions that the
aver age "al pha" vallirnasf acherdiawwakysyet asédriler psphet rahgéeof from QO B7 to

0.92, preferably.20.f r:om0t od 21292 gchal | 91y, The "al pha"
val ue i s known pIY:ﬁ the art as the KSF%SaI%%%a v§+ u%pg%%%%gr%gn%g%hul z-Flory

chain growt h f&&epryatisg afeliohwer elaf insehaviradecnl phatavdldueaiornt he val ue

of the ASF chai@ngr oWt iRERPaRIkbLY epeflich&Ntantihal ribgs tnotlgscdd bes 25 the

nmeasur ed _hydrocarbon distribution between C20 and

N 10 under Fishcer-Tropsch reaction conditions in the
presence, as catalyst, of a calcined zirconia/cobalt
extrudate or a calcined cobalt—imptegnated zirconia
extrudate.

In order to maximise the Cil-Cl4 carbon fraction in

15 the hydrocarbon 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
conditions that the average “alphé" value of the catalyst
used is in the range of from 0.87 to 0.92, preferably

20 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 wvalue of the ASF
chain growth probability coefficient that best describes

25 the measured hydrocarbon distribution between C20 and
€39, 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 wvalue of “alpha™ in the range

30 preferred for use herein and as mentioned abeove 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.



C39, that is, the value found by statistical regression of the neasured
data, using the so-called "least squares regression" technique which is
wel | knownwioozephiessper son  skilled in the art. The val ue oPCT/EPI0&0S00% t he
range 30 preferred for use herein and as nenti oned above provides
approximately twi ce as nuch of the Cl1-Cl4 fraction than a value in the
range of 0.95 to 0.96 while still having a relatively high C5+ yield. WO
2004/ 065002 PCT/ EP2004/4)50034 - 20 1In order to maxim se the olefinicity
of the Cl1-Cl4 <carbon fraction, a preferred set of Fischer-Tropsch process
conditions is as follows: contacting hy#éf ogen and carbon nonoxide in a
nolar ratio of from1.1:1 to 0.4:1 5 at a wei ght average bed tenperature in
the range of from Poorudgr2bo@axgmaser tit p1l2@5niei D40C, the gildsSdde in the

range of from 2Q .49, 180 Ra8bn, PL §:2rablyy fsreQWbéOFi&hé%-?%ps d a GHSV of
from 100 to 5000 hr-1, preferably from500 to 3500 hr-1." 10 Further, in

order to maxi mMPEECER® FINCHLAPRT tiF 6F fnklows:| conrgtiast hpdrdaen snpref erred

that the catal ystrbbaSndHbxia¥elAAe Meakti £48 dbamet&l 10f . 2. & mgmqen | ess,
pr ef er abl inthe range of from1l nmto 2 mm The anmount of catalytically

active cobalt Gt BhEcIB L AVELRTA Re8r FPBreTadUpretRItdls F2Ree t¢He faNge of from
3to 3P0 part$olayftweimﬂcb ,P@Eeﬂ@&b}l@l’kssmb \mbgm @fpréhéﬁﬂﬂii% tﬁé”i e][
material, nore prefer m 10 to.80 parts wei-ght, especially from 20
1. 60 par ts by WEHGHEE S GPok od BABY N BN L RoRD (o B Beher 20
Tropsch reacti cinsl desgsv ed fhet iy eonptiGes-20 po=wRUDy fyei gob of CI-Cl4

ol efins, based ,on %Hg total weight of the dIl-Cl4 carbon fraction. It is

al so preferred har e Fi scher-Tropsch reacti on product conprises 85% or

nore of hydrocar bonSuhidwimgib ceddiomoanaxenice gheatlerfinicity of the
Cl1-Cl4 fraction it is preferred that the catalyst has an
average particle diameter of 2.2 mm or less, preferably
in the range of from 1 mm to 2 mm.
The amount of catalytically active cobalt on the
15 zirconia carrier is preferably in the range of from 3 to
300 parts by welght per 100 parts by weight of zirconia
carrier material, more preferably from 10 to 80 parts by
weight, especially from 20 to 60 parts by weight.
A preferred reaction product from the Fischer-
20 Tropsch reactions described herein comprises 20 to 60% by
weight of C11-Cl1l4 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,
25 based on the total weight of hydrocarbons in the reaction
product.
The invention will now be illustrated by means of

the following Examples.
Examples
30 In the following esamples, the term Loss on Ignition

{or "LOIY) i= the amount of moisture present in a sample

L



25 based on the total weight of hydrocarbons in the reaction product. The

e illustrated by neans of the follown

i ti 1 Ex | es.
IEQ;(;& |egn g’(ﬁ #OH‘%#Q&T ol | owi ng ea, anpl es, the term Loss onpqﬁﬁf’c"ﬁ%"gfs"or

"LA") is the anopunt of noisture present
PCT/ EP2004/ 050034 21 as neasured by the wei ght

in a sanple WO 2004/ 065002
| oss of that sanple after

treatnent at 550C in a furnace for 2 hours. Exanple 1 (Calcined zirconia

extrudate) A calcined zirconia extrudate according to the 5 present

invention is prepared as follows. 7060 gyams of zirconi um oxi de powder
having a tradenanme DAIICH RC-100, (commercially available from DKK Daii chi

Ki genso Kagaku

m xed with 2654

rans o rans o

0 “&Rrion

sg%gggulcod B Eg?g %rl%hgaﬂsng O? gngfi on Hgnié‘g on of 1.9%, are

ol uti on

(cont ai ni ng 25%teptnenglat G50aGMoniaumrimwy drerd2)hod8.grans of SUPERFLOC

N100 (a pol yelectrolyte

commercially available from Cytec Industries B.V.,

Bot | ekweg 175, Bxeapleal EelcireRairepnhmextyadadet her | ands) and 139 grams of
pol yvinyl al cohol (MM Qsinka 81 8&GAMERESiAkkYadVidiabl €, fym Kuraray

Specialties Europea, GwH, c/o dariant Benelux N V.,

Di emer hof 36, 1112

XN Di emen,”® The BNESRBE | HREED-IR0r B RIFREYET LS0h t He'Dai €AY PoMEert usi ng
Rietvel d quantificeatn@roditdi pat@s thatnd ta ¢GeRbdhA% PR199% 2@-mBRocl inic

grakiocdra

zirconia, 7.9%tet ragonal Zi rcgg‘;a and 0.006% .cubic zirconia; all

being +/- 10% r K194

nunber s

bl drn DK Bpi+rhic fL R Fhdta%akent used for

t hese neasuremeify® 6. anthil bps HRAMiEG0H Dodsayndidgdirachosetiers)havi ng the
foll ow ng settings: .X-ra‘yitthulggsdcolpa%er node; 2§1é/ol tageéf4a%kv; Currrent: 55

m, Di vergence
' 10

15

20

25

30

a ixed s ol water
ShEeae 9 ’ gram

ammonia solutien ({(containing 25% by weight of ammonium

‘hydroxide), 69 grams of SUPERFLOC N100 (a polyelectrolyte

commercially available from Cytec Industries B.V.,
Botlekweg 175, 3197 KA, Botlek-Rotterdam, The
Netherlands) and 139% grams of polyvinyl alcohol (MOWIOL
8-88 commercially available from Kuraray Specialties
Europea, GmbH, </o Clariant Benelux N.V., Diemerhecf 36,
1112 XN Diemen, The Netherlands).

X-ray analysis on the Daiichi powder using Rietveld
guantification indicates that it contains 92.09%
monoclinic zirconia, 7.9% tetragonal zirconia and 0.006%
cubic zirconla; 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 mdA; Divergence slit:
Autoﬁatic; Receiving slit: Fine: Vertical soller slits in
primary and diffracted beam; Graphite moncchromator 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 Corperation)



Automatic; Receiving slit: Fine; Vertical soller slits in primry and
diffracted beam G aphite nonochromator in difrracted beam Recorded range:
10-90 2 Theoa0080@EM2i ze: 0.025 2 Theta; Counting timnme/ stepr/EE29g6m0LS;
Standard 30 sanple holder with 20 mm di aneter and 1.5 mm depth. This m xture
is kneaded in a SIMPSON m x-mnul |l er Type LG (comrercially from Sinpson .
Technol ogi es Corporation) WO 2004/ 065002 PCT/ EP2004/ 050034 - 22 for 15

m nutes. Then the m xture is passed through an AQOUSTIN kneader, continuous
m xer size 2" x 17" (commercially available fromF. Aoustin & G e, 11, Rue
de Preaux BP 32, 76161 Darnetal Cedex,?ZFrance) at 200 rpm 5 The dough

obt ai ned has a neasured LO of 32.81% and a pH of 10.3. The dough is
extruded with #o2. D% nimgiieBONNDEnR ke migénr¢ compaiseedl thromghi &abl e from The

Bonnot Corrpanymu%f%gekg%aggfatc%n\gggggufm%er é{ry opt.opn, ,.Chi 0 44685, USA)

using a 2.5 mmtr late and a 1 rrmcylnder 10 die plate. The
extrudates are (GPW@{alHO@#Jd{ableh%mm Ff. oRpusida ByCtal dilnaRiherdd n a rotary '

oven at a prodg¢taut efmogrzat YE L5102 PROG I @Lady hwa%ceﬂ% ?Wofi‘ area of the
final extrudate is 88 |'9~ The pore volune is e radial crush
G|

strength 8f thdhei ?‘l%\‘?g}‘eﬁp b hf5 Nele FFasH rel L‘P§| Ag- §He a@ﬁaﬁo@ﬁd t est

met hod ASTM D61:>25109:8 Rasubidsgraie shomiieunwiablL 212bel 0w sbxRsPl e 2
(Conparative Exa The rocedure of Exanple 1 is repeated except that
the zirconia p&\%ﬂ sel§° Vea‘ia’l]sabrlépf%%érhﬁy nogo CRIREF e of 80%
Dai i chi HC 100 1a0d 269%cafta wdddx0mrkay DOWHEbntdwH , n@h&heuer%denama SEPR HC 15

(commrercial ly availa%;;ﬂfro leEr? eencP g Pr od é Refractaires,
Les Mroires, 1§'%e ié’%&o é’él? Pt € ‘Erafit ey, l§ PR HC 15
cont ai ns 198. 3 wii%o @2batieet ragena-&trmdatemlaa:eaﬂdléd AWL2e o Noal itnheuzi rconi a (as

followed by calcination in a rotary oven at a product

temperature of 550°C for 2 hours. The surface area of

the final extrudate 1s 88 m2/g. The pore volume is 0.326

ml/g. The radial crush strength of the final extrudate

15 was measured using the standard test method ASTM D6175- -

98. Results are shown in Table 1 below.

Example 2 (Comparative Example)
The procedure of Example 1 is repeated except that
the zirconia powder used in Example 1 is replaced by a
20 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 Cyn
Refractaires, Les Miroires, 18 Rue D'Alsace, 92400 o
Courbevoie, France). SEPR HC 15 contains 98.3 wt%
25 tetragenal zirconia and 1.7 wi% 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%. 1In order to
achieve a similar LOI of the extrusion dough as in
30 Example 1, the amcunt of water added is reduced. The
dough obtained has a measured LCI of 32.87% and a pH of

10.2. Extrusion, drying and calcination is carried out



anal ysed by X-ray diffraction using the same X-ray diffraction instrunent
and the sag;a 20?“@ s as described in Exanple 1 above) and has a LO of

24. 4% el chieve a sinilar LO of the extrusi oRCHERAE®Hn 30
Exanple 1, the amount of water added is reduced. The dough obtained has a
measured LO of 32.87% and a pH of 10.2. Extrusion, drying and cal cination
is carried out WO 2004/ 065002 PCT/ EP2004/ 050034 23 in the sanme way as for
Exanple 1. The radial crush strength of the final extrudate was neasured
using the standard test nmethod ASTM D6175-98. Results are shown in Table 1
bel ow. 5 Exanple 3 (Conparative Exarrpl e) The procedure of Exanple 1 is

repeated except that _the zircon e sed n Ex le 1.is replaced by a
m xture of 50% Jc%{%?‘chfa‘f-‘f‘c“‘fé’o %O%%dfa {e Ehﬁlléadalggmﬂ’é‘?srhaw ng the
tradenane SEPR $CEngtasodisee :Emna(amqnh:eda@s 2\1)35 heaoneer ubdn@atheeve a simlar

LA of the extr d , the munt of ter. |s reduced.
The dough obt ai %1%&1%%53 gg%agﬁpég @mkﬁﬁ 9§9% dlg plai}‘-e %%ao@f "8 ™Ext r usi on,

drying and cal ctakdts dnbedowarried out in the same way as for Exanple 1. The
radi al crush 15 strength of the final extrudate was neasured using the
standard test nefamrdeASTMDPEFSLDE: ER@sBlt)s are shown in Table 1 bel ow,

Exanpl e 4 (Conparatitne FX&Eduelr Jh%ﬁhg@@dprl% QEpEa@HDIegcépé SHagpeat ed
except that 20 the zirconia powder used_in 1 is replaced by the

zi rconi a powder HSEPRTAEMIS P(Oé’geﬁs‘é%feq ﬁ“E‘?{’éﬁﬁW@ ?)15 neplagedery o achi eve a

simlar LO of hheeet basion pdetgh ag-100 fxanphecd.a thecappunt of water
added i s reduced. The ou(gh obt ai ned has_a neasured LO of 31.89% and a pH
of 25 9.8. Ext rRHT, AT VFhG MEn b e EMRat Foh ACd Oc A7 s ideg ot Bapmple

( 10 2). In order to achieve a similar LOI of the extrusion
dough as in Example 1, the amount of water 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

15 strength of the final extrudate was measured using the

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

Example 4 (Comparative Example) -
The procedure of Example 1 is repeated except that
20 the zirconia powder used in Example 1 is replaced by the
zirconia powder SEPR HC 15 (as used in Example 2). In
{ 7] order to achieve a similar LOI of the extrusion decugh as
in Bxample 1, the amount of water added is reduced. The
dough cbtained has a measured LOI of 31.89% and a pH of
25 9.8. Bxtrusion, drying and calcination is carried out in
the same way as for Example 1. The radiail crush strength
of the final extrudate was measured using the standard
test method ASTM D6175-88. Results are shown in Table 1

below.

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

the zirconia powder used in Example 1 is replaced by the



the sane way as for Exanple 1. The radial crush strength of the final
extrudate was neasured using the standard test nethod ASTM D6175-98.

Resul t s ar @GsHonWms092 Table 1 bel ow. 30 Exanpl e S (ConparetTreedoyveswie) The
procedure of Exanple 1 is repeated except that the zirconia powder used in
Exanple 1 is replaced by the WD 2004/ 065002 PCT/ EP2004/ 050034 - 24

zirconi a powder SEPR HC 15 (as used in Exanple 2) which has been cal cined
at 400C before adding to the extrusion mx. The powder consists of a

m xture of tetragonal (98.3% and nonoclinic (1.7% zirconia as anal ysed by
X 5 ray diffraction (using the same X-T&y diffraction instrument and
settings as described in Exanple 1 above) and has an LO of 3.2% In order
to achi eve a siFfitcapia [r@vwder PERR &t Ahsiam udedghn BxamplExanpiteck, the anount

of water added,] sbe&qitwaq@ dhe.dqughcobl Ajne 1 A of
33. 75% and a pH_ osf . 8. Extl]rnu5| on, I’CI ng & gd%%%c%ﬁagpgﬁ I'S %gr}rﬂ ed out in_

the same way astifor T‘B(&B?b’ldérlcoqﬁ?étlsa@lfaﬁ “@P‘ES?}E S érgragetalt he fi nal

extrudates are [RasyyeshdisoRBct g st@nggy dzﬁr%éalmﬂqalfgé\ﬂhgﬂi:’ 98.
Results are shown in Table 1 bel ow 15 Exanpl e arative Exanple) The

procedur e of EX@¥pAeTiradirapéatdy dReefams ﬁaFaYtCFFef FPFEHR a powder used in

Exanple 1 is replsaeagedy add Eéf@ﬂmsaaﬁo&éiﬁfraby&l—l 28806 11 (yvaprcial ly
avail abl e froleEk Chem_cals, Cifton Junction, P.O Box 6, Swinton, 20 M7
8LS, Manchest erf™URES Fhil&1n8hidbr? ScondT TS T2 001Vt R afbHa1212i r coni a as

anal ysed by X-ray diff fiacikdtensidiisiongnt ie ﬁﬁﬂfﬁaﬁﬁale&)& dichérasdim@ncknst r unent

and settings asdescrbdin anpl e aov)and s ald of 1.9% In
order to achi eVEt&*sf cgrlsLﬁeg%(fe 'he%ﬁt‘%ﬁ?ﬁ ][]be%l 5858 in Exanple 1,

t he anounts of \Mae.madldmt iof BRdUednd 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
extrudates are measured using the standard test method

ASTM D6175-98. Results are shown ip Table 1 below.

15 Example 6 (Comparative Example)
The procedure of Example 1 is repeated except that

the zirconia powder used in Example 1 is replaced by a
zirconia powder, MEL XZ0O BB/l (commercially available
from MEL Chemicals, Cliften Junction, P.C.Box 6, Swinton,

20 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 i“ii
as described in Example 1 above) and has a LOI of 1.9%.
in order to achieve a similar LOI of the extrusion dough

25 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 ocut
in the same way as for Example 1 (except that only a 2.5
mm cylinder die plate was used). The radial crush

30 strength of the final extrudate is measured using the
standard test method ASTM D6175-98. Results are shown in
Table 1 below.



‘The dough obtai ned has a neasured LO of 48.5% and a pH of 9.3. Extrusion,
dryi ng and I lon is carried out in the same way as_for Exanple 1
(except th%"?’aié’%@&éézz. 5 mmcylinder die plate was used).PGHEPIOSHIM34cr ush
30 strength of the final extrudate is nmeasured using the standard test

met hod ASTM D6175-9B. Results are shown in Table 1 below WO 2004/ 065002
PCT/ EP2004/ 050034 25 Table 1: Radial crush strength NNcm Exanple W % of
2.5 M 1.5 mmcylinder nonoclinic trilobe zirconia in starting powder 1
92.09 208 154 2(Conparative) 74 106 67 ,3(Conparative) 46.9 32 25
4(Conparative) 1.7 < 20 < 20 5(Conparative) 1.7 < 20 < 20 6(Conparative) O
20 NV.cm Not neasured The data provi q,% !enl,‘l'abl e 1 clearly denonstrates
that cal cined zirconia extrudates that f%av " been prepared 5 using zirconia

powder which consists essentially of nopRadiiadi erzsh careagfle. \gcmO2}l 09% have
a- significantl|Exanpgher crush stiténgth t hanzthaose which laavegi1be@sn pr epar ed
using tetragonal zirconia or| aomoxiime: of noridebeni ¢ and tetragongl
zirconia. 10 5:)<arrpl e 7 (Caldi nédcczrii{ac@ni n extrudate|prepared without the
addition or agid or base) 264 qtamtimf z|rconi um oxide powder havi phg the
tradenane DAII|CH RC 100 (as us@®dvfer Exapple 1) with a :
1 _ 92.09 208 154
2 (Comparative) 74 106 , 67
3{Comparative) 46.9 32 25
‘ 4 (Comparative) 1.7 < 20 < 20
*( 5 (Comparative) -1.7 < 20 < 20
o & (Comparative) 0 20 N/cm Not
: measured

The data provided in Table 1 clearly demonstrates
that calcined zirconia extrudates that have been prepared
5 using zircenia powder which consists essentially of
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

tetragenal 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 (as used in Example 1) with a
LOI of 5.3% are mixed with %0 grams of a 5%w polyvinyl

15 alcohol solution in water {(having the tradename MOWIQL
158-88}. This mixture is kneaded in a Sigma (Z-blade)
kneader type LUK 0.5 supplied by Werner & Pfleiderer,
Stuttgart, Germany for Z minutes. 2.5 grams of SUFERFLOC
N100 is added to the mixture and mixing is continued for

20 5 minutes. 8 grams of water is then added to the mixture
and mixing is continued for 30 minutes. The dough thus

obtained has a measured LOI of 31.5% and a pH of 8.4.



LO of 5.3%are mxed with 90 grans of a 5%w pol yvinyl 15 al cohol sol ution
in water (having the tradenane MON OL 188-88). This mxture is kneaded in
a. Signma (¥biwadejseokneader type LUK 0.5 supplied by Wernect&pRivkesder er
Stuttgart, Germany for 2 mnutes. 2.5 granms of SUPERFLOC NI100 is added to
the m xture and mxing is continued for 20 5 m nutes. 8 grans of water is
then added to the mxture and mxing is continued for 30 m nutes. The dough
thus obtained has a neasured LO of 31.5% and a pH of 8.4. WD 2004/ 065002
PCT/ EP2004/ 050034 - 26 This dough is extruded using a 1 inch single screw
pi nned extruder (supplied by The Bonro#é Conpany) using a 1.6 mm tril obe
die plate. The extrudates are dried at 120C for 1 hour foll owed by

cal ci nations i Thissdeqdlonar gxbyededausang 5 gr odaetsingipesatew eiohe850C for 2

hours. The porevel 4o he.d il shed Jrugd 1S Qs / nd the
surface area is x5_5 ng/ fguF?e (raadr%yal cr%@ﬁ‘t gtrg%\g%#)o#glgﬁéaﬂﬁ?s ed
extrudates is Z331NPerfieTHilatexarfiice exteiantssr aresiniedt at t13& thdbrnecessary

to use acid or pasgrlfhimwelenprapanaki fhPracsss: Afi chhe, PseSERL Lnvention.
Therefore in cases where acid or base ywould lead to deleterious effects on
the catal yst, tRf@IUSE WMRsCRFuE? °has8 § fahé prepar alhenPore t he extrudate

can be avoi ded.volmnanpt a2 Cal idedxcobdltes ARr €oNat ad/gi 46Oning 15
extrudate) The prqcedure of, Exgrrr&!/e 1 is repeated except that dough is
extruded usi ng B*f26° % ifob d-pl e .rofal SSHFUGLEeRIH €Tdried at 120C
for 1 hour fol lusedibyshefleat padad s kN2 NYCAlY THISN egbmpl 1 oduct

t enperature of 20 SSQC for tﬁ* It_uours.. Thi s Fgrocedure was reﬁgate and the two
products were MXEESTTHET *HAF br oFubPE HEESRS80Y 14 &558r BS D908/ g as
measur ed 1oy a ni:d rbgeprgesatpbn gprgcess BEEhrephedgerdesarebetbin J. Anmer.

Cnem Soc., 60 %ﬁg%%§gre in cases where acid or base wopld lead to
deleterious effects on the catalyst, the use of acid or

base in the preparation of the extrudate can be avoided.

Example 8 {(Calcined cobalt-impregnated zirconia
i5 extrudate)

The procedure of Example 1 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

20 550°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 ‘ )3
BET method described in J. Amer. Chem. Soc., 60 (1938) |
309, a pore volume of 0.352 ml/g as measured by the

25 mercury intrusion method described in H.L. Ritter and
L.C. Drake, In. Eng. Chem., Anal. Ed., 17 (1245) 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

30 60C and impregnated with 6%38 grams of a melten cebalt

nitrate solution having a temperature of 60°C for a

period of 2 minutes during which the average temperature



309, a pore volune of 0.352 m/g as neasured by the 25 rrercury i ntrusion
met hod desgs;(% /8%0# L. Ritter and L.C Drake, In. Eng._Chem ., Anal. Ed.
17 (1945) 3 radi al crush strength of 154 N cm as"ﬂ’gﬁgﬁ’#’ﬂﬁﬁ“&;‘ t he
same test net hod as is used in Exanple 1. 10250 grans of the resulting
extrudate is heated to 30 60C and inpregnated with 6938 grans of a nolten
cobalt nitrate solution having a tenperature of 60C for a period of 2

m nut es during which the average tenperature WO 2004/ 065002

PCT/ EP2004/ 050034 27 of the inpregnathhg mass is around 60C. The

i npregnated extrudates are dried at 120C and calcined in a rotary fur nace
at a product t t 4 e.fi extsuda shavea obal
content of 11. ZJS%?E)}@ %ﬁreﬁﬁj ?aIE(?Sma-r%aé%r{e%lugd §<B réejly % UoT 85¢ Sg ‘5) a surface
area of 48 er/Qj&t(réléaﬁ%sﬂfleedrb?da?ltnllﬁﬂo@@ndadsbfrptadomnBETromlrhod descri bed

in J. Arer. Chefirn3e€: at 60 pird838) &Q%)erm&‘ofr Qgg&%! C&‘HE:f nength of 188

N cm as neasured by the sane test nethod as is used e 1. 10
Exanpl e 9 (Cal ci¥iéddebesmiiavedaceehalt £Preui afekt rikfabe) We@'mgagrans of

zi r coni umpxi dendBhkCHl bIRG-100 POVHRIGcehSe T xedumtdd: 8091 & ags of cobalt
hydr oxi de. The dr§ gowders are blended in a Sinpson mx nuller. To this
9

bi end is added 7 e syred BY i HSEPIRR @ﬁ58¥9t135mp§Wv1P$ﬂ}1°dal cohol
(MOW CL 18- 88) dd’sc\ﬁ@géﬁ ,in2110. ﬁmgfamhe&ols& polsgwmda)abggh@knd( NSN\LC]]C_ 18- 88),
255 gramcitri cid _an am is mxture is kneade or 36
mnutes in a SI‘WIS%&I ﬁf'ﬂ(sqhﬁ% P‘g{hrr?ef\r,]\qgg&\”d?‘hﬁfﬂea%ﬁéﬂﬁmfe@e| s added
and m Xxing is corndt naedod ars 26 anat Her Ebamplruties. The dough thus obtai ned
has a neasured LO of 31.8%and the pHis 7.8. This dough is extruded
Using a 2A®5 i nterBORNDT(@Rcinder causiuiged dob@ Lnizitaunliebexdiwlapkat e. The

extrudates are dr'eQB359]é¥g§sf85 zirconium oxide DAIICHI RC-100 powder

is mixed with 8091 grams of cobalt hydroxide. The dry

powders are blended in a Simpson mix muller. To this
blend is added 5729 grams of a2 5 wt% solution of

15 polyvinyl alcohol (MOWIOL 18-88) in water, 210.5 gram
solid pelyvinyl alcohol (MOWIOL 18-88), 255 gram citric
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

20 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

25 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
30 9 are converted into active Fischer-Tropsch catalysts by
reduction, and subsequently subjected to Fischer~Trepsch

reaction conditions as follows.



4 hours followed by calcination in a stationary oven at a 25 product
tenperature of 550C for 1 hour. This procedure is repeated and the two
product s aV® e§™2The final product has a strength of RAGBERS#PS0Bdanpl e
10 The extrudates prepared according to Exanples 8 and 30 9 are converted
into active Fischer-Tropsch catal ysts by reduction, and subsequently
subjected to Fischer-Tropsch reaction conditions as follows. WO 2004/ 065002
PCT/ EP2004/ 050034 28 A micro-flow reactor containing the catalyst
particles in the formof a fixed bed are heated to a tenperature of 280C,
and pressurized with a continuous f1 6w2Bf ni trogen gas to a pressure of 1
bar abs. The 5 catalyst is reduced in-situ for 24 hours with a m xture of -
nitrogen and hydr og@nHaCIBAY| FRATCIUEPHMGHERE the|catadesanount of hydrogen

in the mxture gagtgeadsiald hei pefeased F10m 8% 10 HQWa dhe water
concentration of the off-%a? h§ kept, bel ow 3000 ppmw. 10 Fol | ow ng
reduction, the PFEFAFEETDP of BAydr GOy BERS IR EeE ¥ Yied@ 6aREHYOUSt r oduci ng a

m xture of hydriagenoangteakhogasno%i feeadura b2/ CRdrabbe. ofthk 1: 1. The
GHSV, the_ reaction tg erature (expr ssgd %s hhe vvei,%ht ed average bed
tenperat ure), andorher predSIHEcArd Saf atTordi AGETD MEPTANTEMIT®The space
time yield (STY néxpogssethdabydgrays ghydr amathenrsannddeh fies |iter catal yst

particles (including voids, be en the particles er, _hour; the
el ectivity o 1aEoLa B bt toHg sthr FhoPeThuRoas Sht oA lcs-
selectivity), expressed fasm@tvofo tIfestot dthe2@ahydracaebonaprodwdt ; t he

selectivity to %dggggé%priss &&thfél@‘ﬁng?&%ﬁpﬁﬁcar bon atons (d 1| -Cl4
in of the'to

selectivity), express ydrocarbons product; and the - -
sel ectivitdy to hydr dedidoimy ceAved ivirmgths-REpeapbbyn of hydrocarbons :

is carried out by introducing a mixture of hydrogen and
carbon monoxide at a HZ2/C0O ratio of 1.1:1. The GHSV, the
reaction temperature (expressed as the weighted average
bed temperature), and the pressure are set according to

15 Table 2. The space time yield (STY), 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

20 hydrocarbon product; the selectivity to hydrocarbons
containing 1i-14 carbon atoms (Cl1-Cl4 selectivity),
expressed in 3wt of the total hydreccarbons preduct; and
the selectivity to hydrocarbons confaining 15-20 carbon
atoms (Cl5-C20 selectivity), expressed in %wt of the

25 total hydrocarbons product, were determined after 40
hours of operation. The results are set out in Table 2

below.



atons (C15-C20 selectivity), expressed in %w of the 25 total hydrocarbons
pr oduct, e determ ned after 40 hours of operation. The results are set
out in Ta\éﬁré) ’é’%{’)‘g‘f'gm. WO 2004/ 065002 PCT/ EP2004/ 050034 PGU/ERAA1/E0434
"Catal yst of Catalyst of Exanple 8 Exanple 9 Tenperature, C 231 227
Pressure, bar abs_ 51 52 GHSV, NL/(l.hr) 1200 1200 STY, g/(l.hr) 148 151
Co+ selectivity, ~%v 88 87 Cll-Cl4 selectivity, %v 9 9 C15-C20
selectivity, %v 13 13 The results set out in Table 2 denonstrate that the
Co/ Zr catal ysts prepared according to _tEg: pbresent 5 invention can be
successfully used as catalysts in the I scher-Tropsch synthesis of

hydr ocarbons. Exanple 11 In the foll ow xanpl e the catal yst prepared in
accordance with Exanple 8 above is cmﬂ%}é}%eg*mth two 10 other catalysts

(Catal ysts A apd By tavimg drfferent——chentgal L ypositensanddi-Herent
preparation nefhods. Catalyst Ais a coga%Fyscatoal yst Ldgﬁagy% 15%ca guppor t
having zirconip as a pronoter el ement afgdamgleréepar ed Exawpbe di ng tq Exanpl e

11 of EP- A 428PFdnp @k ak¥stsd 15 a 15 gobarfsratatyst—on gz—.}—ﬁ—a-m—a—support
havi ng manganese-as _a pronoter el enentl prepared in accordance with the
general met hodsPES¥eser Poedrbisn W99/ 34917 _@ﬂsi ng 110./50 &% titanig powder

(having the trpgEEAMLP5 cOoMEr ciatty | avajiapte frambegyssa)s—51. 49 of a
commercially 20 _available co-precipitated MiCo(OH)x with _a /[Co rdtio
STY, g/(l.hr) 148 151
Ch+ selectivity, &w 88 87
) Cl1-Cl4 selectivity, %w 9 9
( Cl5-C20 selectivity, %w 13 i3

The results set out in Table 2 demonstrate that the
Co/Zr catalysts prepared according to the present
5 invention can be successfully used as catalysts in the

Fischer-Tropsch synthesis of hydrocarbons.

Example 11
In the following example the catalyst prepared in
accordance with Example 8 above is compared with two
10 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
accerding to EBxample 11 of EP-A-428223. Catalyst B is a
15 cobalt catalyst on a titania support having manganese as
. a promoter element prepared in accordance with the
genaral methods as described in WO099/34917 using 110.5g
of titania powder (having the tradename P25 commercially
available from Degussa), 51.4g of a commercially
20 available co-precipitated MnCo(CH)x with a2 Mn/Co ratio
($atcom/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



(Y%atomlatom) of 5.6. This mxture is conpacted by kneading for 30 m nutes.
The m xture is shaped using a Bonnot extruder. The extrudates (1.7 mm
trilobe) aMOMY4POBW2 065002 PCT/ EP2004/ 050034 - 30 dri edcaterhdf@stgay 2
hours and cal cined at 550C for 2 hours. The resulting extrudates contain 20
w%Co, 1 W% M and 71.1 mt% Ti 02. The three catal ysts are converted into
active 5 Fischer-Tropsch catal ysts by reduction in the sanme way as for
Exanpl e 10 above. Followi ng the reduction, the preparation of hydrocarbons
is carried out by introducing a mxture_of hydrogen and carbon nonoxi de at
a H2/COratio of 1.1:1. 10 The GHSV, thé&’ reaction tenperature (expressed as
the weighted average bed tenperature), and the pressure are set according
to Table 3. Thélxdpdcet tidPeCyfer  (hSTYy, andexpreined ats 5§P a@stdrydr ocar bon

product per |itRfurgat atyesStresPBE i le@s rbdt@sUdbRga MPIdS woetyeen {he
particles) per 15 hour; the selectivity to hydrocarbons containing 5 or
nore carbon at Ofs2PEsil <e&Et T¥94-y), expressed as 9%t of the total

hydr ocar bon product thé hairsel estamidty hee Jwdeocdd boits eepi@d ning 11-14
carbon at %ms (CL1-Cl4 _sel ectivi t%’?, expressed. in % of the total
hydr ocar bons 20 5FBATICIEOPARd EREBISEFi Y GieRPChion Hidr he- eate mpdr 88ar bon

product, expreszedeksm¥wt 10f abdee .Cl | - C14 hydrocarbon product, were

determ ned after 12( ur.s of. operation. he results are_set out in Table 3
bel ow. WD 2004/ 065og%{1%§1*f’ﬁpgbﬁl? 033" -tl;ﬁlpr%‘r%abﬂ’ae“??‘ Bhtal yst Catalyst A

Catal yst B of Hegir8céQonpariat cye)iedConpanatinzedduditCa heedhrl brl. 1 1.1

hydrogen and carbon monoxide at a HZ2/CO ratio of 1.1:1.

10 The GHSV, the reaction temperature (expressed as the
weighted average bed temperature), and the pressure are
set according to Table 3. The space time yield (S8TY},
expressed as grams hydrocarbon product per liter catalyst
particles {(including voids between the particles) per

15 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 i1-14 carbon atoms (C11-C14
selectivity), expressed in %wt of the total hydrocarbons

20 product; and the olefinicity of the C11-Cl4 hydrocarbon
product, expressed in %$wt of the C1l1-Cl4 hydrocarbon
product, were determined after 120 hours of operation.

The results are set out in Table 3 below.



‘ratio Heliumcontent 15 15 15 of feed gas/ (%] Tenperature, C 221 221 222
Pressure, bar 60 60 58 abs. GHSV, 1200 1200 1200 | N/ (I.hr) STY, g/ (l.hr)
152 115 1700 ¥8H0E90%3 87 selectivity, % Cll-Cl4 11.6 9. BCDEP2004/050034
selectivity,%v Oefinicity 31 19 19 Cl11-Cl14, % c20-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

i mproved C11-Cl14 olefin yield conpared with cobalt catal ysts based on other
types of supports (such as silica and B'Lania) and prepared using

di fferent nmethods. Exanple 12 Use of a Calcined solid acid zirconia catalyst
10 in the reaction of hydrogen sulfi 't?_z-nethyl-l- pentene to the
correspondi ng nercaptan and subsequenﬁ@'ﬁe b the corresponding thioether. A

zirconia extrydate is preparedatislyyy [detarebbhodl desaganhed &0 Bxanple 7
except that a|l mmtrilobe die. &5igla&§ IS uged. Tf? dr¥ing and
cal cinations dre the sanme_as|d&6sctibed TR Exanpld [7'"OFRE“ 8L ¥Hck area of the
extrudates is |[MEaSOr éded 0 be|57. 712 per gramusing tha.1BET sufface area
met hod descri beditabove. The skel etal MO 2004/ 065002 PCT/ EP2004/ 050034
Helium content 15 15 15
of feed
gas/{%v]) .
Temperature, °C 221 221 222
Pressure, bar 60 60 58
‘ abs.
o GHSV, 1200 1200 1200
( NL/ (1.hr) -
STY, g/{l.hr) 152 115 170
C5+ 81 73 87
selectivity, 3w
€11-C14 11.6 9.3 9.2
selectivity, %w
Olefinicity 31 19 19
£11-C1l4, %w
C20-C39 alpha 0.91 1} 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 C11-Cl4 olefin
yield compared with cobalt catalysts based on other types

- of supports (such as silica and titania) and prepared

using different methods.

Example 12 Use of a calcined solid acid zirconia catalyst
10 | in the reaction of hydregen 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 37.7 m2 per gram using the

BET surface area method described above. The skeletal



- 32 density of the zirconia neasures 5.41 g per mM and the bulk density
nmeasures 1.15 g per m. The pore volunme neasures 0.316 m/g. The noisture
cont ent of Wh¥04/8sdwLidat es i s determ ned by keeping the ercrmdzmessamss 5 450C
for 2 hours. The drop in weight by the thermal treatnent anpunts to 1.03%
2449 of the extrudates are evacuated and subsequently inpregnated with

sul phuric acid. 300 mM of 1M sul phuric acid is inpregnated into the
evacuated zirconia extrudates in four steps of 75 m. 10 After each

i npregnation step the extrudates are dried in vacuo by raising the
tenperature to 150C by using a siliconéd2oil bath. The sulfate content of
the zirconia extrudates is determ ned by extraction of the extrudates wth
acetic acid hadsi§iayppf dire2ziqprnisyppaserasont éht9 Ferofltdred ddter act is '
determined by tijiakbemm tBasedidm. 1bydroxi de. The %99&6@& e sul phuric
acid of the dried extrudates is determined to be 7. 7wt% A?fter

cal ci nati ons fdieaPURBErS HE BEOT t HbesHPidtEecsmeant cdrops to 3.4 W% 20
The prepared calairad:slidqaesehiGridaby SkedpS ngefPé QiRGulBd &l eacti on of
hydr ogen squl fide with 2-_net hgl - -}{)entene, to the correspondin}r;g mer capt an and
subsequently to'thé EBF redip8nti ngd thPo8R hist WeAIht Y (f8fi EB%™dact or of

di anmeter 4 cm itsreithked amduhtsheo 25 0cat al ysty oFhendeixghtasfed heecat al yst bed
is about 10 cm__ A fltoc\ivapfd 12b5 NI gzr hour of nitrj%gjten ont ai ni ng 500 ppnmv
of hydrogen sul F1G&3 8% FHEs B4 P S Yt HPRFGR2ERS Wit SPYRYIHED t oget her
with a flow of &:ind. pap0 mlnwfelfsdphbiitiaticions alnprmegnaosd | yhtar omati C

hydr ocar bons s as _30_that .commercially .available from Shell. under the

t radenane SHELE@% exa(i‘f)?feq?'tﬁér?:%r}ﬁ/aeresx%%g%rfest i3 3/1'8? osécgﬁs %ﬁl-)ﬁ H'gL'at anbi ent
t enper at urfe vardfg=zrf pooh Strireg@4horTiseep orhee esk ondat@Eraiong dtidchénsane | evel
for a period of

vacuo by raising the temperature to 150°C by using a !
silicone o0il 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
15 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 wt%.
20 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 thiocether. A

cylindrical reactor of diameter 4 cm is filled with the

2
w

catalyst. The height of the catalyst bed is about 10 cm.
A flow of 12.5 NI per hour of nitrogen centaining 500
ppmv of hydrogen sulfide is passed upwards through the
catalyst bed together with a flow of 9 ml per minute of a
liquid centaining mostly aromatic hydrocarbons such as

30 that commercially available from Shell under the
tradename SHELLSQL A 100. The conversion of the hydrogen
sulfide at ambient temperature varies from 80 to 50%.

The conversion remains at the same level for a period of



WD 2004/ 065002 PCT/ EP2004/ 050034 33 nore than one nonth. The fact that t he
conver si on Q#%% " ‘5 reach 100%is due to the inefficient transfer of the
“hydr ogen sHYFGEYPPBm t he gas phase to the liquid flow WW’E’&’(?PW"BW%O t he
reaction of the iso-pentene with 5 hydrogen sulfide, formation of oligoners
al so takes place. The Exanpl es show that the zirconi a extrudates of the
present invention exhibit excellent crush strength and are suitable for use
as catalysts or catalyst 10 supports in a wi de range of chem cal processes.
34 - CLAIM5 1. A process for preparing g calcined zirconia extrudate
conprising zirconiumand one or nore other elenents selected from G oups
IB, IIB, IIlB B Vv VI | n f 'chIeof
El ements or 5 tnhernglrjl%/lﬁaorﬁedlélgng%d Egt@ |ﬁ?¥e thal tﬁ@%oﬁ%k?ddn sdt:chal f: a.
preparing a shaMblread@LﬂgW%whﬁc@%@ﬁpth%@@efﬁnmw azmdnkfl@adqfngha
particul ate zi grefeal n 0 h s selected
from Goups IB, "1l gaeﬁl%éﬂfj\é/BH@Etﬁ\E/l %&e\?%laggg%ga (\?L/FL(I:I &(;;E'?)he Peri odi c
Tabl e of El eneriis agflititre toahbhariadsionmef Abei Asetentane iwithsol vent to
obtain a ng Xt ung,H3YEATs@ f98k] 8520 BAto 01 Eam QLo H2% by wei ght, b.
extrudi ng the shapabl e dough to forma zirconia 15 extrudate conpri sing
zi rconi um and ohWé€%6r nore other elenents selected from Goups IS, |1B,
I11B, I'VB, VB, VIB, t¥|EkaafdeY! Howfhbhbethdesirahta Eaglakad@éeslilo&npnts or the
Iéi{];[. nglt Ceies antdheA%tr!eQtlargteslnvenglgno e(;{hlbg_éll %eﬁ?gntcaclr%sgl n’greng zireconia

and are suitable for use as catalysts or catalyst

[('l 10 supports in a wide range of chemical processes.



formed in step b; characterized in that the particulate zirconia conprises
no nore than 15% by wei ght of zirconia which is other than nonoclinic
zirconia. 25 2. A process according to Caiml1l wherein the one or nore
other elenents is selected fromthe elements in Goup VIII of the Periodic
Table. 3. A process according to Caim1 # 2 wherein the one or nore ot her
el enments is selected fromcobalt, iron and 30 nickel. 35 4. A process
according to any of Clainms 1 to 3 wherein the one or nore other elenents is
cobalt. 5. A process according to CCafhMSwherein the source of cobalt is
sel ected from cobalt hydroxide, cobalt acetate, 5 cobalt nitrate, cobalt
oxi de and m xtures thereof. 6. A process according to any of Clains 1 to 5
wherein the particulate zirconia conprises no nore than 10% by wei ght of
zi rconi a whi chliis ofhprotkan fronopkepecingi aconiaindd zircArdal ci ned
zirconi a extruda eFBégEared according to_.the Brocess of any of Clainms 1 to
i

6. 8. A calcinBl*Z SPUBPAF L ExFragal&ur 8p4r 8¢ 23cB8PFith Gt R he

process of anye@ém€h@kNBedetfel. frOn Arpupsess,f enppr enan,ngvas Cajgci ned
zirconia 15 extrudate _conprising zirconiumwhich is i npregnated with one or
nmore ot her el eWEBtsVEEBeanddVIfonP& bhpsPEBLofLB, TaplleBefl ¥BemgBLSVIOB, VI | B

Acti ni ded.  whi Eh° koaerr 2520 hand, ABLEATARS  “hohde T T B o dough
whi ch conprises m %i.ng ppdpkneadi agshapablecdbagh whiednicampirtikesa sol vent
to obtain a mxture having a total ~solids content of from50%to 85% by
wei ght , mixing and kneading a particulate zirconia and
a source of one or more other elements selected
from Groups IB, IIB, IIIB, IVB, VB, VIB, VIIR
10 and VIII of the Periodic Table of Elements or
the Lanthanides and Actinides, 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
15 extrudate comprising zirconium and one or more
other eiements selected from Groups IB, 1IB,
iIIB, IVB, VB, VIB, VIIB and VIII of the
Periodic Table of Elements or the Lanthanides
and Actinides, and
20 c. drying and calcining the zirconia extrudate
formed in step b;
characterized in that the particulate zirconia comprises
no more than 15% by weight of zirconia which is other
than monoclinic zirconia.
25 2. A proceés according to Claim 1 wherein the one or
more other elements is selected from the elements in
Group VIII of the Periodic Table.
3. ‘A process according to Claim 1 or 2 wherein the one

or more other elements is selected from cobalt, iron and

30 nickel.



b. extruding the shapable dough to forma zirconia 25 extrudate, c.

i npregnating the zirconia extrudate with a conpound of one or nore other
elements selected fromGoups IB, IIB, 11IB, IVB, VB, VIB, VIIB and VIII

of the Periodic Table of Elenents or 30_the lanthani des and Actinides, in
the presence of aliquid to forma zirconia extrudate inpregnated with one

or nore other elenents selected:%ipn16?ou s IS, I1IB, 111B, |IVE VB, - 36
VIB, VIIB and ¥ I o4 Fod THE HHhI & A1Y EPenfeh?s08r 1t e BahPRERIBes and

Actinides, andpd.ord HNGnand S N Nend hes 2 £ coph gy extrudate fornmed in
step c; 5 characterized in that the particulate zirconia conprises no nore

than 1.5% by \ei ght? afrodesomiecantdicls i o dtheim 4 helmenehocthai eozicreonta.
10. A process agcgrdi.ng t i er el 0 nor her el enents
e o s O e G R 4 Y SER - Ple. perFall corabr

is selected fromthe & éments 1n oup " Peri o €11, A
process fccor @iokg 1tto rGlw@iand aroddl whetedd dhe Bhetubss noxrerabher el enents

is selected fromcaobalt, iron and  nickel. 12. A(gropess according to any of
daims 9 to 1P -whefeiRFOCRF Y REGHE G ntR? @Y het el ehBRty F9 eoshrreinz. " A

process accor g 5.0 GAI IR MIIGLIL (Nonbi WS n6oRBLE PRERUTROT,LS

sel ected froman aqueous solution a cobalt salt selected fromc
nitrate, cobaleightetcet eimaiyald wWhyidrloxi slegtlaend that unesothiengof. 20 14. A
cal cined zirconi a extrudate prepared according to the process of any of
Claims 9 to 1%3*£8™*& cal ci ned cobalt inpregnated zirconia extrudate

prepar egpaccordi ng ot @QcAinadZ fcdbia extrudate prepared according to
the process of any.of Claims 1 to 6.
8. A calcined zirconia/cobalt extrudate prepared
according to the process of any of Claims 4 to 6.
9. L process for preparing a calcined zirconia
15 extrudate comprising zirconium which is impregnated with
one or mere other elements selected from Groups 1B, IIB,
I1I1B, IVB, VB, VIB, VIIB and VIII of the Periodic Table
of Elements or the Lanthanides and Actinides, which
comprises the steps of:
20 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,

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

compound of one or more other elements selected
from Groups IB, IIB, IIIB, IVB, VB, VIB, VIIB
and VIII of the feriodic Table of Elements or
30 the Lanthanides and Actinides, in the presence
of a liquid to form a zirconia extrudate
impregnated with one or more other elements

selected from Groups 1B, IIB, IIIB, IVRB, VB,



16. Process for the preparation of higher olefins having 25 from 11l to 14
carbon atons conprising contacting hydrogen and carbon nonoxi de under

Fi scher-Tropsch reaction conditions in the presence, as catalyst, of a
calcined zirconial/cobalt extrudate accordi.ng to Claim8 or a calcined
cobal t-inpregnated zirconia extrudate according 30 to Claim15.

VIB, VIIB and VIII of the Periodic Table of
Elements or the Lanthanides and Actinides, and

d. drying and calcining the zirconia extrudate
formed in step c:

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

10. A process according to Claim 9 wherein the one or
more other elements is selected from the elements in

10 Group VIII of the Periodic Table. '

11.. A pfocess according to Claim 9 or 10 wherein the one
or more other elements is selected from cobalt, iron énd
nickel.

12. A process according to any of Claims 9 to 11 wherein

15 the one or more other elements is cobalt.

13. A process according to Claim 12 wherein the liquid
cobalt precursor is selected from an agueous solution of
a cobalt salt selected from cobalt nitrate, cobalt
acetate, cobalt hydroxide, and mixtdres thereof.
20 14, A calcined zirconia extrudate prepared according to
the process of any of Claims 9 to 13.
15. A calcined cobalt impregnated zirconia extrudate
prepared according to Claim 12 or 13.
16. Process for the preparation of higher olefins having
25 from 11 to 14 carbon atoms comprising contacting hydrogen
and carbon monoxide under Fischer-Tropsch reaction
conditions in the presence, as catalyst, of a calcined
zirconia/cobalt extrudate according to Claim 8 or a
calcined cobalt-impregnated zirconia extrudate according

30 to Claim 15.



