2 0 MAR 2007 WO 2005/ 030680 PCT/ EP2004/ 052379 - 1 TITAN A SUPPORTS FOR

FI SCHER- TROPSCH CATALYSTS Field of the invention The inventildMRell@t es to
shaped titaphaoaikadsySt carriers, catalyst precursors or pggigpbdighSsreand to
a process for the preparation of hydrocarbons from5 synthesis gas using

t he new catal ysts. Background of the invention The use of titania (or
titaniumdi oxide) as white inorganic pignent is well known. Two processes
are used to prepare titania on a conmercial scale, nanely the so 10 called
"chloride process" and the "sul phate prodé§s“1 See “ for instance Ul mann's
Encycl opedi a of Industrial Chemstry, Fifth edition, Vol. A20, pages
271-281. Beside the use of titania as a pignent, there are also other
applications. One ot HENIAPHIPFERAS BPR SFESEHRRaMRPSCHSATALYSTE use as catal yst
carrier. The uses and performances for a given catal yst application are,
however, strongly influenced by the crystalline structure, the norphol ogy

and the size ofpfheyp t%ﬁéefnv 0 ized Ti02 particles are of particular

i nt erest because—0£*€§£+f—3ﬁeﬁfgﬁga§¢y 20 size-related properties.

Pol ynor phs of titantige thate®elon heladed o attapdditdeananatasgel yand
brookite. Nanosized titania, _obtained when prepared via a comerci al
process, is cORDR S anatabal Y Thepre@iTRpEhe e tadtaespy oca’d, tapato 25 20
w%rutile can Ki i s .sonetipes for i mal | quantities
as cpntaninapt.ﬁgaégéggg ?E%@%oé%%p?ﬁﬁéé?[i%{?hﬁéﬁﬁégéb? ?nEE%%ditions, such
as hi ghscal ci nag{9the § APGE At WE LSy ShNGRY tcdtsalfiecepre stabl e pol ynorph of
titania. 2 0 MAR 2007

[ Background of the invention

The use of titania (or titanium dioxide) as white
inorganic pigment is well known. Two processes are used
to prepare titania on a commercial scale, namely the so-

10 called “chloride process” and the “sulphate process”. See
for instance Ullmann’s BEncyclopedia of Industrial
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
15 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
20 size-related properties.

Polymorphs of titania that occur naturally are
rutile, anatase, and brookite. Nanosized titania,
cbtained when prepared via a commercial process, is
commenly anatase. When using the chloride process, up to

25 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 1s the more stable polymorph of

titania.



WO 2005/ 030680 PCT/ EP2004/ 052379 - 2 The preparation of hydrocarbons froma
gaseous m xture conprising carbon nonoxi de and hydrogen (3yMihed7s gas) by

contacti ngwdneoshidssy € W th a catal yst at el evated tenpepgi/epsodishsy essure
is known as the 5 Fischer-Tropsch synthesis. Catal ysts used in the Fischer-

Tropsch synthesis often conprise a titania based support material and one
or nore netals fromGoup VIII of the Perhodic Table of Elenents,
especially fromthe iron group, optionally in conbination with one or nore
metal 10 oxi des and/or _netal s, as pr%ngtgrs. Particul ar interest has been
given to catal ysts -C6nBrEERRGTE0BaPt BYCEREATERNS| PRl Fag8E0UFe conponent

|0 combi nati on itk AN @ondh 1894E BEAABLCHSASEEBE! &hd HO A LEoN! um

titanium chrom um vanadi um a manganese, especl a manganese, 15 and

supported on a (siynahiesicageser bySeohteatahysthead xthir@wiyiith tehesafd1 and
have been described, for exanple in the specifications of |International
pat ent appl i caBitofleyaberc 2EMpR IREUIROARAOPHSSS LI CUdiSt &BOBatSs T ent

06203535, 2 ‘and 96700524 3P DG KT TASeT05 GacerPBe rERNh iChd PATE st s

havi ng vari ougrogtsiche sgnahaseé sr afires. cAmpthieecandiitiaons Raekeduigbort
commercial practice, the Fischer-Tropsch reaction yields al nost equal
anounts of 25TR&EER Adn@NPaPBEf PhisTORSWBRGRE ShadFem CFvddydddl wr t

catalyst b2, PORRRASS IR LA e pamGLcobphsan Al st o

t enperatures, Whi Ch €én s oinflu nce Bt cobal t

catal ysts in agvatipgt ypefionwa¥sy ihoeogkampkeoht with esuldr mdrd dearmase of
activity 30 and/or_selectivity and consequently, in catalyst Ilifetine. One
of thel@nwant e@xiegst poad o smekalpopmapPromotet scoFagd iamiagh ing aigfsti cult to.

reduce under FiSGN@Lon given to catalysts comprising cobalt as the

catalytically active component, in combination with one
or more promoters selected from zirconium, titanium,
chromium, vanadium and manganese, especially manganese,
15 and supported on a titania carrier. Such catalysts are
known in the art and have been described, for example in
the specifications of International patent application
publication No. WO-A-9700231, United States patent
publication No. US-A-4595703 and Eurcpean Patent
20 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
25 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
30 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



‘Tropsch conditions and even under the usual regeneration 2 0 MAR 2007 WO
2005/ 030680 PCT/ EP2004/ 052379 3 conditions. Furthernore, wat@d NAREDE
causes the wWOnRoewsdsdbl e transformati on of anatase to rel aCreekoos/osmrge
‘particles of rutile, resulting in a decrease in 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 literature it is
known that the (hydro-) thermal 10 stability of anatase can be inproved by
nodi fication of the anatase crystals by means of dopants such as Si Q2,

Zr @2 and A1203. These, honogenequs nul ti-conponent oxi des show hi gher

anat ase-rutil e TFHMT 1N t F ey it AP FHpTovedRStability of
the anatase cf ystadfer df RERCR Nt (ki 15 CONCAIIIALL oty ALPG: [AOggNese 15 a

wel | - known anat ase stabili ser. w concentration, espécially nelow 1.5
mol % manganeseldoms paetidcheorqgbradedld n tdwea i Ry sin ustde ereaske t he anat ase
phase is stabilised, but at higher concentrations part of the 20 nanganese
i s segregated oPEFRCSAIR LS HekakVse andramdeari i & bter| of atlkd.
Appl i cati on of éggﬁﬁgggﬂnrph rutile, which is the nost thernodynamcally
stable TiO2 form seens the nost promising route. However, it is difficult

to synthesise 25 nanpsimetbraitine pariddms wWhigte i Sata ot d@amendt f or
obt ai ni ng honogeneous and good dispersed cobalt catalysts. Furthernore, the
rutile particl ekl Vapeus cu3¢Ve kel s Lauibarrbiedl ys8aisglpport .

The object of the nt._ i i j o provide a hydro- 30 therm
st'abl e shaped t*@%ﬁ%%ggd%ng%s%ﬁﬁiﬁ#éﬁéﬁ?é&ﬁf/éke andfage éﬁpporﬁ. %rgm
' literature it is known that the (hydro-) thermal
10 stability of anatase can be improved by modification of

the anatase crystals by means of dopants such as Si0jp,
Z2xrOp and Aly03. These homogeneous multi-component oxides
show higher anatase-rutile transition temperatures and
thus an improved stability of the anatase crystals.

i5 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 TiOp structure and the anatase phase

is stabilised, but at higher concentrations part of the
20 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 difficuit to synthesise

25 nanosized rutile particles, which is 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 ¢f the present invention is to provide a hydro-~

30 thermally stable shaped titania support, which does not

require the use of dopants.



require the use of dopants. 2 0 MAR 2007 WD 2005/ 030650 PCT/ EP2004/ 052379 4
Sunmary of the invention It has now been found that the above ¢arMABel0]

achi eved WO owsmEpeso t ani a as shaped catal yst carrier, wheceEP2@¥/05B®Ast 50
wt % of the 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 wt% It has
particul ar been found that the shaped cat-algyst carrier is very suitable for
the preparation of catalysts or 10 catal yst precursors conprising a G oup

VIIlT metal or %unﬁ’;ﬁﬂg%Iﬂhgﬁtn@eng%%wnd' It has furthernore been found
that the additi f esults in even nore stronger shaped
catal yst, the bindert sidd abdwy RRINME o HMRAOAHL dHdEeIgare Kb, AHelyagtory
oxi de bi nder, the 15 binder not being a continues polynmeric organic matrix

bi nder, e.g. aXYomsinbuslporigmss mdaned clatalpdydafiier, vhdwesimorover

been found that, th alyst_is.ver ui-t.abl e far_the preparation of
hydr ocar bons cc}r?ﬁrs?csi%ﬁ% W 'bn?facszttl}en rafsfﬁ%ldpee otflqttfaaﬂlb%n‘f) SEE &

hydroges 20 af tioAGH &/ atd e wiee8GH Gl e W wtile shysh: &3 deyad,edo
tenperature. Detail ed description of the invention plicants have found
that when titaming ild 0k etk ysireelddine dti Hageist GG ad ®wbridokitetdls wriagentof t he
catalyst 25 or_.c

compound,  prepdtiEn AT The SR SR Ing O DD B yatt it er.
has an i nprovedmdralner Mden SAARI itha tWigfk UgRibade 4 s e’ ppsch
reaction conditions. An additional advantage is that shaping of 30 the
mat eri al resul tvexivn swEdEnieddy e grggrarshtdped of catalysts or
10 catalyst precursors comprising a Group VIII metal or a
Group VIII metal compound. It has furthermore been found
that the addition of binder materials results in even
more stronger shaped catalyst, the binder suitably being
an inorganic binder, e.g. a refractory oxide binder, the
15 binder not being a continues polymeric organic matrix
binder, e.g. a continuous polymer matrix of a polyclefin.
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
20 after activation by reduction with hydrogen at elevated
temperature.

Detailled description of the invention

Applicants have found that when titania is used

wherein at least 50 wt% brookite is present, the catalyst

25 or catalyst precursor comprising a Group VIII nmetal or
metal compound, prepared with the brookite containing
shaped catalyst carrier, has an Zmproved hydrothermal
stability when used under the Fischer-Tropsch reaction
conditions. An additional advantage is that shaping of

30 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



‘catal yst carrier than using titania in the anatase or rutile ﬁﬁ@ﬁé& he term
"shaped' relates to a process wherein catalyst particles arez l]froma
“powder, ea®¥0 2008/0508 2007 WO 2005/ 030680 PCTI EP2004/ 052378cT/BP200§/092379 i Cl es
having a particul ar shape. Suitable processes are spray drying,

pel l etizing, (wheel)pressing and extrusion, preferably spray drying and
extrusion. Coating processes, e.g. spray €oating, dip-coating and 5

pai nting are not included. The volunme of the shaped catalyst carrier
particles is suwift ghiry ilbdeweravingnd paz@iouBarperipeabbyibabween 2 and 100
mB, nore preferably between 4 and 50 "B, especially in the case that an
extrusi on proc®E®EsSESedre| SPrRY Sp¥andr Bgdéetdzingr dphapldpyesging used

th iCl i ' [ b ' g f bl
botween 10, Bnd 000 KESroR" TR “erape o aP A gL oY a0l CpPEFEL RN -conpr i sos

.of  between 70 Cavad 11h@0 pao¥eeteer yst al.| kpeali taaikangIhaipetoatink baw a
conponent nmay be, faor exanple, a binder as described below. The titania
sui tabl¥y has aP3ieidNde@rft Wopr é8€ANCEE. BheokPLEemeTRE theashapesy be

9 i f bl. . 9 %
Dt ookl e 20 and SRS SPeRaBly PaR aser Sa0tudhi THRLYpPebineE dnd kontent of
brooki te can be-d shimngyished.bromathiet, oLRhohagl 6530V uskng X ray
diffraction analysis, "as for exadnpl e, desérib&d 'R e'article of A

Pottier cited E%r%%ﬁ%wPe%§63“64t55@85§¢§?$ f%ébggéggggagﬁgmkk§ta%%tile,

preferably in the range o rom0 to o | € range

of from5 to 3&hattYanTkatirncdona preyealssdscaspd.S@nahakaseeciadf efraaddd v in

;herrgﬁge of that spray drying is used the average particle size is
sultably between 5 and 500 micron, preferably between 10
and 200 micron.

The shaped catalyst support preferably comprises of
between 70 and 100 wt% of crystalline titania. The non-

15 titania component may be, for example, a binder as
described below.

The titania suitably has at least 60 wt% present as
brookite. The titania may be present up to 100% as
brookite, pieferably at most 90 wt% present as brookite

20 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.

25 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

30 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



fromO to 10 % nore preferably in the range of from0O 30 to 5 wt% The
total of the three polynorphs brookite, rutile and anatase w I21] BApIGRAI | v
anount to WD%oabscssre titania present in the shaped cat apgsrrmaiizgfe | n
addition to the crystalline titania, a certain anount of 2 0 MAR 2007 WD
2005/ 030680 PCT/ EP2004/ 052379 6 anorphous titania nmay be present. Suitably
this anount is |ess than 50 wt % based on the total weight of titania,
preferably | ess than 20 wt% nore preferably less than 5 w% 5 The prinmary
size of the brookite particles can be determ ned using XRD |ine broadening
t echni ques as aBRERROBRJCIFaNiRrmaxdrplrresert ci$ebtaply cthisf amounkotiti er

here bel d, or_ hi gh- lugion t i,SSi | ect ' HRTEM .
A 5o the mor pibrey UT KL E BPORRE T pHI% | TRt GO BAL IBE oF RERBASUSI g
HRTEM  Dependbrar@pabhe DEeparahn oo oprgli thors, pab fE L4610, 180EPRALAYI es of

brookite particles are obtained, nanmely spheroidal partitcles or platelets.
The specific surfsee area is, anong others, determined by the size of the

15 pri ticles. The s f th i ticle of. brookite i
oreferdbly | n the TOmder TTY o 40 To H0 e THos OB br 61881 §B1 PFr om 20 to
70 nm  Pref er aid ye iiene B @9Khd eXRANODAL th £ £50.20 87 ORL @hneGRY addition of

TiCl4 to an aqueous solution of hydrochloric acid or perchloric 20 acid of
at least 2 M whesef hbdd obki t Eopagxanpes, drfee breddabylcher obl $sis. The

bropk e partl chen B gl ohal S0 atier weang, by vel |, knoseechal ques
Sccording Lo thie puan Sros bR EITRE U540 oy IR Bl Zpol §¥Re
Chem 101 (200)rockite particles can be determined using HRTEM.
Depending on the preparation conditions, different
morphologies of brookite particles are obtained, namely
spheroidal particles or platelets. The specific surface
area is, among others, determined by the size of the
15 primary particles. The size of the primary particle of
brookite is preferably in the range of from 10 to 100 nm,

more preferably of from 20 to 70 nm. Preferably the

brookite nanoparticles are obtained by addition of TiCly

to an agqueous solution of hydrochloric acid or perchloric
20 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
25 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
30 include spray drying, pressing, extruding or otherwise
forcing a granular or powdered catalyst or catalyst
precursor material intc various shapes under certain

conditions, which will ensure that the particle retains



'1116- 1121, which publication is hereby incorporated by reference. Mthods
of preparing a shaped catal yst carrier 30 include spray dryinéﬂpﬁﬂéﬁﬁing,
extrudi ng &0 paokvesosBse forcing a granul ar or powdered caprei/gBioooos2eat al yst
precursor material into various shapes under certain conditions, which wll
ensure that the particle retains 2 0 MAR 2007 WD 2005/ 030680

PCT/ EP2004/ 052379 - 7 the resulting shape, both during reaction as well as
during regeneration. The preferred nmethod for preparing a shaped catal yst
carrier according to our invention is by extrusion, especially if the

catal yst is to W& atulddng shapei hodhb e rdagc treachifon te swtldl yst is to be

used in a slur g t pe at al yst_ carriers ar preferab
prepar ed by sprcg%ldq%%eg{enfﬁga%%gldkﬁ}h% 5r‘iﬁgsr‘?\(%?eﬁ:arret| &% Oafffos‘hipt%agjtr@/r?ake a
strong shaped catplybtcatidihount daderiraquideRIAh Ot Ading nvkyd b agy i al

amount of additional binder material. Nevertheless it is advantageous to add
such binder LR RGeS ald vrake the @adr lyrte ist rtender agirdpet in

catal yeh, The shanscaial ysl 631y | o L SULANIY, GO e 16,0, vtk o

anot her “ref ractory “oxi ypical r

or titanic, orgamm®ey gieaaﬁ:oramieaxsr@rpe@p@ét@qgi&n%émm H% a_ bi nder
material, preferably up to 20% by wei ght based on the total weight of

titania and bi wdefawalery grepvesl o efoer@abldrvdrgdJ i ca and al unmina ni xture
is used as binder er e .t.he binder kes up | ess t.han .about 3Q wt %
preferably |ess thﬁﬂ‘% W20 SR PE z‘ﬁg’r &% %’Hiﬁbl%-%éb% Still
more preferabl }‘sif}:oﬁ%]%k%@pé{?tcarﬂ%ﬂ%stprﬁft@fdﬁd t‘ifelogélz%%ﬁmérﬁe 6f)taaddﬁ{%pedo
catal yst support. e silica and al um na binder mxture nay contain 50 wt %

10 a substantial amount of additional binder material.
Nevertheless it is advantageous to add such binder
materials in order to make an even more stronger shaped
catalyst. The shaped catalyst carrier may suitably
comprise up to 30 wt% of another refractory oxide,

15 typically amorphous silica, alumina, zirconia or titania,
organic glues, a clay or combinations thereof as a binder
material, preferably up to 20% by weight based on the
fotal weight of titania and binder material. More
preferably a silica and aluminz mixture is used as binder

20 where the binder makes up less than about 30 wt%,
preferabliy less than about 20 wt%, more preferably about
3-20 wt%, stil} more preferably 4-15 wt$, yet more
preferred 5-10 wt% of the total shaped catalyst suppoxt.
The silica and alumina binder mixture may contain 50 wt$

25 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

30 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



25 or less silica, preferably about 3-50 wt% silica, nore preferably 5-35
Ww%silica. In order to achieve the benefits of porosity antl ¥AR et h,

bi nder conPph¥ad/830880c m xed with the titania starting nmekerEedoobehsamne t he
shapi ng operation. They may be added in a variety of 30 fornms, as salts or
preferably as colloidal suspensions or sds- For exanple, alum na sols nade
fromalumnium chloride, acetate, or nitrate are preferred sources of the

al um na conpo Readi i | abl id4 0 0 7. \\D
2005/ 030680 PCH EF004] o%%%%@é -@ig ﬂb%eg?ie%a%% ésog“ﬁ%’ges’?%’f %\5@%‘.9?. ga°c
conponent . | nleacdvaensecardomesterhe caaleemmusd dxeo 1 dikesht amavet dogosfam nati on
of these binder sols by elements that are harnful to the active

Fi scher - Tr opscH'$R8 080 SRhaRy eeLamgals Hmt »eg kea FREubakehthat i ons and

sul fur - contai ) iy AN ANSerRHEDr - 5o S AL 21 8T G DOL Efl DAL SONP, Of s coRgl t - under

Fi scher- Tropsch conditions, ence mist” be 'm hnrm-zed i n reparing

suppor gs for, f0takxespderticanal loeatahy séisl fdbe: sitepati cqt &h yshscatukher,
optionally after 10 calcination, may very suitably be used for the
preparation of2Tailiats 2SR Wbty et aehabblendeprFigghpreparati on

of hydrocarbo S d as cti | ch. J .1n the
literature as nﬁi‘srhge‘;K %%c%ﬁ@e%&oﬁsg’c haﬁga%%f%.ﬁ‘%e@%ggﬁ%f%gg%iw;ﬁl carrier
after 15 cal cigwipon shawmppattd aber Arsr hetagsre 20c@ngl 480221 gst 6BET)
preferably between 30 and 120 nR2/g. The pore volune is usually between 0.15

and 0.50 cc/g (N2/Tir)shagaefeatabl ¥sbatawart 0. 2apamnal Uy 2Eiegr Catal ysts
for u in this process frequently 20 ¢ ise, as the catalytically active
corrp_o%gnt, a nceatlacrl_n 91}30%,3%@3% ‘(ff%f Solflﬁgf}f’é?ér o%ﬁ%é'l"g% et%? El ement s. _
Particul ar catpdaddelion ast i dBfat S, | agdalshes TU het AT} sts suitable
for the preparation of hydrccarbons from synthesis gas, a
reaction which is known in the literature as the Fischer-

Tropsch reaction. The shaped catalyst carrier after
15 calcination show a surface area between 20 and 180 m2/g

(BET), preferably between 30 and 120 m?/g. The pore
volume is usually between 0.15 and 0.50 cc/g (No/77K) ,

preferably between 0.20 and 0.40 cc/g.
Catalysts for use in this process frequently

20 comprise, as the catalytically active component, a metal
from Group VIII of the Periodic Table of Elements.
Particular ;atalytically active metals include ruthenium,
iron, cobalt and nickel. Cobalt is a preferred
catalytically active metal.

25 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

30 from 15 to 40 wt%.

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, IIlb,



iron, cobalt and nickel. Cobalt is a preferred catalytically active netal.
25 The catal yst conprises the shaped catal yst carrier as deggmaReaq)iabove
and an anpUMO 20ff5/08e686| ytical |y active netal. The cont ent POT/ERet0a/0513%9
preferably in the range of from3 to 75 Mt%relative to the total amount of
the catalyst, nore preferably from10 te 45-wt% especially 30 from15 to
40 wt% |If desired, the catalyst may al so conprise one or nore netals or

metal oxides agypy ONRt @ v bE0LBeMBERL 040X Ol @ be selgat ed
rom G oups |12 71 1E 5% MRR 3060 V- 2BET 030880 et EosInEss25T0 T

| Vb, Vb and VI kctfintidesPenidodiaotRablidesf Ehepaptscubarthexiakls kifdes and
Janthanides. In particul ar, ~oxi des of gggnesiuny cal cium strontium

bar i um scandiWEQH?PPPFUnfalFéHWhaﬁEﬁPn munPaFPFQmi@ﬁ@ﬂﬁlﬁﬁonW@&Fiﬁﬁﬁniunl
thorium 5 urani;umhayapadic iuﬁhre%tggpa@gi PROGARTRA, NS ANk, syitable

pronoters. Particularly preferréd ime pronoters he catapyst
used t b prepar erbing urgt slaysidd unf, ochusgium bhe peegenksienwent iveryare
manganese and zirconi um oxi de. Suitable nmetal pronoters nay be selected 10

from Groups VI BHi&ADE PremotrEspeFprslieuTaBblY. PRAEATERY MRt e¥iae | |

D] e o bei AEE B SHR YnB el Gor, HEL EOCRLUPe M SN WG

pal | adi um bei ng especi al | ref e anount pronoter pres in the

catal yst is sutalise iim the pasgeneof ifitent@cflate M@ nala¥eeskd apieferably 0.1
to 30 wt% nore preferably 0.5 to 20 % relative to the total anmount of
the catal yst. FHECHBILM Sdferr SHiEABABt BES2Ar BLOBRESIS Yo ke Sfagiclird

OGRS T RGNS S U Lectedc Tl cop 05
pronoter, if and Group VIII noble metals are particularly suitable,
with rhenium, platinum and palladium being especially
preferred. The amount of promoter present in the catalyst
is suitably in the range of from 0.01 to 50 wt%,

15 preferably 0.1 to 30 wt%, more preferably 0.5 to 20 wt%,
relative to the total amount of the catalyst. The most
preferred promotérs are selected from wvanadium,
manganese, rhenium, zirconium and platinum. Preferred
metal combinations are CoMn, CoV, CoRe, CoPt or CoPd.

20 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

25 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.

30 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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i nsoluble in the anpunt of Iiguid used, to form_a m_xture, (b) sﬂgping and
drying of the RikfOié LRUBTESEHHt &SnEdCCKAE S c) 2eaPcildgtii6h M He Inidkt ur e

thus- obtai nede,Ihg Lhqui dofy e BN ofbottit abkechi gui dt knawg in  the art,

for exanple water; amopni a; a ch as “net’hanol , and
propanol ; ketopestistdh assadtebdee;inlihel delyces ofsldhuds psepgnale afwkm
aromati c solvents, such as toluene. A nost convenient and preferred liquid
is water. TypRcRLKFUTIEndD)nghédisst angf drpeng efurdeamgxture thus-

10 cbtained, and (c) calcination of the mixture thus-
obtained.

The 1liquid may be any of suitable liquids known in
the art, for example water; ammonia; alcohols, such as
methanol, ethanol and propanol; ketones, such as acetone;

15 aldehydes, such as propanal and aromatic solvents, such
as toluene. A most convenient and preferred liguid is
water.

Typically, the ingredients of the mixture are
mullied for a period of from 5 to 120 minutes, preferably

20 from 15 to 90 minwvtes. 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

25 process, there will be a rise in temperature of the
mixture during milling. 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

30 process 1s 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 t¢ include one or mcre flow improving agents
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additives are s§$gp#$gga the téﬁge %§i§“?%%ﬁﬂ%§f?n§?ggrggf g TO obt ai n

strong extrudates IS preferre € mxfufe, prior to

gxtru_si on, at |easyorpethgbapouatkphpitédnalss Bl popepthgiageageobhds, t he

tLtanl%D polyoxyethylene alkylamines, polycxyethylene alkylamides,

polyacrylamides, polyols and acetylenic glycols.

Preferred additives are sold under the trademarks Nalco

and Superfloc.

To obtain strong extrudates, 1t is preferred to

15 include in the mixture, prior to extrusion, at least one
compound which 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

20 ammonia, ammonia-releasing compounds, ammonium compounds
or corganic 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

25 compounds. A most suitable organic amine is ethanol
amine. Suitable acidic peptising agents include weak
acids, for example formic acid, acetic acid, c¢itric acid,
oxalic acid, and propionic acid.

Cptionally, burn-out materials may be included in the
30 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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Any cobal t conpaendlstlwmedhlatNOe@s@9B@%iBy 10 weight is insoluble in the
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Exanpl 88 of suiwkealghe is insoluble in the amount of the liquid used, can
be suitably used in the kneading/mulling method of the
present invention. Preferably, at least 70% by weight of
the cobalt compound is insoluble in the amount of liquid
used, more preferably at least 80% by weight, still more

15 preferably at least 90% by weight. Examples of suitable

cobalt compounds are metallic cobalt powder, cobalt

hydroxide, cobalt oxide or mixftures thereof, preferred

cobalt compounds are Co(OH)p or Coz0y4-

The amount of cobalt compound present in the mixture

20 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 ¢f cobalt, on the basis of cobalt
metal, and can be determined by known elemental analysis

25 techniques, e.g. SEM or TEM. The cobalt compound may
further comprise a Group IVb and/or a Group VIIb
compound, preferably a zirconium, manganése or rhenium
compour:d. The most preferred cobalt-containing compound
is5 a mixed cobalt manganese hydroxide.

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

Preferably, the cobalt compound is precipitated by
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separated fromthe sol ution, wa and,” optionally; "cal ci ned.
$uitable separ aidmsiemastianghreddipiitig and-asd i idgpdmidagsy ase commonl y

known in the
separated from the solution, washed, dried, and,
optionally, calcined. Suitable separation, washing,
drying and calcining methods are commonly known in the
art.

15 In one embodiment of the process of the present
invention, the cobalt compound and the compound of
promoter metal are obtained by co-precipitation, most
preferably by co-precipitation at constant pH.
Co~precipitation at constant pH may be performed by the

20 controlled addition of a base, a base-releasing compound,

(: - an acld 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

25 compound and a promoter metal compound.

After depositicn of the metal and, if appropriate,
the promoter on the carrier material, the loaded carrxrierx
is typically subjected te drying and calcination. The
effect of the calcination treatment is to remove all

30 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 calcinaticn is preferably carried out at a
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renove all 30 water, to deconpose volatile deconposition products and to

convert organi c and iR gaml eledwpoundsha oraHel ting espertysle PREdessOrn t he
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but ot 52 0 M 20t s LBoE  bteet ne BrSuta bebaee PeEuaL ORL e Al ure
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Drying is suitably carried out at tenperatures between 50 and 250 C. After
cal ci nation, tHeeRReEATIRYS caf afpett pteR uks0t505 §s preferably activated by

contacting the gatalyst w . hydrogen. or a hydrogen: caont ai hin S,
Db cal 1y at IR ariTen BAo8 Rl RI T e e S TSR £ E AR o
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here described 10 is used to catalyse the Fischer-Tropsch reaction wherein
a mxt 4Pe of cakrdbosednoXi detahvsdytihegehs¢hecohvepseh teaction wherein

a mixture of carbon-monoxide and hydrogen is converted to
a paraffin wax comprising product.
The mixture of carbon monoxide and hydregen, also
referred to as synthesis gas, are prepared from a
15 (hydro) carbonaceous feeds, for example coal, bio-mass,
mineral oil fractions and gaseous hydrocarbon sources.
Preferred hydrocakbonaceous feeds for the preparation of
synthesis gas are natural gas and/or associated gas. As
these feedstocks, after partial oxidation and/or steam
20 reforming, usually result in synthesis gas having Hp/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
25 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
30 from 1 to 200 bar absclute, more preferably from 10 to
70 bar absoiute. In the catalytic conversion process

especially more than 75 wt% of Cgy, preferably more than

85 wt% Cgy4 hydrocarbons are formed. Depending on the
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preparation of synthesis gas are natural gas and/or associ ated gas. As

t hese feedstocks, after partial oxidation pndLor steam 20 reform ng, usually
result in synthesis gas having H2/CO rati os of about 2, cobalt is a very-
good Fi scher-Trops ratio for_this type of

h 7<_ catal yst as the user rat,
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conver si on con&ﬁtlons, t he a ﬁ@ 60 Wt %

sonetimes up t @ref@pMclh taNthsORB] INEBTEWRR iup dr lah 32ai%0 Prefrrably a
cobalt catalyst is used, a | ow H2/ ratio is used 5 (especially 1.7, or

even | ower) andspdodwlllenmperdfidieed o usedy - 23@¢ Gh.scheravmiadb=ly coke
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gspeci al |y prefi&acdd Ao waiaty saiah eadisldner thagpddie Sfeadmion Waddr such
condi tigns tha&kﬁh%h%FH%ﬂ§¥%éﬁﬂﬁf%ducts having at least 20 carbon

atoms, is at least 0.925, preferably at least 0.935, more
preferably at least 0.945, even more preferably at least
0.955. The SF-alpha values are derived from the absolute
amount of Csqg and C3p produced in the process. Preferably

15 the Fischer~Tropsch hydrocarbons stream comprises at

least 35 wt% Czg+, 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
20 multitubular fixed bed, preferably a three phase
fluidised bed process.
EXAMPLES
The irvention will be illustrated by the following
non-limiting examples.
25 Example 1
Synthesis of brookite

Nanosized brookite TiOp particles were synthesized by

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

30 TiCly drop wise to 19060 ml of a 3 molar HCl solution,

while continuously stirring. The final titanium

concentration in the synthesis mixture was 0.18 mol/i.
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was decanted. This was repeated three times in total .
10 After the last decanting step distilled water was added

to the TiOy slurry and 20 ml of a solution of 10% NH 4NO3

was added. The formed slurry was filtered over a Biichner
filter and the formed cake was washed with 4 litres
distilled water. A dry brookite containing sample is
15 obtained by drying the filter cake.
Specific surface areas (BE"T) 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

20 CuKa radiation. The angular domain was between 20 20 ° and
85°. The XRD-patterns were analysed for phase recognition
and Rietveld guantification. Transmission electron
microscopy (TEM) pictures were obtained using a JEQL 2010
apparatus. Samples were prepared by grounding in butanol,

25 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 fluores<ence
technique.

Example 2 (comparative)

30 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 Mri/Co



was decanted. This was repeated three tines in total. 10 After the |ast
decanting step distilled water was added to the Ti02 slurry aldMA0I of a
sol ution owdOisAde®NO3 was added. The fornmed sl urry wasPGT/ERMPEE2MWer a
‘Buchner filter and the formed cake was washed with 4 litres distilled
water. A dry brookite containing sanple is 15 obtained by drying the filter
cake. Specific surface areas (BE') were de%grnined using a Quantachrone

Aut osor b-6 apparatus. X-ray diffraction l'ysis were obtained using a
powder diffractoneter (Philips PWB800) operating in the reflecting node
with 20 CuKa radi &.i00n., B angfl & dortdi polyy ibgtiwedecdoR0sahdti86. afhle

quant 11 cat on® FEGTAC I G BoTR L Lty G5 R TR 2 of upEshe
quant | i cation I’ | ros ctTures re
obt ai ned usi ng A EQ RZOKD 2 ARPAAIUS. TPRTRIIGE MRS Gl %&?é&&‘ ?yfal&oun_d' ng in

Jbutanol, 25 subsequently dropped onto a copper grid and finally provided
with a carbon f1|8 mnlrﬁitcmse.nt’]};’(ie dreed 3y Sirs sl ticar riléd Jowtt orhermed pawders

using the X—ray uorQ§c ce technique. ample 2 conparatlve

Catal yst preparati®n’ ™ ni QMW§¥E&§*bq@ﬁhﬁgépﬁgnﬁ§ﬂﬁ& éﬁﬁEPGially
avai |l abl e tlta@z%ﬂ&mgpr Jf@y§§q)q 180Q '% & ar@H CbNh(CH)x
co-precipitate 6hton1c raué?ﬁéa%m/Cb 2 MAR 205%I§Mfg%o 7030

PCT/ EP2004/ 05233& rudaltes ivexk GR)ied0bg ]cfif heuly swi=td AGI0y v @yandl caho:lined

solution and a_ solution consisting of 300 g water and 22 g of an acidic
pepti zi ng agent‘”Tﬁbhﬁ@&ﬁu%;v&%?%ﬂ%%d@ﬂwﬁﬁﬁ PESH-nutes. The | oss on

ignition (LAO) mf, Mx was 5 33.0 wt% The m xture was shaped using a
1-iznch Bonnot , supplied with a 1.7 mmtrilob plug. The
10 Catalyst preparation

A mixture was prepared using brookite as synthesized
according to example 1. A mixture was prepared containing
177 g of brookite (dried basis}), 86 g of prepared
CoMn (OH) x co-precipitate (atomic ratie of Mn/Co is 0.05)
15 and 2 g of an acidic peptizing agent and 123 g water. The
mixture was kneaded for 18 minutes. The loss on ignition
{LOI} of the mix was 34.92 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
20 120 °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

25 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.

30 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
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stability of the catalysts as prepared in_ the Exanples 2 and 3 were
nmeasured by pefRBRAYVAE 28NE&IRF nd¥i 6n® XPBEPRENtS at tenperatures varying
from 550 Cto 700 C, with a heating rate of 143/ hr and a dwell tine of 2
hours. The sanpl es were anal ysed using XRD as described in Exanple 1. The
results are pr@gg@ée?. in Table 1. 30 It is evident fromthe results in the
table that the cafalyst prepared according to the invention has a higher
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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

10 {mixture of mainly water and a minor fraction of organic
acids, alcohels and paraffin’s with a pH of 3) at a
temperature of 250 °C during 1 week. The experiments were
The

washed with distilled

performed in a 400 ml stainless steel autoclave.
treated catalysts were filtered,
15 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

290 under these conditions. While the catalyst as prepared



Catalyst Cale. o0 %0 o a tenp. anatase brookite rutile C0304 CoTi03 (O

Ex. 2 550 61 - 15 24 0 Ex. 2 600 53 - 22 25 0 Ex. 2 650 2 - 20 MAR48172 Ex.
3 550 - 70WD 200603684 0 Ex. 3 600 - 69.2 4.9 25.9 0 Ex.PGUEBRIAORYSS5 5, 1
25.1 2.3 Exanmple 5 5 Hydrothernmal stability tests The hydrot herna

stability of the catalysts as prepared in the Exanples 2 and 3 and cal ci ned
at the different tenperatures of the Exanple 4 were neasured by exposing
the catal ysts to Fischer-Tropsch process-water~ 10 (m xture of mainly water
and a mnor fraction of organic acids, alcohols and paraffin's with a pH of

3) at a tenper - 0 duri.n week, The peLi nents wer erformed
ina 400 m stfﬁ]ﬁrgdslq{sqg% tzcaf‘ll?t %&‘“Ita\%eé&cf‘ﬁlgdt?%ﬁgg cgtg$§§ta§lyw§$é’ Last ed,
washed with di stddnsadidd olt@Tiand dheedaata 120 Gicdbedsagpkes tier e anal ysed
using XRD as described in Exanple 1. The results are preSented in Table 2.
The resul ts in gdesdrabl nwiarmnst rsatid 1t hah tahens cababysbnagcording to the
invention is nmuch nore stable 20 under these conditions. Wile the catal yst
as prepared 2 0 MAR 2007 WD 2005/ 030680 PCT/ EP2004/ 052379 - 19 according
to the art calcingd g% 550 C already shows the formation of CoTi 3, the

catal yst accordi he present invention still contains Co304 only.
Table 2. Catalysh GIILT ¢ YEY[% % 5 2 %
temp. | anatase|brookite| rutile | Co304 |CoTi03
(°C)
(- 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
5 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
10 and hydro-thermal stable catalyst than the prior art
Fischer-Tropsch catalyst without encountering any

decrease in catalyst activity cor selectivity.



tenp. anatase brookite rutile Co304 CoTi0O3 (C 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 HpOAR 7619 6
6.2 21.3 2.9 Exanple 6 5 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 can thus
be concluded that the present invenLigB has provided a nore thermal stable
10 and hydro-thermal stable catalyst than the prior art Fischer-Tropsch
catal yst without encountering any decrease in catalyst activity or
selectivity. 2 0 MAR 2007 - 20 CLALMB1d - Shaped catal yst carrier
containing crystalline titania, whererf—at |east 50 wt % of the crystalline
titania is present as brookite and wherein the carrier conprises between 40

and 100 wt% of crystalline titania based on the total weight of the
carrier, Jpref oFER GAEREE[T7625RUC 10BN ¥4 IHE Fhaded 1 1d%t &iyeél iarrier not

bei ng a Goaied catahksktCanr ek o2. tlbecepdtd Brimd Gl@igmal i sSpirdseakrier
being suitable for the preparation of a Fischer Tropsch catalyst. 3. The
carrier ofs dlr@iakitcopng WiRseénnthe FRBEICBCWDEIsTes HREwaeystidl PRfle titani a

s presenfos,dir aekibg. 41 The eRFLAEL OfoanvaANa Rl Al chid. weerein at

nost 90 w% of the crystalline titania 1s present as Kite, preferably
at nost 8hemcHrrierTherederiablyobetwyenf 7€l aidrsl U0 4t wharhei shielpedcrystal | i ne
titania is resent as.rutilg &E t he_range to 50 wt% preferably

. f f
in the r&g8 OF T FoMSFonsb HEIAnE GREre P yet cartiet.

2. The carrier of claim 1, said carrier being suitable for

the preparation of a Fischer Tropsch catalyst.

3. The carrier of claim 1 or 2, wherein at least 60 wt% of

the crystalline titania is present as brookite.

4. The carrier of anyone of claims 1-3, wherein at most 90
wt% of the crystalline titania is present as brookite,

preferably at most 80 wt%.

5. The carrier of any of claims 1-4, 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%.

6. The carrier of any of claims 1i-5, wherein the primary
particle size of the brookite is in the range of from 1C to

100 nm, preferably of from 20 to 70 nm.

7. The carrier of anyone of claims 1-5, wherein also a

binder is present, preferably silica, alumina or a combination



crystalline titania is present as anatase in the range of from 0 to 10 wt%
preferably in the range of fromO to 5 wiI% 6. The carrier of aﬁﬁpﬁg gd;aims
1-5, wherein the primary particle size of the brookite is in't A of

from10 to 100 nm preferably of from20 to 70 nm 7. The carrier of anyone
of clainms 1-5, wherein also a binder is present, preferably silica, alum na
or a conbination 2 0 MAR 2007 - 21 _oh the two of them and wherein the

bi nder forms in the range of fromO to 20 wt% of the carrier, preferably in
the range of fromO to 10 wt% 8. Catal yst or catal yst precursor,

conprisin I | t o] up, VI 0 u and t he
carrier ocgf (a:ﬁhg %13% ¥f17 tpﬁgeﬁ'?(}gé&pu@?f:ggl Eé)hrrei"an][%irbreé Z%roarb S;H%leir{glge a,nglge, Co or
Ni , norefriefear dblty Co. wis Gat ahystaprient abysteparelourisorthac eandieng £t o
claim8, _which furthernore conprises one or nore netals or netal conpounds
of Group TAE 4189 W5*-vb, VIb, preferably manganese and zirconi um oxi de,
or which furthernore conprises one or nore netals of Goup VIIb and VIII,
preferably rhenium platinumand palladium 10. Process for thevprepar ation
of a shar%d c &P Lo QT CefFalEEEoPAP AL $OF ¢l IR USIAY By &sydy Vddyi ng,

pressi ng, &xr udi ng Gr%‘hgoﬂl'i?rl""'}né%aio&ﬁgﬁ%uﬁd af AUl coafrrii%"idg{fe@l%%?' yst

material 1 nto various shapes, preferably by extrusion. ocess for the
pr epar at i otV dfhea Goatugl Y4t Ioe lameatapysfer v Be Ursiorg dunorii,nga erabjene of
clainms 8-10 bp)é ifrer%%%qna ion or deposition precipitation of the shaped

r o]

cat al yst rr(l:oafreri © Pdi ﬁ)g to anyone of clains 1-7 with a solution of one

or nore netal salts, followed by drying and cal cination. 12. Process for

the preparation of a catalyst _or a catalyst precursor according to claims$8
or 9, conprisiTAlEA) RitxiCAGAALYFtt PFRATESPH IFFUA LRI 1ati B R % of the

which furthermore comprises one or more metals or metal
compounds of Group IIa, IlIb, IVb, Vb, VIb, preferably
manganese and zirconium oxide, or

which furthermore comprises one or more metals of Group VIIb

and VIII, preferably rhenium, platinum and palladium.

10. Process for the preparation of a shaped catalyst carrier
according to claims 1-7, by spray-drying, pressing, extruding
or otherwise forcing a granular or powdered catalyst material

inte various shapes, preferably by extrusion.

11. Process for the preparation of a catalyst or a catalyst
precursor acceording to anycne of claims 8-10, by impregnation
or deposition precipitation of the shaped catalyst carrier
according to anyone of claims 1-7 with a sclution of one or

more metal salts, followed by drying and calcination.

12. Process for the preparation c¢f a catalyst or a catalyst
precursor according to claim 8 or 9, comprising:
(a) mixing (1} titania in which at least 50 wt% of the

crystalline titania is present as brookite, (2) a liquid, and



crystalline titania is present as brookite, (2) a liquid, and 2 0 MAR 2007
- 22 (3) a Goup VIIl containing conmpound, which is at |east @3@§bﬁhly
insoluble in the anbunt of liquid used, to forma m xture, (b; g and
drying of the m xture thus-obtained, and (c) calcination of the m xture

t hus- obt ai ned. 13. Process according to claim 12, wherein the Goup VII
containing conpound is a netallic cohalt containing conmpound, a cobalt

hydr oxi de cont ai ni ng conpound or a cobalt oxide, preferably a Co(OH)2 or a
Co304 contai ni ng conmpound, and wherein the cobalt containing conmpound

further compri 89,3 v@QURSHYR;ARML Oéoﬁ%&}ﬁrﬁP W4 b, com ngeasDcr eferably a

zi rconi um ‘manganese or rhenium co u An acti1vated catal yst suitable
for the praductlilon iofsollmpdreodar hbrsanbtat nefl bigueductedn tw tfodnydr ogen at

el evat ed quperature of a catalyst or a catalyst precursor according to
claim8 dM®:"4B8. Process for the preparation of hydrocarbons conpri sing

contacti nghja dHag i @ld ¢arfhen FBnexkdRiabdrayel egeiod tled et aloyst
according to claim14, optionally followed by

hydr oi son@ti&dtatemrhydr deradkxsyg ref thne-pyER b2ef bon product as obtained to
produce mddle distillate products.

13. Process according to claim 12, wherein the Group VIII
containing compound is a metallic cobalt containing compound,
a cobalt hydroxide centaining compound or a cobalt oxide,
preferably a Co(QH), or a Coi04y containing compound, and
wherein the cobalt containing compound further comprises a
Group IVb and/or a Group VIIb compcund, preferably a

zirconium, manganese or rhenium compound.

14. An activated catalyst suitable for the production of
hydrocarbons obtained by reduction with hydrogen at elevated
temperature of a gatalyst or a catalyst precursor accerding to

claim 8 or 9.

15. Process for the preparation of hydrocarbons comprising
contacting a mixture of carbon monoxide and hydrogen with a
catalyst according to claim 14, optionally followed by
hydroisomerisation/hydrocracking of the hydrccarbon product as

obtained to produce middle distillate products.





