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WO 2005/ 030680 PCT/ EP2004/ 052379 1 TI TANI A SUPPORTS
FOR FlI SCHER- TROPSCH CATALYSTS Field of the invention

woheosioswesnt i on rel ates to shaped titani a catal Pei/EP2004/052379

carriers, catalyst precursors or catalysts, and to a
process for the preparation of hydrocarbons fromb5
synthesi s gas using the new catal ysts. Background of
the invention The use of titapyﬁﬂgor titani um di oxi de)
as white inorganic pignent is well known. Two
processes are used to prepare titania on a conmercia
scal e, @ﬂg% I . [ ess" and

t he "su?p a é %ﬁ%gé@g}gRgggbﬁﬁ%gﬁﬁﬁgﬁdggée I"mann' s
Encycl opedia of Industrial Chemistry, Fifth edition,
Vol . A20, pages 271-281. Beside the use of titanic as
a prijgkedatef tties eiaventbbiso ot her applications. One
other application of titania 15 is the use as

cat al ysthRafrvert iqmerekalseade perdratencentarcatalyst
giv S ng
R e L
norphotegy fandchidepsegeratidmeopatydodescrbdNanosiaed

Ti 02 gartigles are of particular interest because of

t hePY SR} i ¢35 1 ySing She New AR piloherti es.

Pol § LEtaRkay occur naturally are

rutg - Péuﬁ 6# £y ﬁg@ﬁt%ﬁﬁ Nanosi zed titania,

obt ai nethavhese po£pat eania a(@ conteet oimal d jpexoicdss, a$ swhite
conmonl y apat ase. Wien usi the chl ori de process, u

to P55 N G PHITFRE chh B &F%‘ﬂ?j B oKpfecpases ar used
SONEd | BSpd P& Mt ah 12 SHRI 4 QYA IL] 26 A4S FONAMMOPP the so-

Anat ase transforns to rutile under certain
cormall@nh_s‘,‘c}slmhi@s brotess] Amdttilon “sehpeatae upescess”. See

20055 DatBBE PO EPbbDIF o827y abedia o 1nadltfial®

Chemistry, Fifth edition, Vol. A20, pages 271-281.

Beside the use of titania as a pigment, there are
also other applications. One other application of titania
is the use as catalyst carrier. The uses and performances
for a given catalyst application are, however, strongly
influenced by the crystalline structure, the morphology

and the size of the particles. Nanosized TiOp particles

are of particular interest because of their specifically
size-related properties.

Polymorphs of titania that occur naturally are
rutile, anatase, and brookite. Nanosized titania,
obtained when prepared via a commercial process, is
commonly anatase. When using the chloride process, up to
20 wt% rutile can be formed. Brookite is sometimes formed
in small quantities as contaminant. Anatase transforms to
rutile under certain conditions, such as high calcination
temperatures, since it is the more stable polymorph of

titania.
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The preparation of hydrocarbons from a gaseous
m xture conprising carbon nonoxi de and hydr ogen

wOyosbesd s gas) by contacting the m xture w t RCWEP2004/052379

catal yst at elevated tenperature and pressure is
known as the 5 Fischer-Tropsch synthesis. Catalysts
used in the Fischer- Tropsch -synt-hesis often conprise
a titania based support naterial and one or nore

EFé?rL?ltéHé) %H\Mr{‘rom he Olé:g?"%ggr gfurO%Poaptqaosr?aql‘}sy

in zmnmnmtcmpmst:rngarteamorn@croezdimoad il axjdiesgeand/ or
netals as pronoters. Particular interest has been

gi v%ﬂ’%@%‘%ﬁt%l%ﬁs‘ﬂs %rﬁﬂqtﬁqzrglr@oﬁé'ﬁ mexttue with a catalyst
Cata?‘é yéié;\?iﬂé’d %{H é)ﬂf ' ns,at]inoor‘]fmwatsh the
ers sel ec rom zi

nore pro rconrum

tltEchher TtopEdung yivaradi umcancth Itganes®l in the Fischer-
espeC|aIIy najgﬁ;ese 15 and supported on a titania
car IT%EPSC*Bu%‘fP Sy Qi &y COMHGET it tiHeaka Rafehaupport

iy & een\é]calgqef |ca§d|]'gﬁtv@3 & the

I nt er nat| ona pat ent application

WO Fe 197023 1Taddrd taefl EStea:teeﬁ:spatemﬁecmb]ly Catonort¥o.iron
US- A- 4595703 and gaQopean Pat ent, 20 Appl i cati ons No.

06 B, PRINPIFESa) 50y o W@’CAO&BQSI?@B A QY Brgre metal

Ui AP de SR SALAYSIS Y hoteAld O UL 6 ANAAS o1

rati os e condi tions in conmercia
pr dcts degen helveEl soherathrlopsch d(ﬁt;zztmmmg/lcmmtsltalamsuhe

equal unt 5 water and arafflns
padert EhPCRtInt 19T o BRI S Thet o Biasdt 'igh one

| ar(ﬂle RS N SorRft St LB ddct i %n@dziﬁcfﬂ}?ixﬁﬁ MUI8Ssanium,
whi ch has been shown to influence the perfornance of

cobzhrorckume ysamsadinm arat ingngafesgay S spdeiraleamsingdnese,
may_ result in a decrease Qof. activity 3

ceitd TR e T B dE i s y b PHealvpes axe
Onecrifwit hen wwvanied JieBatd@ndeh tdwsdOiwed,i ofbr Afxample in
CoTi 03, which is difficult to reduce under Fischer-

Tr dgs hoRRM 13O P fevig- aimadri ansl (Rakant application
' e%ﬁﬁﬂf&é&%%@.o%—%-oﬁﬁ%fﬁ/ %Dr?lope% Ossr.zg’l,jegs patent

publication No. US-A-4595703 and European Patent
Applications No. 96203538.2 and 96202524.3.
US-A-4595703 describes titania based catalysts having
various rutile:anatase ratios.

At the conditions reached in commercial practice, the
Fischer~-Tropsch reaction yields almost equal amounts of
water and paraffins on weight base. Consequently, the
catalyst is being exposed to large amounts of steam at
elevated temperatures, which has been shown to influence
the performance of cobalt catalysts in a variety of ways,
for example it may result in a decrease of activity
and/or selectivity and consequently, in catalyst
lifetime. One of the unwanted reactions is the formation

of CoTiO3, which is difficult to reduce under Fischer-

Tropsch conditions and even under the usual regeneration
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- 3 conditions. Furthernore, water vapor causes the
irreversible transformati on of anatase to relatively

woaog@sganticles of rutile, resulting in a decrPease2000/052379

the surface area of the catal yst and a deactivation
of the 5 catalyst. To inprove the resistance of the
catal yst against water vapour, several solutions can
be applied, mainly focussed on the nodification of
the anatase support. From litefature it is known that
the (hydro-) thermal 10 stability of anatase can be

inprong? by nodification of the anatase crystals by

medr NGt nt%‘_“% N RS @??e?r‘@%ocﬁ%%.t%ese
horpgengois; I T » GOTRORRIE 1 OX1 HeSn Shove L gh&l1tively
anatase-rutile transition tenperatures and thus an

i npraovgel sanbhidcley of tiei bwmateseulrirst als.a ldecrease in the

Depending on its concentratjon, also nganese js a
nel T KO Bt G o 48 b7 F1 67 A | by TORCETA T HeR e the
espegi . .y bel ow 1.5 nol % nanganese ions are
incorporated in the TiQ2 structure and the anatase

phase Tc Staeve sete 1eeistaritghef Wonceatakisorsgainst

part of the 20 manganese is. segregated on the surface,
BN HRE (TRPPRE 7 1 O KRt AT S b et il &F FpH € | BRLNLY

of £he, POLY Ok P& Uhbd £5 1 ¥ £ 157 thee MPstase su%port. From

thernodynam cally stable TiO2 form seens the nos
prohd sermgtuoet &t Howewewn thatisthf fhydte-) othermal

synt hesjse, 25 panosized rutile particl which_is_a.

C eqURTRIEAEY (01 SBBt AT FEF HomoUBHESURT i oot Calion of

di spes gt €gbal &rysed B %j{rsmeﬁ%t@_ﬁrcﬂ@é@mté heumtabesio,,

particles are ditficult to shape into a suitable

catzryst astipRDs 03 . Thite ©b) kohogEnddigs prebeht comyenenonoxides

is to provide a hydro- 30 thermally stabl e shaped

ti tsinda sippertanabisd-doeslaotraneguioe téepesatofes and

doD@Qﬁ?'aX“iﬁgggég Ogggbf§§égpggoéég5§§ggage crystals.
Depending on its concentration, also manganese is a well-
known anatase stabiliser. At low concentration,
especially below 1.5 mol%, manganese ions are

incorporated in the TiOo structure and the anatase phase

is stabilised, but at higher concentrations part of the
manganese is segregated on the surface and the rutile
formation is accelerated.

Application of the polymorph rutile, which is the

most thermodynamically stable TiOp form, seems the most

promising route. However, it is difficult to synthesise
nanosized rutile particles, which 1s a requirement for
obtaining homogeneous and good dispersed cobalt
catalysts. Furthermore, the rutile particles are
difficult to shape into a suitable catalyst support. The
object of the present invention is to provide a hydro=-
thermally stable shaped titania support, which does not

require the use of dopants.
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Summary of the invention It has now been found that
t he above can be, achieved by using titania as shaped

woav@logedso carri er, wherein at |east 50 w % of PCIAEP2004/052379

crystalline titania is present as 5 brookite, and
wherein the carrier conprises between 40 and 100%
crystalline titania based on the total weight of the
carrier, preferably between 70 and 100 % It has
particular been found that the shaped catalyst carrier

|s sUfhyrsubtablhe {Qredine,preparation of catalysts or
-cafd%yzf—prtufSﬁfs—toﬁp sing a Goup VIl netal
or a Qoupa¥l how netent mmuﬂcbtlﬂh&aaodmtdjmrm&achleved

been found that the addition of binder naterials
r estl t4S1RTebehanhdras sthanfércatabett e ar iR, ¥herein at

b
LSSt ohLy el 0, SAAPLORL CIIVEL 1 drofune oo
corbrowiestepl gnervicensganitee nedrtXer bismierises goeween 40

cont i nuous pol g;rrer matri x, of a pol yol ef| n. It has ,
mor& et OBt eRr Yobatl ittt kateased o» VReytotal weight of

SU'E@@|8a£9£e£he f@fﬁﬁﬁ*ﬂ E%e@%df@éﬁgQOféo wt° Lt has

conprising ~cont ctl ng a mxture of c on nonoxi d
an@dwﬂxogiaarZBeamtﬁmum‘,ttkvaaﬂ i me bs;/hat;e@hhccta’omly\st hcarrier is
hydr ogen at el fvat ed erature,

destT Yt FBACBPLENECT nVéﬁﬁt %?P%W}%n‘?fs cﬁ%@%l-‘f%)ﬁﬁdor
thaéiwfﬁsﬁ' ﬁf@b@rééxé‘s@(ﬂnpf‘i?y na %r&@ﬁs\g’lfﬂ Méﬁ/%l or a

brookite Is present, the cata 25 or catal yst
pr e@msprvtbﬁpme’sahgcmmmuqh VIt Ihaet hronemeéaé been found

ShaDSAr ol SERESoM & SISt AT AL i e pren

St&Réfétyt%@ﬁ@e93§ﬂay@@35aﬁ dey &t scies - HI@@@Ehsu€@§El9nbe1ng
condi tions. An additional advantage is that shaping

30 ahelmarganat beRders ¢ o mee %@¢tgrxt¢%h@@rblnder, the

npee EhBLYBL £8 LT S AN LLDBAL L0 Bl B

form
a phoeess, @bg[ehncﬁﬁtﬁhu6msQ@élyﬁéﬁsm@t31£06ﬂﬁﬂ poDPvlefin.
a powder, each WD 2005/030680 PCT/ EP2004/ 052379
It has moreover been found that the catalyst is very
suitable for the preparation of hydrocarbons comprising
contacting a mixture of carbon monoxide and hydrogen
after activation by reduction with hydrogen at elevated
temperature.

Detailed description of the invention

Applicants have found that when titania is used
wherein at least 50 wt% brookite is present, the catalyst
or catalyst precursor comprising a Group VIII metal or
metal compound, prepared with the brookite containing
shaped catalyst carrier, has an improved hydrothermal
stability when used under the Fischer-Tropsch reaction
conditions. An additional advantage is that shaping of
the material results in mechanically stronger shaped
catalyst carrier than using titania in the anatase or
rutile form. The term ‘shaped’ relates to a process

wherein catalyst particles are formed from a powder, each
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- 5 of particles having a particular shape. Suitable
processes are spray drying, pelletizing,

woehBsak)gsn essi ng  and extrusion, preferably spPay/EP2004/052379

dryi ng and extrusion. Coating processes, e.g. spray
coating, dip-coating and 5 painting are not i ncl uded.
The vol une of the shaped caraﬁygt carrier particles
is suitably between 1 and 250 nmB, preferably between
2 aﬁﬂ;ﬂfﬁtﬂuﬁhs|hmvangpmeﬁxxaﬂﬂquﬂxﬂ\Mﬁﬂpe4 Sud 20 18718,
espeC|aIu¥ in the case _that an rysi,on process is

us&.0q95¥ a§§e§p§|ayc:9§é(lm't L&y Gy | 1’1’ Geed pgEpsing
t Ney Y &A98, P ?Jr%i%x%%l‘ys sp%laaﬁ q}% %tg Re rﬁé&ﬁhon

500 mcron, preferably between 1
shdpet icet an;m:tessmﬂooret opr efpereablop addmgy,i sie;p—@foatlng and

ﬁg%ﬂge jg%{gﬂ%hlog mﬁ@%of C y alline t|t F%é éhaped
bi rtdaecralgﬁstd%sacﬂfl@cd ﬁ%ﬁ:ltq‘@leg"'elst 'sttﬁrﬂa%l%wbte@c*%}e)éd“&ls a?Hd

| east 60 wto present as brookite. The titania may be
pr Nt trH0%AS, dearkdd @ Riefieaking amdmst 90

@6present as brookite 20 and nore preferably at nost

80 pidfie FEEL yorseRes anGnd Gt em3,ofe speeakilliey can e case
di sti ngui shed from ot her nnrphologles by using X-ray
di f?f}aé'ctarrbr?%%ﬂé%ns PLacessy s lfs e, ndéé)@uS@@d:%ahl case

th S ! %r}e/aﬁfdray tté ‘ﬂ'se%ttqge Mr%l&%el ze 1is

tltanla drtherhor e conprise rut préTerab y
I n gt dkaing b adfwdarorh Giricdd HD Wi%raomr @refreefadrlablbetween 10
the range of from5 to 30 w% The titania nay al so
corftd & WA preferably in the range of fromO0

to 10 wiph Jpre Prefenafly duphddie 65’]:%9.%1%&)1‘: QO 3%es of

to 5 ww% The total of “the three pol ynor phs “brooki t e,
r uthd tevesard mamemn vt % yqoﬁ cad i sk aalnioiunet ttlaa:tﬁ@% afhe non-

e AT RUSREIY 0 bl shaped, catel vt searler,
anmBEcofbed below.

The titania suitably has at least 60 wt% present as
brookite. The titania may be present up to 100% as
brookite, pfeferably at most 90 wt% present as brookite
and more preferably at most 80 wt%. The presence and
content of brookite can be distinguished from other
morphologies by using X-ray diffraction analysis, as for
example, described in the article of A. Pottier cited
here below.

The titania may furthermore comprise rutile,
preferably in the range of from 0 to 50 wt%, more
preferably in the range of from 5 to 30 wt%. The titania
may also comprise anatase, preferably in the range of
from 0 to 10 wt%, more preferably in the range of from O
to 5 wt%. The total of the three polymorphs brookite,
rutile and anatase will typically amount to 100% of the
titania present in the shaped catalyst carrier. In

addition to the crystalline titania, a certain amount of
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WO 2005/ 030680 PCT/ EP2004/ 052379 - 6 anor phous
titania nay be present. Suitably this anount is |ess

woOhes/08@8m % based on the total weight of titaRC&EP2004/052379

preferably less than 20 wt% nore preferably | ess than

5 wW% 5 The primary size of the brookite particles

can be determ ned using XRD_I| i.ne broadeni ng

techni ques as described in, for exanple the cited

article of A  Pottier here below a
h|@WQF@§8P§tFéﬁapﬂéngﬁﬁs§?oﬁréﬁééﬁroﬁuﬁﬁépéycébQS amount is

(HRIEM + pahsg ot e smppRg) Bgytﬂé ‘EBEE&E%F%BE e;fgtltama,

particl es can be &etern1ne usi n in
thgrpﬁemabaWIaessomdmmianswtalfmerenpreWBEQbaboge%s athan
brookite particles are obtained, nanely spheroida
paPtW@Pes or platelets. The speC|fic surface area is,

among ehaeps m%%e"sf{‘z%e%ﬁb)éhlahﬁrébﬁt@f FEF%iEﬁeﬁr 1B Yo
particles. The size of e primary partfcle o
br dekietrarinedpusfiegaRp ilineherpadgeiaf techni@u@s BG@0

nm_ nore preferably of from2 0O .nm Pr bl y
t h&eSGd dténﬂa%gﬁyﬁﬁﬁgp §'aFg oﬁﬁgﬁgeérﬁﬁc &HF&
of plir€h4r HR AN HRAUGOUS S8l UP ggt-e@sazqwenl %‘a%s?rﬁ's%lon

or perchloric 20 acid of at M wher ei'n brookit
paeﬂe@t&&nanacrb&mm@y uﬁRﬂﬁmnnDR&sbsth@hmompMMMdgy of the

pa |cI are | | at ed, ter washin

S 2 X by Bel g SERred: Pt AR and
t h@>e'p'e'ﬁ%un/§ S feak %re@s%mll%nofco%%ﬁn@et kad fdent
prepare nano-sized brookite 25 pol ynorph of titania
acm@m@hqjdggaﬂan|hﬂﬂ9hﬂ¢@npa$tldé§©rﬁmedOb¢a4H@ﬂﬂ|H§mely
et al 1121

SusHHEECRSR Bor ey ﬁ%ﬁp&&?&?ﬁs&sbﬁ%efs@ﬁ& d¢bursace

Metheds i@f, RERRA idthedsshaped raahaldy sty eakl is@lze3®f the
i ncl ude spray drylng, pressing, extruding or otherw se

f obgiimgry grearrdicdresor Té@@e@dcéattéley@trlmardamr;@cle of
Pr 3438 em%.t rplr%l J:ncttbQ.yV 3 W %%%%S o qﬁromc ard &d 100 nm,

more preferably of from 20 to 70 nm. Preferably the

brookite nanoparticles are obtained by addition of TiCly

to an aqueous solution of hydrochloric acid or perchloric
acid of at least 2 M wherein brookite particles are
formed by thermolysis. The brookite particles are
isolated, after washing, by well known techniques such as
centrifuge, filtration, drying and the like. A suitable
example of‘such a method to prepare nano-sized brookite
polymorph of titania according to this invention is
described by A Pottier et al., J. Mater. Chem. 11 (2001)
1116-1121, which publication is hereby incorporated by
reference.

Methods of preparing a shaped catalyst carrier
include spray drying, pressing, extruding or otherwise
forcing a granular or powdered catalyst or catalyst
precursor material into various shapes under certain

conditions, which will ensure that the particle retains
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conditions, which will ensure that the particle
retai ns WO 2005/ 030680 PCT/ EP2004/ 052379 - 7 the

woeesldoasy shape, both during reaction as wel | PaS/EP2004/052379

during regeneration. The preferred nethod for
preparing a shaped catalyst carrier according to our
invention is by extrusion, especially if the catalyst
is to be applied in 5 a fixed bed reactor. If the
catalyst is to be used in a slurry reactor the shaped
catdhystesalbing sshare, d%%r%ﬂnq)rwwrbya%m@yf as

drykng,. . Th e nang- ' r ' 0 .
g e R o P M el nibd Bl fpring 2
of sitlgpag cdbapystubsianiénlacrmtdin®ftadsit i Dh@dntion is by
bi nder material. Nevertheless it is advantageous to , ,
add®sbERs bPhde?sPeat ekt bl 5 ithererra s huke wh vapplied in

nnrg.fiﬁQ&QGédsgééﬁﬁbrpaffjﬂﬁé'c£%51§%%p§§6€ t@%yﬁésd in a

carrier nmay Sul conprise up to of anot her

refshctoyyrexcder tte tyhipaped | yateany phousrsidrcagre
alumna, zirconia or titania, organic glues, a clay

or REFBERAPI BRI EPRTDIORSSRIBY fife¥ i NYmt eri al |

prefer : 200% wel n t

wei ght a@%%#ﬁ%ﬁ%ﬁ%nﬁ? emn%%%e Sl\}%?%big % make a
pr eserabyyshased i catabysal wittneutn heir eeqgsi nareniasof adding
bi nder 20 where_the binder kes. u ess aggn about 30

wt 95 SPPerarbbiy FBENt hah & l%%% g ngpy gnaterial.

PreferabPlye PONt; ¢ 31 L0 MRt £5ddiis "PS €288 S5 QERDbYnds 45
w% vyet nore preferred 5-100wt % of the total shaped

catméystislippbnt orddhetsihika amdewdnnmone bshdenger shaped
m xture.may contain 50 wt% 25 or less,silica, .

r ot EESbYS L bttt ShaRe 68 bF TV Sk, CHOTLEE JhET crubFgPLY

5- 38oMb¥a 8! hifaro | B0 OfELST ot 02 RGHh &Y erd NLa cPERRT bk 5 6]

porosity and strength, binder conponents are mxed .
wi thypheallyaakrarghens i nglhed erd bimbed or elrfenighapi hgtanlia,
oper ation, added

e eRrebTs, SpREr ety decEorrlh at PLEERL e 8 B binder

sol gatE@L agXappbeerab Ui g 56! S0%HEe feoghal basadusm the
total weight of titania and binder material. More
preferably a silica and alumina mixture is used as binder
where the binder makes up less than about 30 wt%,
preferably less than about 20 wt%, more preferably about
3-20 wt%, still more preferably 4-15 wt%, yet more
preferred 5-10 wt% of the total shaped catalyst support.
The silica and alumina binder mixture may contain 50 wt% .
or less silica, preferably about 3-50 wt% silica, more
preferably 5-35 wt% silica. In order to achieve the
benefits of porosity and strength, binder components are
mixed with the titania starting material before the
shaping operation. They may be added in a variety of
forms, as salts or preferably as colloidal suspensions or
sols. For example, alumina sols made from aluminium

chloride, acetate, or nitrate are preferred sources of

the alumina component. Readily available silica sols are
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chloride, acetate, or nitrate are preferred sources of
the alum na conponent. Readily available silica sols

wanresidned005/ 030680 PCT/ EP2004/ 052379 - 8 pr ePermeen04/052379

sources of the silica conponent. In each case,
however, care nust be taken tog8awoid contam nation of
t hese binder sols by elenents that are harnful to the

achlue Er3aNBbnILARSER FREALS 14 F' cEXBERLAL . ArkabhoANdase,

ne eart cations an ur- C a AP’ ng ani ons

subhbweggrsukhatemase pet eatkenotsoasoﬁ)ﬂ cobaiamlnadebn of
Fi scher- Tropsch conditions, and hence
nlﬁhﬁﬁ?e@lpﬁerpﬁééérPﬁgeéﬁﬂﬁéFﬁstPéF aF@rhé%ﬁﬁBﬂeto the

op ?ELcEv‘éatE%' ?Je% T%%ﬁs% aped ,Gat akyst GapLh &r . PLkPLipgnd

ronally a cination, may very sdita
usadkb&ﬂnbheamt&p@aaubns ahdcauaﬁmsksonEamednglbmlons such
catal ysts suitable for the preparation_o

hy 880 84LB64E ﬁF&npgyﬁpﬁe§P§S@§§ of CPE&&F.&ﬁdﬁﬁ.EHSpéer-
kn%weps%ht nldi 8 ur%nash%%%erﬁgﬁehe aaaeﬁaaed in

r eact he shaped catal yst carrier after
cabeiepatiiowy $M@woatsufbacef@meaxbmpmeencﬁbaaMdch&@lysts.

n2/g (BET), preferably between 30 and 120,
bor s JBEURBPE Sy SBeCHEn s, 18PLHATG18H SEFGT

( , ef a
O i S e A s a1

copmepaeaummmlmf(umnﬂlwsm@albwpacnaﬁéycaawademts asuitable

tal Goup V11 of the Periodic Tabl
EI Renths TRAPRIBR AP 60t ATOCATE el mghests gas, a

'n%Ewé%ﬂaﬁiwﬁﬂdﬂnls'HM&MuGQPQE% Q&@e&h%%&b a0kdd Fischer-
a preferred catalytically active netal. 25 The

caflalopsichc orgacitsen -t Ales ﬁ@mdc@tama}wtcwrélera@fter
descri bed above and an anount of catalytlcally active 5
mecalcined igntsdew &f svetacs @r@aeb@.%e@ i20 emel Agfyec/g

?LéB 3g;&y§$’7 @%Fg?ﬁtlv%vfg?ﬁaﬁ ot@l awﬁﬂ% ﬁgre
esRRAiAld s 3BdNaY btk 0% and 0.50 cc/g (Np/T7K),
preferably between 0.20 and 0.40 cc/g.

Catalysts for use in this process frequently
comprise, as the catalytically active component, a metal
from Group VIII of the Periodic Table of Elements.
Particular gatalytically active metals include ruthenium,
iron, cobalt and nickel. Cobalt is a preferred
catalytically active metal.

The catalyst comprises the shaped catalyst carrier as
described above and an amount of catalytically active
metal. The content of metal is preferably in the range of
from 3 to 75 wt% relative to the total amount of the
catalyst, more preferably from 10 to 45 wt%, especially
from 15 to 40 wth.

If desired, the catalyst may also comprise one or
more metals or metal oxides as promoters. Suitable metal

oxide promoters may be selected from Groups IIa, IIIb,
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If desired, the catal yst may al so conpri se one or
nore nmetals or netal oxides as pronoters. Suitable

worwE030638i de pronoters may be sel ected from GPOUEP2004/052379

Ila, I11b, WD 2005/030680 PCT/ EP2004/ 052379 - 9 | Vb,
Vb and VIb of the Periodic Tablbe-of El enents, or the
actinides and | anthanides. In particul ar, oxides of

Maghes! Yj a%ﬁ ST, £5 LHANDILT, BAT Uy SEENEWUR v s or the
yttrium — I'ant hanum cerium titanium zifconi um

hafaritumi ddimorandml ah tisadides. TangdirticudBrgmoshdard o f
manganese are very suitable pronpters. Particularly )

pr ERINESd Wt 42 16iHe  SHEORGLENs PetitHe SgeaIdide yyégrium,

to l%ﬁ)teﬁ%%rn%ﬂ,g%eﬁhﬁl ystﬁ%an&%n,”%ﬁricﬁntiﬁﬁ,ng(;%&%gbﬂ,a&héarium,

i nvention ar'e mangariesé and Zi rconi um oxi

me tuala rdnaedyo tvairs diayh , b e hselnd cire d nH0 mbnopmEseu preVividr yor

VII1 of the Periodic Table. Rhenium and Goup VIILI )
nolive tegtlg Prametedsri Farddicrlsdilvabrel e npecth Matedi gpide

pl afipiyp L adi [ ial r

Th Ilarmur\?talrégf]‘il%?yr gﬁrl%It grgt%rqgségn?%%?cttﬁebz:faetpglritqﬂeg%atalyﬁS
suifteaablusd nirt e angseonft finven®.i®h toebMhantoneke and

preferably 0.1 to 30 wt% .nore preferably 0.5 to.20
wt G- EGO8 0 Rt -t RIS BiRsar PEPTIORE TehmAY &, selected

The: pster RIS arfed J¥ gty 3 9868 ¢ fi:¥Me. Rhenium

vanadi um nganese, rhenium zirconium and platinum

Pr efrel rGatbuprdiidll coidlienatiteds arre Qelvitic0dWrlGoRaiitable,
CoPt, or Pd. 20 The ,catal ytjcal.ly active .nmetal and

e oSt g PUREIEE Sy e ArOs HEed Corr e L L1y
shapedk S eMTIRC GRIAHINY oft QR U PP rAthe catalyst
suitable treatment, such as inpregnation and
deposisiidralphecimpitthe iremgerradt diral Y (e taodttalwist, i s
prepared m xi.ng a source of brookite td ¢l e o
anéyrffge&?%]@’ o(r' 1ca al yt ich:Ca‘1 l ﬁnozfc?t ip\}:lé(e r%taé%ﬁﬁ{d'g CJO 20 wes,

opticonal 1ve ned alhPrmilersodnead nthd ke dd gidt e Bird most
extruding the m xture to obtain a shaped catal yst

pr euafesred trrondte sy pikcalsdriAtRg fiPm omashiality
Caln%x{bagrieog]ec’, Sf}?é%rcium, zirconium and platinum. Preferred
metal combinations are CoMn, CoV, CoRe, CoPt or CoPd.

The catalytically active metal and the promoter, if
present, may be deposited on the shaped carrier according
to the invention by any suitable treatment, such as
impregnation and deposition precipitation. Preferably the
catalyst is prepared by mixing a source of brookite
particles and a source of catalytically active metal and
optionally metal promoters, kneading the mixture and
extruding the mixture to obtain a shaped catalyst
precursor after the typical drying and, optionally,
calcinations steps.

If the catalyst is to be used in a so-called slurry
Fischer-Tropsch process the catalysts are preferably made
by incipient wetness impregnation of spray-dried

supports.
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30 If the catalyst is to be used in a so-called slurry
Fi scher-Tropsch process the catalysts are preferably

woRadBs/03g0 i Nci pi ent wet ness i npregnati on of sprayAseioads2379

supports. W) 2005/ 030680 PCT/ EP2004/ 052379 - 10 A
kneadi ng/ mul I i ng met hod for the preparation of the
catal yst or a catal yst precursadr0 according to the
present invention using titania as catal yst carrier

can be ﬂekﬁggaﬁﬂg¢ﬁﬁpiiﬁﬁnﬁg%ﬂ@df?#Loﬁﬁ@g%§%§§?%F£§ﬁeof the

mxing (1) 5 tifania in"which at [east

cryseablyae ori eaphdailysprpsentirasrbacokirtitng(2) @he present
[iquid nd (3).a coup, VIl coptainjng compound,

on Shopalien) Bhife FiBERsR) 951 ReBRTkRE FateRETanBtnbe

of bbaubfnEgedompitQhy tAeMEXL U661 AH) LNGfNfls x5

dry?ng ofmthe ﬁ?gtﬁre ?Luselo obta%%gdégggg (g?? ﬂleng (1)
cal tinanisniof whhehnikt Ueasthb8- wobt af nede Thgstaflide

may, be any of suitable |iguids,know_jn he art, for
exaﬁﬁf@nﬁétéﬁ;pﬁﬁﬁﬁﬂ a?sagEBHEFE?'s&%L %silﬁﬁ%ﬂanapg (3) a
et hapghipandrpr esaRkhikgt e8RBousHcNwASCRCEE0RE; 14ast

al dehydes, such as propanal and aromatic sol vents,
sucharasaildvuéneolnbhesincbheeamenntanf pighédreded, to form

liquid.i water. _Typicall t.he.ingredjents,of the

m x u?éxgpgenﬁg?eah¥§an ﬁégigayﬁFgf?gn#%et%l§%Bre.thus'
m ngbesinpaef ghabliy) 201EiAAT16nt 85 9PHE1 RULESre DHAIB0
the nulling process, energy is put into the mxture

by eREa@efing apparatus. The nulling process may be

et orabty Hramdonts 80 ¢AAge o vikiTSof i e chmpyp in

i npuhei 8t0, t Bernexbupeedustog; t BemoL b} Ng12EHPLOCESECh as
there will_be a rise in tenperature of the mxture
durPaghaaeli ngthapelnandi pgoprBeéssketonednvenrhnapyacetone;

Co A o BB RS S UL AL e, s
as toluene. A most convenient and preferred liquid is
water.

Typically, the ingredients of the mixture are
mulled for a period of from 5 to 120 minutes, preferably
from 15 to 90 minutes. During the mulling process, energy
is put into the mixture by the mulling apparatus. The
mulling process may be carried out over a broad range of
temperature, preferably from 15 to 90 °C. As a result of
the energy input into the mixture during the mulling
process, there will be a rise in temperature of the
mixture during mulling. The mulling process is
conveniently.carried out at ambient pressure. Any
suitable, commercially available mulling machine may be
employed. The amount of energy used in the mulling
process is suitably between 0.05 and 50 Wh/min/kg,
preferably between 0.5 and 10 Wh/min/kg.

To improve the flow properties of the mixture, it is

preferred to include one or more flow improving agents
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enpl oyed. The ampunt of energy used in the nulling 30
process is suitably between 0.05 and 50 Wi/ m n/ kg,

wonefsasedsby between 0.5 and 10 WA/ m n/ kg. To | ROT/@PE004/052379

the flow properties of the mxture, it is preferred
to include one or nore flow inproving agents WO
2005/ 030680 - 11 PCT/ EP2004/ 052379 and/ or extrusion
aids in the mxture prior to extyrusion. Suitable
additives for inclusion in the mxture include fatty

' ./ ~Qu rnarty. anmgni um conpounds, pol yvi nyl )
SS}?§§AS% %%ﬁgﬁ%&éﬁigﬂgssﬁppﬁgﬁiWﬁFgBHSSBHgHFuﬁpaﬁétSUSlOH-
| odeniitebtenpadidsves! kylaigd1a598Rt i6 CAAPAYRESre include
acyclic nono-carbox¥llc acids, fatty acids,

sul pR&RAt eB1arsmaaPat ezpapBUAEBOnAlBOhohpSUhphat pelyvinyl

th :ahol S hated fats. and, oil s,

PhoSBFonLA e S ST Bl §ORbBP Ay neo P RyRBRGHE! and

pol yoryetiayl enmpahaabpl s1kF0apedyaxyRhBYEe€BBmpounds, acyclic
al kyl am nes, pol yoxyet hyl ene al kyl am des, '
poI%98P7F§ﬁb8é¥}lﬁoP9b¢§/aﬁatbyeﬁyldﬁichﬂybOhsted aromatic

di ti d he trademarks
Nl corbEARag] el ¥BieR Sy TRhA N o rhRE 21RPRAD: edLonptes,
is pukphated fatdSanacbule, i phbEEh&HXEUEEIdPERRESE O

extrusion, at |east one conpound which acts as a
pepPPSsYR§YSHBHECRBr 2t Relphenpia, PSLyeupeshpépnesahgohols,

OB BRI LR L A AL, TN, 8082 ancios,
conpolpdsryEzmiptes 061 paks cac@npostgseaie g0yanmeni a,

a ni a-rel easi compounds, anmmoni_um conpounds or
ﬁ?geﬁﬁ? e§@3g$%ﬁgga%¥% TOhPOBRE’T aflee r BrpdedanpanNalco
cal gh@asi;parang-are not retained in the extrudates to
inpair the catalytic performance of the final product.
Pref erréd dlatain conpoundsx @nedatgani Lt abs neseDérred to
A nost suitabl e organic am ne

i.um, 25, coppoungs.
s BUHHAGE Lot He. K HEH cDEEPH £ PRt TSR AgP ageht beast one
I nctoiieoMeaKwhich acts as a peptising agent for the titania.

Suitable peptising agents for inclusion in the extrudable
mixture are well known in the art and include basic and
acidic compcunds. Examples of basic compounds are
ammonia, ammonia-releasing compounds, ammonium compounds
or organic amines. Such basic compounds are removed upon
calcination and are not retained in the extrudates to
impair the catalytic performance of the final product.
Preferred basic compounds are organic amines or ammonium
compounds. A most suitable organic amine is ethanol
amine. Suitable acidic peptising agents include weak
acids, for example formic acid, acetic acid, citric acid,
oxalic acid, and propionic acid.

Optionally, burn-out materials may be included in the
mixture, prior to extrusion, in order to create
macropores in the resulting extrudates. Suitable burn-out

materials are commonly known in the art.
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acids, for exanple formc acid, acetic acid, citric
acid, oxalic acid, and propionic acid. Optionally,

wouoos/cesso mat eri als may be included in the 30rPaTEPN08/052379

prior to extrusion, in order to create nacropores in
the resulting extrudates. Suitable burn-out materials
are comonly known in the art. {¥W0_2005/030680 - 12
PCT/ EP2004/ 052379 The total anount of flow i nproving

agent s/ gxt rusi ai ds pLj sing agents, and burn-out
materia eithow(:j; alﬁ?%tjrgfpﬂe?"é'r]gﬂﬂ VNG ARt § serjerusion

of £1@ ! i f o)
0 5 e e T gt oo st hed R PUETR AR LS O ene

vei ghttofe theefexable. iExanpties vingsubf abtencat al ¥6t20% by

preparation nethods_as _descpi bed ove _are disc|osed

e b oneRs SRSt AT & & herifhohy setati ton the
COrbaé 06 NGF €REPEsNS]l Aaygeehat t1conporng-of Wi

| east 50% by 10 wei ght is insoluble in the an%\%%@%% of

t heSUigah e usalirl vah pPhepavdttbin ynekteods nas hdescribed above

kneadi n | ] nmet hod, o present invention.
Pr e‘?%% a%%i% & ela%tﬁgoé/o %?/ﬁgipght of the cobalt
conpounthé ssrdgelwbie i8 pherawaniy Hfcdp il doiseh ing

nore preferably at |east 80% by weight, still nore 15
pr 3RO at Aleasebabo, pympeinhtof Bxahph est ofeast 50% by

' b d talli ba 1 ,
cobaT T i OB ARt R L o B of SRl Eea, can
pr eéber et alsDpakded oimp ol Skids 21 0f Gl 21 Oig %%J%f the

amount of cobalt conpound present 1n the m xture

meyP TS i HETSAET9pi cRTeferalnky miak keaglonp?s sew wpight of

to 44 9 b tjve. t ot al,_,amount of R
cata %s&b@ﬁeﬁi% LF:’li/&lljosnylfl %&]E%tb e‘I'I%elr}elbtor%/ee DRt S pf L iauid
cohaded ) aiwre proefdunlbDy adt alaust s appaldigon, tdeill more
basis of cobalt nmetal, and can be deterni ned by known

el ka3l o33t ( Whkhgussighe o Expm ks TEMV sTheable
cohadiis COMMUMULARY are metallic cobalt powder, cobalt

hydroxide, cobalt oxide or mixtures thereof, preferred

cobalt compounds are Co(OH), or Co304.

The amount of cobalt compound present in the mixture
may vary widely. Typically, the mixture comprises up to
40 wt% cobalt relative to the total amount of catalyst,
preferably 10-30 wt%. The above amounts of cobalt refer
to the total amount of cobalt, on the basis of cobalt
metal, and can be determined by known elemental analysis
techniques, e.g. SEM or TEM. The cobalt compound may
further comprise a’ Group IVb and/or a Group VIIb
compound, preferably a zirconium, manganese or rhenium
compound. The most preferred cobalt-containing compound
is a mixed cobalt manganese hydroxide.

The cobalt compound which is at least partially
insoluble in the liquid may be obtained by precipitation.
Any precipitation method known in the art may be used.

Preferably, the cobalt compound is precipitated by
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further conprise a'Goup |IVb and/or a Goup VIIb
conpound, preferably a zirconium nanganese or rhenium

woaopmaedo The nost preferred cobalt-contai ni NGCT/EP2004/052379

conmpound is a mxed cobalt manganese hydroxi de. 30

The cobalt conpound which is_ai | east partially

insoluble in the liquid nmay be %btained by

precipitation. Any precipitation method known in the

ar @@ iser wfed bapeefoar gblbpsartrelestrding compound ite a

pr eci-pi.t.at ed WD.20Q5/ 0306 PCT/ EP2004/ 052379 - .13

DT AT o BadO P13 G ttel SR oD RuRd FB1E by the
soladdian of & SIMRE nGRRAxt J&! sif@l hexaRigy

the addition of. sodi um hydroxi de, potassium

hy dmndrde, VEeoniod, amme@ivgr camamviaim -c &myo satid.abdmy

sui t abl 5 sol |l e cobalt, co und. may be ed
rnﬁ%%%%%%%&c%m%ﬂ%WU)ﬁﬁ% bﬁﬁ?ﬁﬂ&%ﬂ@ﬂi
aceiiat@t I baRe RNt L taldogiity al®tate, more

Alternatively, the cobalt conpound may be
pr ecigfiqndy BpheHd addinsiten ltarradiigelor dhe cobalt

acid-re [ t: C t j.a . .
SRS, SRR RSP AT AD, of an act
sepat alreh dirpdike sselgitdoapourab ied,a didted.t afthonia
optionally, calcined. Suitable separation, washing,

dr a3 kare diecinfiatg idaieds et ldomsmaEneh &Ry iBe t he
art ' f..th S f.{h

pr esseé%ﬁsra{%ncg en%tom?{% %ﬁlélotg aﬁr{’ gﬂoa%phg.egffd Sdar(r)iLc? Q{'h(;%nd’
corqsiahadfly praaintietedretsali tatdl obdeiayed- iyn, washing,
co-precipitation, nost preferably by co-precipitation

at QAN IFR ! CRIFRASHROHT G AtCTBRt ahtkiQy ey the
be performed by the 20 controlled addition of a base,

a base-rel easi ng conpound, an acid or an

aci d- r elreasiengrbodiomendt tof dlrsolpndaEss cohprhiesipngpesent

2oLl Eobel L comaund andy s, 0l uile LCoBOUC, o oo

of aramii & thixta atididhistlidd Wy HofHe@litation, most
preferably by co-precipitation at constant pH.
Co~precipitation at constant pH may be performed by the
controlled addition of a base, a base-releasing compound,
an acid or an acid-releasing compound to a solution
comprising a soluble cobalt compound and a soluble
compound of promoter metal, preferably by the controlled
addition of ammonia to an acidic solution of a cobalt
compound and a promoter metal compound.

After deposition of the metal and, if appropriate,
the promoter on the carrier material, the loaded carrierx
is typically subjected to drying and calcination. The
effect of the calcination treatment is to remove all
water, to décompose volatile decomposition products and
to convert organic and inorganic compounds to their
respective oxides. In the process according to our

invention, the calcination is preferably carried out at a



25 conpound and a pronoter netal conmpound. After

deposition of the netal and, if appropriate, the
wonrasmsessoon the carrier nmaterial, the | oaded ear EP2r04/052379

is typically subjected to drying and cal ci nati on. The

effect of the calcination treatqygnt is to renove al

30 water, to deconpose volatile deconposition products

and nvert or ni ¢ _and inorganic conpounds lo
theltegn%reersapec‘ﬁ Ve oxtue<ends Lﬁﬁ"b t&ecorli gy tepre

our prd¥eaidion of | ®qr Y
out ‘at a WO 2005/ crg%%goﬁmﬁ BT B YAV b1y

t enpFETEtiace Ut tdte tramrgee:adfurfersomed;@&dm 5M6Qir@ 28 €C.
prefera of from?5Q0 to ing is suitably
carrled%g%ﬁ CHSG ‘H¥e§gﬁbﬁﬁ§8&¥§@gaﬁ@ tpgyst precursor
Af t ar. I |4

S ?ﬂﬂe@éﬁbl@ﬂ aéﬂ!ﬁrarteeﬂi iy Rrgalaly %hﬁ;g e ;cilértsatq_ystS with

|s pre rably activated by contacting
thydspdicsg et o dewm@g@mct@nmnm rggisgasty;ilmma) lat

0 to . The invention
|s a%@?%%%ﬁﬁ%eﬁi#g t?réé? ‘process wherein
t he Taet iivateed iGat QLSV%HS%S dl%%t@@isqc%' %e(i"lsjc@lérs—%%ch
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to catal yse the Fischer-Tropsch reacti on where

m x FCEEEE @&Kﬁ@ﬁlhﬁﬁ@xﬁ@élaﬁdedy@aagéwsmsasomemdedéscrlbed
I ffin r|S| t m xt ur.e of

carb%n%%0§0£fﬁé%§%i Rrdroge Sgﬁ§5" F8F§F$e§QH§gi9n wherein

Synbhm&u$ug@5xﬂﬁkﬁuﬂﬁﬂpﬁb@@xﬁﬂ@”bﬁdlQyGE%@%%)1s converted to

carbonaceous feeds, for exanple coal, bio-nass,

i nér BRLGME iy Hes 6ﬁ§$5ﬁ§l@ﬁs@é9§uﬁydrocarbon sour ces.

Pr ef ch b f (i
of © synthsele eeaeora ceehpn AEASARE GRS BBRRGR, "B1eo

gasre&srreuexe bee@gmmmks;saﬁber pakt bakpaxiedatlfirdh a
and/ r st O reforming, usually result in synthesis

gas ‘RYFR cﬁf aGRUSo & SEASahERE Exa@ﬁéﬁlpoﬁérabﬁ@ryﬁssr

900ﬁ15b§§ﬂ6611rQQ%QQlOﬁ%t@hﬁsbagéohgeh§ﬁ§ b33 Qhrces.
this type of catalysts

Preferred hydrocarbonaceous feeds for the preparation of
synthesis gas are natural gas and/or associated gas. As
these feedstocks, after partial oxidation and/or steam

reforming, usually result in synthesis gas having Hy/CO

ratios of about 2, cobalt is a very good Fischer-Tropsch
catalyst as the user ratio for this type of catalysts is
also about 2 but may be as low as 1.

The catalytic conversion process may be performed
under conventional synthesis conditions known in the art.
Typically, the catalytic conversion may be effected at a
temperature in the range of from 150 to 300 °C,
preferably from 180 to 260 °C. Typical total pressures
for the catalytic conversion process are in the range of
from 1 to 200 bar absolute, more preferably from 10 to
70 bar absoiute. In the catalytic conversion process

especially more than 75 wt$ of Cg4, preferably more than

85 wt% Cs4+ hydrocarbons are formed. Depending on the
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al so about 2 but may be as low as 1. The catal ytic
conversion process nmay be perfornmed 25 under

woamsmatdésonal synt hesi s conditions known in t heCamP2004/052379

Typically, the catalytic conversion may be effected at
a tenperature in the range of from 150 to 300 C

preferably from 180 to 260 C jFypical total pressures
for the catal ytic conversion process are in the range

of 3 rom1l t.o, 200 bar a | ut 1 refera fro
Totbe Y8 APUaEES  oB v Rt Phe enr EPL BrE! ot aruyahE ok
Preegesy waspechalh ymaprBet 0pNtdSc0t ¥ ®f Sbmetimes up to
preferably nore than 85 wt % C5+ hydrocarbons are

f onoedtsPDepaddspbgethmebeeWON2005L030680 wti5 Preferably a
PCT/ EP2004/ 052379 c¢at al yst ani t he Zonversion,
coR@PRlEnsatBRYSENBENESEE, Realy HAXCPCBBHOmdy BESHp

to 60 wt% _sonetines up to .70 0 nd sonetines_even .
up (EFPECABLIE0A - Pr oPEr BBEY 4OVEEBartlca IPYstorEchesl e 9
a |,QwqH2A6R-habi ochs gsedvBibeapgctakky férhatbnOVeR is

lower) and a low tenperature is "used (190-230 C). To
avpireé famyecdoke usemati ép/Cot riegioppéf ekr édass Osé-.aft is
H2/CO ratio of at least 0.3. It is especially

pr ebpecédlily paxefprsed tioe CRrE¥heBLTEDEsERSsCchesclirerpsch

G a6t A R B GATLED RATCG Br Ser SBCcarbairia Yalue,

at g%, the abtleasd @rIdvcter eketiall ytalleheast00c43bon
nore preferably at [east 0.945, even nore preferaglﬁ
at atemsy 1. es5lepsé GF920phpredeteblyr atdérpséd O Pomy more

th |_ut of; a 0 [

"B BiRR ATaiCh, €0, ERcpLodigedibi e Least
hydr.ocar.bahe Stredpheomaliuses aate deedsed3FratdtBG80-apsolute
preferably 40 w %

more preferably wt % The
Fi SEReRETIdpSan Fisk &S0 W%e&{ &Puﬁ?\? PFOSSS5cedLefErably
R LR B i, R N o
least 35 wt% C3p+, preferably 40 wt%, more preferably
50 wts.

The Fischer-Tropsch process may be a slurry FT
process or a fixed bed FT process, especially a
multitubular fixed bed, preferably a three phase
fluidised bed process.

EXAMPLES

The invention will be illustrated by the following

non-limiting examples.

Example 1
Synthesis of brookite

Nanosized brookite TiO9 particles were synthesized by

thermolysis of titanium tetrachloride in hydrochloric
acid. The synthesis mixture was prepared by adding 38 ml

TiCly drop wise to 1900 ml of a 3 molar HCl solution,

while continuously stirring. The final titanium

concentration in the synthesis mixture was 0.18 mol/l.
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fluidised bed process. EXAMPLES The invention wll be
illustrated by the followwng non-limting exanples.

w@30BEamsbe 1 Synt hesis of brookite Nanosi zed PComPR108/052379

Ti 02 particles were synthesized by thernolysis of
titaniumtetrachloride in hydrochloric acid. The
synthesis m xture was pr epar‘edl%y' adding 38 nl 30

Ti C14 drop wise to 1900 mM of a 3 nolar HCl sol ution,
whillhe coititivousiay seateidngndThgetli nal 100t i ddr 48 hours,

concentration in.the synthesis mxture was 0.18 nol /1.
WOUI665] G3G86REY] EPRTH058378 11 BanthReeso FatLBRen
m%é?&ath}%‘ig@%@&a%% %tar%%l@yf @h 48 R0y $n c%%@%lhtrated HC1
statically conditions. Al syntheses equi pnment (ex.
Nalegeheli swdd lear efadlelry ¢l eaned with concentrated HC1

and distilled water. .5 After ei ng the upper |iquid )

was dedditéd 29686 UPREF ol L4 9t _%Fé?a[“ﬁ@dﬂ g2stilled
sl Wk rangh < hRideld was thadiys e@lh@r?- And thed p2O¥as

solution of NH3. The Ti02 flocculafed and mgrated to

theddeistem e .wpparhl kgeisd swastdesartretisThirhenaso,
repeated three times in total. 10 After the’l ast

dedanridong ateep adids tiilgrad edater thes baddet. Toe hepEir02i quid
slurry and 20 m of a solution of 10% NH 4NO3 was
added dprarGdredidisurey weperitrdetbdesy éimesiehketal -

2

filter for i Lt
i Ao e Ry Do TR B ey “Eken 83, added
15 tabttdienad dyy sdnyrinyg anlde 20i hleo fcakeolipdoinf iof 10% NH 4NO3
surface areas (BET) were determ ned using a

Quartsaciddare Alcodorheg spparat wss Xidde rdidf fovact eoBlichner
YSi bt ai ned usi wder diff.ract
(PRIERSE PREBOSE SBRTaes fg Aon VeRe MReEELPe: hodd “eFeh

20 da nad ataiter. Eheirangodikidenaon twas Pt ween1201is
Zoa%ﬁiined by drying the filter cake.
Specific surface areas (BET) were determined using a
Quantachrome Autosorb-6 apparatus. X-ray diffraction
analysis were obtained using a powder diffractometer

(Philips PW1800) operating in the reflecting mode with

CuKa radiat‘ion. The angular domain was between 206 20 ° and
85°. The XRD-patterns were analysed for phase recognition
and Rietveld quantification. Transmission electron
microscopy (TEM) pictures were obtained using a JEOL 2010
apparatus. Samples were prepared by grounding in butanol,
subsequently dropped onto a copper grid and finally
provided with a carbon film. Elemental analysis was
carried out on dried powders using the X-ray fluoresc<ence
technique.

Example 2 (comparative)

Catalyst preparation

A mixture was prepared containing 2200 g commercially
available titania powder (P25 ex. Degussa), 1000 g of

prepared CoMn (OH) x co-precipitate (atomic ratio of Mr/Co
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85. The XRD-patterns were anal ysed for phase
recognition and R etveld quantification. Transm ssion

weherstseso ni croscopy (TEM pictures were obt aPQ&aP2004/052379

using a JECL 2010 apparatus. Sanples were prepared by
grounding in but anol, 25 subsequently dropped onto a
copper grid and finally provi 390' wWth a carbon film

El enental analysis was carried’olt on dried powders
using the X-raa/ fluorescence technique. Exanple 2
(cohpal eI ve) 9080y Gaf at vy twigh aualnatimgnl Aldodhol esvdstion and
prepared_containi ng 2200 rciall ava'%able
e (e €0 e T i’ o8 2pr dpaean
CoM L) X 1500101 £0h Pi 4 b8t ( abrdingi F1athed ofs MALOME 5o
2005/ 030680 PCT/ EP2004/ 052379 - 17 is 0.05), 900 g of

a 5l8umapat§vi nie al ephodn signiitiiom aileddI)a bl theomix was
congi sting, of ,.300 g water and .22 g, of an _acjdic

pep #zé n‘%ge%?? t‘_fﬁ‘?(_tmse %%éﬁs&&g faori'I%nCh Bonnot
i nettesuddhe $@ss1 08d TR 10Mm (1@ ofi tdre gilggWashed
33.0 wt% The m xture was shaped using a 1-i nc% Bonnot

exteXigerdateppiersl dwied asfar Zmhaund ¢k dAQy. °Thand calcined
ext e dried. for .16 hours at 120 C and
cal fcégg%ek??%\fg'zaﬂo‘ﬁ?gl.og? R/ea{r}i?eo]i%tliree@p'er at ures.

Exazm_riu%ﬁelg) Cat al yst preparation A m xture was
re

prepa usi ng brookite as synthesized according to
exdrplalyst L¥epataelels prepared containing 177 g of

br ooki t ' ' r ed . M X .

oo or s RS A e ol Yo Rl YR 00 ThVpesizea
2 pafordirgith cexpamilei DY Fagenit e wid3 praypieéd EbBtaining
m'xt_tjre was kneaded for 18 minutes. The | oss on

i gni t1 oh O LI9° Bt hedisd Rasigi.qo Bk 9% ofherhPReGrE
w o e LI O e PG e 0-09

f orarkd haprst afn acidic peptizing agent and 123 g water. The

mixture was kneaded for 18 minutes. The loss on ignition
(LOI) of the mix was 34.9 wt%. The mixture was shaped
using a l-inch Bonnot extruder, supplied with a 1.7 mm
trilob plug. The extrudates were dried for 16 hours at
120 °C and calcined for 2 hours at various temperatures.

Example 4
Thermal tests

The thermal stability of the catalysts as prepared in
the Examples 2 and 3 were measured by performing
calcination experiments at temperatures varying from
550 °C to 700 °C, with a heating rate of 143°/hr and a
dwell time of 2 hours. The samples were analysed using
XRD as described in Example 1. The results are presented
in Table 1.

It is evident from the results in the table that the
catalyst prepared according to the invention has a higher
thermal stability than the titania catalyst prepared

according to the prior art. The catalyst according to the



20 120 C and calcined for 2 hours at various
tenperatures. Exanple 4 Thernmal tests The thernal
webteadsidodsy of the catal ysts as prepared in theCT/EP2004/052379
Exanpl es 2 and 3 were neasured by perform ng 25
cal ci nati on experinents at ten?eratures varying from
550 Cto 700 C, with a heatingl®ate of 143/hr and a
dwel | tiqe of 2 hours. The sanples were anal ysed using
XROreenddocr idved aiimsExvamyl ¢ 1tt1Ehe f ehll ten@fted CoTiOg at
presented in Table 1. 30 It is evident fromthe
r esulces dimatient dlshpetrhatirehef Ga0al°yst wiieparele prior art
according.to the.invention has a higher thernal
sté@F@#ﬁ%ttﬁgﬁtﬁﬁgstggaﬁié £8tast prepared accordi ng
to the prior art. The catal yst according to the WO
2005/ 030680 - 18 PCT/ EP2004/ 052379 i nvention contains
vemablliet trl.,e of the unwanted CoTi O3 at a cal cination
t rature of 650 C_while the prior art catalyst

cORBERAESHY Calg.CollB03. Table |. Cailé % % 96 3

Cat al ystten nat agsebr ookilt er uti.l e@304% ( CyCoTi 03 ,

Ex. 2550611 Ex"2 66%§}§§§%6i§&ﬁl§%5é9-4@%&%%9 CoTiO3

(°C)

EX. 2 550 61 = 15 24 0
EX. 2 600 53 = 22 25 0
EX. 2 650 2 - 49 1 48.2
EX. 3 550 - 70.0 4.6 |25.4 0
EX. 3 600 . 69.2 4.9 [25.9 0
Ex. 3 650 - 67.5 5.1 |25.1 2.3

Example 5
Hydrothermal stability tests

The hydrothermal stability of the catalysts as
prepared in the Examples 2 and 3 and calcined at the
different temperatures of the Example 4 were measured by
exposing the catalysts to Fischer-Tropsch process water
(mixture of mainly water and a minor fraction of organic
acids, alcohols and paraffin’s with a pH of 3) at a
temperature of 250 °C during 1 week. The experiments were
performed in a 400 ml stainless steel autoclave. The
treated catalysts were filtered, washed with distilled
water and dried at 120 °C. The samples were analysed
using XRD as described in Example 1. The results are
presented in Table 2.

The results in the table demonstrate that the
catalyst according to the invention is much more stable

under these conditions. While the catalyst as prepared
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Ex. 3550-70.04.625.40 Ex. 3600-69. 24.925.90 Ex.
3650-67.55.125.12. 3 Exanple 5 5 Hydrothermal stability

woess®3ddse hydrot hermal stability of the catal peTaPa®4/052379

prepared in the Exanples 2 and 3 and cal cined at the
different tenperatures of the Exanple 4 were neasured
by exposing the catalysts to Fischer-Tropsch process
water 10 (mixture of mainly watey .and a minor fraction
of organic acids, alcohols and paraffin's with a pH
of 3) at.a tenperature of. 250 duri 1 week. The
exp%%?%%{'%gv\g?eteh?)eéi‘lftorcr?elucjir}fe‘g igogﬁg sf:aiaﬁrlr@s%dy shows the
st epbrraat 06h aye. CdtEn s L raad e&éﬁ%@i?%isbéc%Hgn%‘ lttoerﬁ%
washed with distilled 15 water and dried at 120 C. The
sanptesemer enoert yeedstusi ngontRDias desoyi bed yi.n
Exanple 1. The results are presented in Tablé 2. The
results in the table denonstrate that the catalyst
according.to the invention is nuch nore stable 20
un&éﬂzhﬁe%e conditions. Wile the catal yst as prepared

WO ZO05Y b8d 1. % PCI/HPZ0047 052379 accordimg tpy

tHe art "cal ¢ined at 550 C jafready shows the| formati’on

off CoTi 03, {hempat|adrestaseciclorddRg tieq tutei 1l €981, | CoTiOg

invention still caontains Co304 only.| Table 2. Calc| o

%| % % % Cat ally§? t anp.
Ex. 2 550 43 - 27.9 19 10.4
Ex. 3 550 - 70. 6 5.9 23.5 0
Ex. 3 600 - 70.7 6.1 23.1 0
Ex. 3 650 - 69. 6 6.2 21.3 2.9
Example 6

The catalyst according to Example 2 and 3 were tested
for their performance as a Fischer-Tropsch catalyst in a
tubular reactor and a similar selectivity and
deactivation was observed. It can thus be concluded that
the present invention has provided a more thermal stable
and hydro-thermal stable catalyst than the prior art
Fischer-Tropsch catalyst without encountering any

decrease in catalyst activity or selectivity.
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anat asebrookiterut'il eCo304CoTi @3 (C) Ex.
255043-27.91910.4 Ex. 3550-70. 65.923.50 Ex.

wOGB0B/030:876. 123. 10 Ex. 3650-69. 66. 221. 32. 9 Exarpr&EP£005/052379

The catal yst according to Exanple 2 and 3 were tested
for their performance as a Fischer-Tropsch catalyst in
a tubular reactor and a simlar selectivity and
deactivati on was observed. It C& t hus be concl uded
that the present invention has @rbvided a nore
thermal stable 10 and hydro-thermal stable catalyst
than the prior art Fischer-Tropsch catalyst with out
encountering any decreasel i datlaMyst activity or
selectivity. WO 2005/ 030680 PCT/ EP2004/ 052379 - 20 C
L AI.MS 1. Shaped catal yst carrier containing

cryst al $ndiged td4 @4l s twaarcelleratcoln%@%ﬁ% \Mr%@s%faﬂﬂ%e
crystalline titania is present as brookite and wherein
t hetEmpiar wheonpil st @@ﬁﬁéeﬁomt&n@flomammwtalllne

Cry; e, 5 based he to ht, . of
car?llt'%lfljli%r e% eﬁgla%%&tbgtsv\égﬁ %Egn&‘ Cf”\ﬁr% q'? tb‘ﬁwé:arrler
car¢dmgsr Dde €l L@émelen waer ghll abol east H0 %Qllltrﬂée titania
crystalllne titania is present as brooklte 3. The

Carl?fi%@ 0 cihg nsotab | wahehsi @fatthﬁogargﬂem,%mfefeMbly
é%&%%ﬁL} %%alf@glafbs present as brookite,

pre era nost % 4. The carrier of any of

cl & ns ﬂjhes carhelret roff helagmy st avhefeiti banilddst 60 wt% of
present as rutile in the range of fromO to 50 wt %
pr i BIYSt L ine ehande feorrssestl s s3dracsidied

whey ei rpide erystald# nghifhgniasi s REes8nt 8S nost 90 wts of

the crystalline titania is present as brookite,

preferably at most 80 wt%. ‘

4. The carrier of any of claims 1-3, wherein the
crystalline titania is present as rutile in the range of
from 0 to 50 wt%, preferably in the range of from 5 to
30 wt% and wherein the crystalline titania is present as
anatase in the range of from 0 to 10 wt%, preferably in
the range of from 0 to 5 wt%.

5. The carrier of any of claims 1-4, wherein the primary
particle size of the brookite is in the range of from 10
to 100 nm, preferably of from 20 to 70 nm.

6. The carrier of anyone of claims 1-5, wherein also a
binder is present, preferably silica, alumina or a
combination of the two of them, and wherein the binder
forms in the range of from 0 to 20 wt$% of the carrier,
preferably in the range of from 0 to 10 wt%.

7. Catalyst or catalyst precursor, comprising a

Group VIII metal or a Group VIII metal compound and the
carrier of claims 1-6 the Group VIII element preferably

being Ru, Fe, Co or Ni, more preferably Co.



anatase in the range of fromO to 10 w% preferably
in the range of fromO to 5 wt% 5. The carrier of
wanysoBogabai ns 1-4, wherein the primary parti eCE&/EPRE/052379

of the brookite is in the range of from10 20 to 100

nm preferably of from20 to 70 nm 6. The carrier of

anyone of clainms 1-5, wherein f#so a binder is

present, preferably silica, alumna or a conbination
erein the binder forns

f the t f the i .
S A ort o Ba R B L ah bepereRTeRE CArPreing g Claim 7,
pr.af fLRbEY- 4 K réaﬁg g?flstarso'@n% 3 Mo Retbls or metal

Catal yst or catal yst cursor, conprising a Goup
Viddmpetmds ot aGﬁouppIWIaI,I Ifdal I8@npdolimd Vdmd tgmeferably
carrier of clajnms,1-6 the G qup VIII el enment

prief YBT3 nﬁlﬁﬁonliélm 8518 N°F more preferably
Cogh M@, 2805 K368 P < PEbMBR2 Q@4 %51%3%% ok nﬁetaciast %ﬁ/St

or catalyst precursor according to claim7,
f UBtdrep NBT Bo compr V&S , ope edie nadrley mifteal igimor pﬁat'alnum and

conpo s of Goup Ila, Illb, 1Vb, Vb, VIb, preferably
rrag%aﬁ%‘gjeur‘%md zi rconi um oxi de, or 5 which furthernore

COHPI i BEScONE I rMBhe PRLpaTa@f orlGuR \gﬂaﬁae@ﬁd:a\ﬂélyst
preferably rhenium plati numand palladium 9.

Prozessef oatC¢¢md:pnep§|OatC|l@nH@f h%hépecsmxaiwmg,

carrier,accor t.o cl al 6,. b SDr ay- dr

prESF RN exts diﬁ]'gﬁléngr O&t ré“’el%%r cing & ga)/ %ul%r oF
%\@l@aéﬂe@aé@&acsysr&ahﬁrde&hauntﬁwwm@mes,

pref er abl %]mt])y extrusion. 10. Process for the

prlélp%f%r@ obYaeéSétfalISyl@tn -or a catalyst precursor

r 0 n f ' i.on
o G b et o TR0 Bt pFell T oty & o ShdRO
caéét@ly@ﬁCpf@bmsb@ ayeieliofly daiamydnd o tdlaims 7-9, by

solution of one or nore netal salts,, fol]owed by
dr yipEe 9Bkl el F nsepasition precipitation of the shaped

catalyst carrier according to anyone of claims 1-9 with a
solution of one or more metal salts, followed by drying
and calcination.

11. Process for the preparation of a catalyst or a
catalyst precursor according to claim 7 or 8, comprising:
(a) mixing (1) titania in which at least 50 wt% of the
crystalline titania is present as brookite, (2) a liquid,
and (3) a Group VIII containing compound, which is at
least partially insoluble in the amount of liquid used,
to form a mixture,

(b) shaping and drying of the mixture thus-obtained, and
(c) calcination of the mixture thus-obtained.

12. Process according to claim 11, wherein the Group VIII
containing compound is a metallic cobalt containing
compound, a cobalt hydroxide containing compound or a

cobalt oxide, preferably a Co(OH)s or a Co304 containing

compound, and wherein the cobalt containing compound

further comprises a Group IVb and/or a Group VIIb



11. Process for the preparation of a catalyst or a 20
catal yst precursor according to claim?7 or 8,

woanpriseisng: (a) mxing (1) titania in which BCTIE@28Y/052379
50 wt% of the crystalline tit ania is present as
brookite, (2) aliquid, and (3) a Goup VIII
cont ai ni ng conpound, which is at |east partially
insoluble in the amount of |igupg used, 25 to forma
m xture, (b) shaping and drying of the m xture
t hus-obtained, and (c) calcination of the m xture
t hus- obt ai ned. 1 Prticess according to claim11, .
wheT8MROPRE " GPEGT VY CorftdiGnHg o MFdiRg <& £ rhenium
nmet@dhpeusahal t containing 30 conpound, a cobalt
hydr oxi de cont ai ni ng conpound or a cobalt oxide,
pr ef®r abhy agtdyed? cart ad ved36idaitla Moy theopouthd;tion of

cortbi SBE A B ot ARy E G v azesen at

20051839680 ReHIRAIRA/DA3 LI catdd yROMROUNGatalyst

preferably a zirconium manganese or rhenium
corpoiadrsol. aasoastingatted cdatial ystorsit abl e for the

pr cton of ydr gcar bons obt ai ned reduction with
hygﬁg’ge tgtes Se:%g\lfa&i’t? Pér?‘f?é’rrgtt&pél &tb ilyéjdft%%orb? a
cat@dnStisBheC Wos@aRAGe)f & Al i &M Mo mofbxide and
Process for the preparation of hydrocarbons

conprd spagncwitthct g ta lyistt wascofdigey Bon aienioxildle. and
h ith t al yst di t laim.13...10 15.
DY 958 MR S L AR SRS 10 A
ﬁ 3}%&&1&0@% By hQidS @ TRYoat s BRI Rt 44k 16y ]EJF the

r

;
ydrocar bon product as obtained in the process ©
cl siygdygcarbon product as obtained in the process of

claim 14.



