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*TITANIA SUPPORTS FOR FISCHER-TROP®SCH CATALYSTS

Field of thé invention

The invention relates to shaped titania catalys=t
carriers, catalyst precursors ox catalysts, and to 3
process for the preparation of hydrocarbons from
synthesis gas using the new catalysts.

Back ground of the invention

*The use of titania (or titamium dioxide) as whi te
inor ganic pigment is well known . Two processes are used
to prepare titania on a commerc ial scale, namely th e so-
call ed “chloride process” and the “sulphate process 7, See
for instance Ullmann’s Encyclop edia of Industrial
Chem istry, Fifth edition, Vol. A20, pages 271-281.

Beside the use of titania a s a pigment, there are
also other applications. One ot her application of t itania
is t he use as catalyst carrier. The uses and perfor-mances
for a given catalyst application are, however, stroengly
infl uenced by the crystalline s tructure, the morphoelogy
and the size of the particles. WNanosized TiOp parti cles
are of particular interest beca use of their specifi cally
size -related properties.

Polymorphs of titania that occur naturally are
ruti le, anatase, and brookite. WNanosized titania,
obta ined when prepared via a commercial process, is
commonly anatase. When using the chloride process, up to
20 wt% rutile can be formed. Br ookite is sometimes formed
in small quantities as contamin ant. Anatase transforms to
ruti le under certain conditions , such as high calci_nation
temperatures, since it is the more stable polymorpim of

titania.
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Th.e preparation of hydrocar-bons from a gaseo us
mixture comprising carbon monoxxide and hydrogen
(syntmesis gas) by contacting t=he mixture with am catalyst
at elexvated temperature and presssure is known ass the
Fischear-Tropsch synthesis. Cat=lysts used in the Fischer-
Tropsch synthesis often comprisse a titania based support
material and one or more metals=s from Group VIII of the
Perioclic Table of Elements, esppecially from the iron
group , optionally in combinati-on with one or momre metal
oxide.s and/or metals as promot ers. Particular imnterest
has beeen given to catalysts cowprising cobalt a=s the
catal ytically active component , in combination =with one
or mo re promoters selected fro=m zirconium, titammium,
chrom ium, vanadium and mangane=se, especially ma nganese,
and s upported on a titania car-rier. Such cataly sts are
xnown. in the art and have beera described, for e-xample in
the specifications of Internat-ional patent appl _ication
publi_cation No. WO-A-9700231, United States pat—ent
publi cation No. US-A-4595703 &nd European Patemt
Appli.cations No. 96203538.2 ard 96202524.3.

US-A—4595703 describes titani= based catalysts having
various rutile:anatase ratios .

At the conditions reached in commercial prexctice, the
Fischer-Tropsch reaction yielels almost equal ammounts of
watex and paraffins on weight base. Consequently, the
catallyst is being exposed to _large amounts of steam at
elevated temperatures, which Thas been shown to influence
the yperformance of cobalt cat alysts in a varie*ty of ways,
for example it may result in a decrease of act_dvity
and/or selectivity and conseq uently, in cataly.st
life-time. One of the unwanted reactions is the formation

of C«oTi03, which is difficult to reduce under TFischer-

Trop sch conditions and even u.nder the usual re generation
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—onditions. Furthermore, water vapor causes the
i_rreversible transformation of anatase to relati vely
l.arge particles of rutile, resulting in a decrea se in the
=urface area of the catalyst and a deactivation of the
catalyst.

To improve the resistance of the catalyst acgainst
wWwater vapour, several sol utions can be applied, mainly
—~focussed on the modificat ion of the anatase suppoort. From
literature it is known thrat the (hydro-~) therma’l
stability of anatase can be improved by modificaation of

+he anatase crystals by means of dopants such a=s SiO2,
ZrOp and Alp03. These homogeneous multi-componemt oxides

show higher anatase-rutile transitioh temperatu res and
thus an improved stability of the anatase cryst als.
Depending on its concentxation, alsc 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 anat-ase phase

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

Application of the p olymorph rutile, which 1is the

most thermodynamically s table TiO0p form, seems the most

promising route. Howevers, it 1is difficult to s=ynthesise
nanosized rutile particles, which is a requirerment for
obtaining homogeneous arad good dispersed cobal-t
catalysts. Furthermore, the rutile particles azxe
difficult to shape into a suitable catalyst support. The
object of the present imvention is to provide a hydro-
thermally stable shaped titania support, which does not

require the use of doparnts.
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summary of the inwvention

I+ has now been found that the above can be, achieved
by using titania as shaped catalyst carx ier, wherein at
least 50 wt% of the crystalline titania is present as
brookite, ahd wherein the carrier compri ses between 40
and 100% crystalline titania based on thme total weight of
the carrier, preferably between 70 and 100 wt%. It has
particular been found that the shaped camtalyst carrier is
very suitable for the preparation of cat—alysts or
catalyst precursoxs comprising a Group WIII 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 bindesr suitably being
an inorganic binder, e.g. a refractory oxide binder, the
binder not being a continues polymeric organic matrix
binder, e.g. a continuous polymer matri= of a polyolefin.
It has moreover been found that the cataalyst is very
suitable for the preparation of hydrocambons comprising
contacting a mixture of carbon monoxide and hydrogen
after activation by reduction with hydrcogen at elevated
temperature.

Detailed description of the invention

Applicants have found that when tit=ania is used
wherein at least 50 wt% brookite is pressent, the catalyst
or catalyst precursor comprising a Grougp VIII metal or
metal compound, prepared with the brook-ite containing
shaped catalyst carrier, has an improveed hydrothermal
stability when used under the Fischer—-T:ropsch reaction
conditions. An additional advantage is —that shaping of
the material results in mechanically st_ronger shaped
catalyst carrier than using titania in -—the anatase or
rutile form. The term ‘shaped’ relates —to a process

wherein catalyst particles are formed fzrom a powdexr, each
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of particles havingg a particular shape. S-uitable
processes are sprayw/ drying, pelletizing, (wheel)pressingg
and extrusion, preXerably spray drying an.d extrusion.
Coating processes, e.gJ. Spray coating, di_p-coating and
painting are not imcluded. The volume of the shaped

catalyst carrier particles is suitably bestween 1 and
250 mm3, preferabl y between 2 and 100 mm3, more

preferably between 4 and 50 mm3, especially in the case=
that an extrusion process is used. In the special case
that spray drying is used the average paxticle size is
suitably between 5 and 500 micron, preferably between 1.0
and 200 micron.

The shaped cat-alyst support preferably comprises o=
between 70 and 100 wt% of crystalline ti-tania. The non—
titania component may be, for example, a binder as
described below.

The titania swiitably has at least 60 wt% present as=s
brookite. The titania may be present up to 100% as
brookite, pi'eferably at most 90 wt% pressent as brookit e
and more preferab’ly at most 80 wt%. The presence and
content of brooki-te 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$%, more
preferably in thes range of from 5 to 30 wt$. The titaria
may also comprises anatase, preferably im the range of
from 0 to 10 wt%, more preferably in the range of fromm O
to 5 wti. The tot-al of the three polymo-rphs brookite,
rutile and anatasse will typically amoun-t to 100% of tle
titania present in the shaped catalyst <carrier. In

addition to the crystalline titania, a <ertain amount of
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amorphous titania may be present. Suitably this amount is
less than 50 wt% based on the total weight of titania,
preferably less than 0 wt$, more preferabl y less than

5 wt%.

The primary size of the brookite particles can be
determined using XRD line broadening techniques as
described in, for example, the cited articde of A.
Pottier here below and or high~resolution & ransmission
electron microscopy ( HRTEM). Also the morphology of the
brookite particles caan be determined using HRTEM.
Depending on the prepoaration conditions, d ifferent
morphologies of broolksite particles are obt ained, namely
spheroidal particles or platelets. The spe cific surface
area is, among others, determined by the s ize of the
primary particles. The size of the primary= particle of
brookite is preferablly in the range of froom 10 to 100 nm,
more preferably of fxom 20 to 70 nm. ‘Prefearably the

brookite nanoparticles are obtained by addition of TiCly

to an aqueous soluti-on of hydrochloric acid or perchloric
acid of at least 2 M wherein brookite particles are
formed by thermolysi s. The brookite particles are
isolated, after wash ing, by well known techniques such as
centrifuge, filtrati on, drying and the li®™e. A suitable
example of such a mesthod to prepare nano-ssized brookite
polymorph of titania. according to this in-vention is
described by A Potti er et al., J. Mater. sChem. 11 (2001)
1116-1121, which pul>lication is hereby in corporated by
reference.

Methods of preparing a shaped catalys t carrier
include spray drying, pressing, extruding- or otherwise
forcing a granular or powdered catalyst oer catalyst
precursor material JEnto various shapes unader certain

conditions, which w-ill ensure that the pa.rticle retains
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the resulting shape, both during mreaction as well as
during regeneration. The preferrecd method for preparimg a
shaped catalyst carrier according to our invention is by
extrusion, especially if the cata lyst is to be applie« in
a fixed bed reactor. If the catal yst is to be used in a
slurry reactor the shaped catalys t carriers are
preferably prepared by spray dryi_ng. '

The brookite nano-particles amre suitable to make a
strong shapéd catalyst without tie requirement of adding
a substantial amount of additional binder material.
Nevertheless it is advantageous o add such binder
materials in order to make an evesn more stronger shaped
catalyst. The shaped catalyst ca=xrier may suitably
comprise up to 30 wtd of another refractory oxide,
typically amorphous silica, alum—ina, zirconia or titania,
organic glues, a clay or combina—tions thereof as a boinder
material, preferably up to 20% by weight based on the
total weight of titania and bind er material. More
preferably a silica and alumina —mixture is used as b inder
where the binder makes up less t han about 30 wt¥,
preferabl y less than about 20 wt %, more preferably a bout
3-20 wt%, still more preferably 4-15 wt%, yet more
preferred 5-10 wt® of the total shaped catalyst supp=ort.
The silica and alumina binder mi _xture may contain 50 wt% '
or less silica, preferably about= 3-50 wt% silica, more
preferably 5-35 wt% silica. In oorder to achieve the
benefits of porosity and strengt=h, binder componentss 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 sugpensions or
sols. For example, alumina sols made from aluminium
chloride, acetate, or nitrate a-xe preferred sources of

the alumina component. Readily =vailable silica sols are
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preferred sources of the silica compeonent. In each case=,
however, care m-ust be taken to avoid contamination of
these binder so 1s by elements that a re harmful to the
active Fischer— Tropsch metals. For e xample, alkali and
alkaline earth cations and sulfur-co-ntaining anions such
as sulfate are potent poisons of cobmalt under Fischer-
Tropsch conditi ons, and hence must Yoe minimized in
preparing suppoIts for, for example, cobalt catalysts.
The shaped catalyst carrier, optzionally after
calcinationh, may very suitably be ussed for the
preparation of catalysts, especiallywy catalysts suitabl e
for the preparation of hydrocarbons from synthesis gas , a
reaction which is known in the litemrature as the Fisch er-

Tropsch reaction. The shaped catalysst carrier after
calcination sheow a surface area betwyeen 20 and 180 m2/'g

(BET), preferably between 30 and 120 m2/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 proce ss frequently
comprise, as t he catalytically acti ve component, a met-al
from Group VII I of the Periodic Tab le of Elements.
Particular cat alytically active met als include rutheniaum,
iron, cobalt and nickel. Cobalt is a preferred
catalytically active metal.

The cataly st comprises the shap-ed catalyst carrierr as
described abov-e and an amount of caatalytically active
metal. The corxtent of metal is prefSerably in the range of
from 3 to 75 wrt% relative to the total amount of the
catalyst, more preferably from 10 t=o 45 wt%, especiallly
from 15 to 40 wt%.

If desired, the catalyst may al so comprise one or
more metals or- metal oxides as promwters. Suitable me—tal

oxide promoter-s may be selected from Groups I1Ia, IIIb ,
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Ivb, Vb and Vib of the Perio dic Table of Eleme.nts, or the
actinides and lanthanides. In particular, oxidlles of
magresium, calcium, strontiwm, barium, scandiuam, yttrium,
lanthanum, cerium, titanium, zirconium, hafniwvam, thorium,
urarium, vanadium, chromium and manganese are Very
sui®able promoters. particularly preferred metical oxide
proxuoters for the catalyst used to prepare the= catalysts
for use in the present invertion are manganesee and
zir-conium oxide. Suitable metal promoters may be selected
froam Groups VIIb or VIII of the Periodic Tabl e. Rhenium
and Group VIII noble metals are particularly suitable,
wit h rhenium, platinum and palladium being es pecially
pre=ferred. The amount of pr omoter present in the catalyst
is suitably in the range of from 0.01 to 50 wat%,
pre=ferably 0.1 to 30 wt%, more preferably 0.5 to 20 wt¥d,
rel ative to the total amourmt of the catalyst — The most
preferred promotérs are sel ected from vanadiuam,
marganese, rhenium, zirconi.um and platinum. Preferred
met-al combinations are CoMri, CoV, CoRe, CoPt orx CoPd.

The catalytically actiwze metal and the pmromoter, if
pre=sent, may be deposited on the shaped carr—ier according
to the invention by any suitable treatment, -such as
imgoregnation and depositiorm precipitation. P:referably the
ca—talyst is prepared by mi=ing a source of b rookite
pa_rticles and a source of catalytically acti-ve metal and
op—tionally metal promoters, kneading the mix_ture and
ex truding the mixture to odtain a shaped cat alyst
pr ecurgor after the typica 1 drying and, opti-onally,
ca lcinations steps.

If the catalyst is to e used in a so-caalled slurry
Fi_scher-Tropsch process th e catalysts are pr-eferably made
by~ incipient wetness impre gnation of spray—-cdried

swmpports.
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A kneading/xmulling method for the poreparation of the
catalyst or a catalyst precursor accorcding to the presemt
invention using titania as catalyst ca-xrier can be
performed compr ising the following ste—ps: (a) mixing (1)
titania in which at least 50 wt% of th e crystalline
titania is present as broockite, (2) a liquid, and (3) a
Group VIII containing compound, which is at least
partially insoluble in the amount of 1_iquid used, to fomm
a mixture, (b) shaping and drying of thme mixture thus-
obtained, and (c) calcination of the mixture thus-
obtained.

The liquid may be any of suitable liquids known in
the art, for exzample water; ammonia; =alcohols, such as
methanol, ethanol and propanol; ketones, such as acetonee;
aldehydes, such as propanal and aromat=ic solvents, such
as toluene. A mmost convenient and prefferred ligquid is
water.

Typically, the ingredients of the mixture are
mulled for a period of from 5 to 120 ruinutes, preferabl y
from 15 to 90 minutes. During the mulZling process, ener-gy
is put into the mixture by the mullincy apparatus. The
mulling proces s may be carried out oveer a broad range o»f
temperature, pzreferably from 15 to 90 °C. As a result of
the energy input into the mixture dur_ing the mulling
process, there will be a rise in tempeerature of the
mixture during mulling. The mulling p-xocess is
conveniently .carried out at ambient p_ressure. Any
suitable, commercially available mull ing machine may be
employed. The amount of energy used im the mulling
process is sul tably 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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and/or extrusion aids in the mixture pr-ior to extrusion.
Suitable additi ves for inclusion in the mixture include
fatty amines, cguaternary ammonium compounds, polyvinyl
pyridine, sulphoxonium, sulphonium, phosphonium and
iodonium compolwmnds, alkylated aromatic compounds, acycli ¢
mono-carboxylic acids, fatty acids, sulphonated aromatic
compounds, alccshol sulphates, ether alcohol sulphates,
sulphated fats and oils, phosphonic ac-id salts,
polyoxyethylene alkylphenols, polyoxyekxhylene alcohols,
polyoxyethylene alkylamines, polyoxyetEiylene alkylamides ,
polyacrylamidess, polyols and acetylenic glycols.
Preferred addit—ives are sold under the trademarks Nalco
and Superfloc.

To obtain =trong extrudates, it is preferred to
include in the mixture, prior to extrussion, at least one=
compound which acts as a peptising agemt for the titaniam.
Suitable peptising agents for inclusiom in the extrudabl_e
mixture are well known in the art and dnclude basic and
acidic compoundds. Examples of basic commpounds are
ammonia, ammonia-releasing compounds, =ammonium compoundss
or organic amires. Such basic compound.s are removed uporas
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 amime is ethanol
amine. Suitable acidic peptising agent s include weak
acids, for exarmple formic acid, acetic acid, citric aciqg,
oxalic acid, armd propionic acid.

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

materials are commonly known in the ar-t.
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The total amount of flow-Emproving agents/ extrusion
aids, p epti.sing agents, and burn-out materialss in the
mixture preferably is in the xaﬁge of from 0.1. to 20% by
weight, more preferably from O.5 to 10% by wei_ght, on the
basis oef the total weight of the mixture. Exanmples of
suitabl e catalyst preparation methods as descr-ibed above
are dissclosed in WO-A-9934817 .

The= Group VIII is preferakbly a cobalt cont=aining
compourad. Any cobalt compound of which at leasst 50% by
weight is insoluble in the amount of the ligqu-id used, can
be suit—ably used in the knead ing/mulling metheod of the
present— invention. Preferably , at least 70% b=y weight of
the coloalt compound is insoluble in the amoun—t of liquid
used, mmore preferably at least 80% by weight, still more
prefer=ably at least 90% by weright. Examples o=f suitable
cobalt compounds are metallic cobalt powder, -cobalt
hydrox=ide, cobalt oxide or mi xtures thereof, —Ppreferred

cobalt compounds are Co(OH)2 or Coz04.

The amount of cobalt compround present in —the mixture
may vamy widely. Typically, the mixture compx ises up to
40 wt% cobalt relative to the total amount of catalyst,
prefer=bly 10-30 wt%. The above amounts of co balt refer
to the total amount of cobalt-, on the basis o f cobalt
metal, and can be determined by known element al analysis
technieques, e.g. SEM or TEM. The cobalt compo~-und may
furthe-r comprise a Group IVb and/or a Group V IIb
compoumnd, preferably a zircomium, manganese O=I rhenium
compoumd. The most preferred cobalt-containin_g compound
is a m-ixed cobalt manganese hydroxide.

The= cobalt compound which is at least par—tially
insolulble in the liquid may boe obtained by pr-ecipitation.
Any preecipitation method known in the art may~ be used.

Preferaably, the cobalt compouand is precipitat_ed by
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addition of a basse or a base-releasing compound to a
solution of a sol.uble cobalt compound, for example by the
addition of soditam hydroxide, potassium hydroxide,
anmonia, urea, or- ammonium carbonate. Any suitable
soluble cobalt compound may be used, prefe rably cobalt
nitrate, cobalt =ulphate or cobalt acetate , more
preferably cobaliz nitrate. Alternatively, the cobalt
compound may be porecipitated by the additi on of an acid
or an acid-releassing compound to a cobalt ammonia
complex. The pre«ipitated cobalt compound may be
separated from the solution, washed, dried, and,
optionally, calcdned. Suitable separation, washing,
drying and calciming methods are commonly known in the
art.

In one embod iment of the process of the present
invention, the c obalt compound and the comopound of
promoter metal a re obtained by co-precipittation, most
preferably by co -precipitation at constant: pH.
Co-precipitation at constant pH may be pexformed by the
controlled addit ion of a base, a base-releasing compound,
an acid or an ac=id-releasing compound to & solution
comprising a sol_ uble cobalt compound and & soluble
compound of promwoter metal, preferably by the controlled
addition of ammosnia to an acidic solution of a cobalt
compound and a poromoter metal compound.

After deposi_tion of the metal and, if appropriate,
the promoter on the carrier material, the loaded carrier
is typically sulojected to drying and calcdnation. The
effect of the calcination treatment is to remove all
water, to décompose volatile decompositiom products and
to convert orgaric and inorganic compound s to their
respective oxidezs. In the process accordimg to our

invention, the calcination is preferably carried out at a
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temperature in tlae range of from 400 to 750 °C, more
preferably of from 500 to 700 °C. Dr-ying is suitably
carried out at temperatures between 50 and 250 °C.

After calcination, the resultincg catalyst precursor
is preferably actzivated by contactirg the catalyst with
hydrogen or a hydirogen-containing gas, typically at
temperatures of about 200 to 350 °C-

The invention is also directed to a Fischer-Tropsch
process wherein ‘the activated catalwyst as here describecl
is used to catal=se the Fischer-Troposch reaction whereir
a mixture of car¥oon-monoxide and hydrogen is converted ®o
a paraffin wax cemprising product.

The mixture ef carbon monoxide =and hydrogen, also
referred to as s-ynthesis gas, are pxepared from a
(hydro) carbonace-ous feeds, for exampole coal, bio-mass,
mineral oil frac-tions and gaseous h-ydrocarbon sources.
Preferred hydroc arbonaceous feeds feor the preparation o £
synthesis gés ar € natural gas and/ox associated gas. As
these feedstocks , after partial oxiedation and/or steam

reforming, usual ly result in synthe.sis 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 i s
also about 2 but may be as low as 1 .

The catalyti ¢ conversion process may be performed
under convention al synthesis condit jons known in the ar t.
Typically, the c atalytic conversion may be effected at a
temperature in t he range of from 15 0 to 300 °C,
preferably from 180 to 260 °C. Typi cal total pressures
for the catalyti c conversion proces s are in the range o £
from 1 to 200 ba r absolute, more pr eferably from 10 to
70 bar absoiute. In the catalytic ¢ onversion process

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

85 wt% Cgy4 hydro carbons are formed. Depending on the
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cataalyst and the conversion —onditions, the amount- of
heawy wax (Cpq4+) may be up to 60 wt%, sometimes up> to
70 wit%, and sometimes even up till 85 wt%. Preferably a

cobalt catalyst is used, a low Hp/CO ratio is used

(especially 1.7, or even loweer) and a low temperature is
used (190~230 °C). To avoid any coke formation, it is

pre=ferred to use an H2/CO ra tio of at least 0.3. It is

especially preferred to carry out the Fischer-Trospsch
reaction under such conditions that the SF-alpha value,
for the obtained products having at least 20 carb>on
atoms, is at least 0.925, preferably at least 0.9235, more
preferably at least 0.945, even more preferably at least
0.955. The SF-alpha values =re derived from the absolute
amount of Cpg and C30 produced in the process. Pxeferably
the Fischer-Tropsch hydrocaxbons stream comprises=s at

le ast 35 wt% C30+r preferablly 40 wt$%, more prefexrably

50 wt%.

The Fischer-Tropsch pro-cess may be a slurry ZFT
process or a fixed bed FT p rocess, especially a
meltitubular fixed bed, pre ferably a three phase
fl uidised bed process.

EXCAMPLES

The invention will be i_llustrated by the fol lowing

non-limiting examples.

Exzample 1
Synthesis of brookite

Nanosized brookite TiO particles were synthesized by

thermolysis of titanium tet=rachloridée in hydrochiloric
acid. The synthesis mixture was prepared by add3ing 38 ml
TACly drop wise to 1900 ml of a 3 molar HCl solution,

while continuously stirrineg. The final titanium

concentration in the syntheesis mixture was 0.18 mol/l.
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The solution was h eated and aged at 100 °C for 48 hours,
under statically conditions. ARll syntlneses equipment
(ex. Nalgene) was carefully cleaned w-ith concentrated HCL
and distilled wate=r.

After ageing t-he upper liquid was decanted. Distillexd
water was added to the TiOp slurry an-d the pH was

adjusted to 8.0 with a 25% solution o f NH3. The TiO2

flocculated and m3igrated to the botto-m. The upper liquid
was decanted. This was repeated three= times in total .

After the last decanting step distill ed water was added.
to the TiOy slurry and 20 ml of a sol ution of 10% NH 4NC»3

was added. The foxmed slurry was filt=ered over a Biichnesr
filter and the foxmed cake was washecd with 4 litres
distilled water. A dry brookite conta=ining sample is
obtained by drying the filter cake.

Specific surf ace areas (BET) weres determined using a
Quantachrome Auto sorb-6 apparatus. X—ray diffraction
analysis were obt ained using a powdem diffractometer
(Philips PW1800) operating in the re—flecting mode with
CuKa radiat.ion. The angular domain weas between 20 20 ° a=nd
85°. The XRD-pati-erns were analysed —for phase recognitzion
and Rietveld quamatification. Transmi-_ssion electron
microscopy (TEM) pictures were obtai-med using a JEOL 2«10
apparatus. Samples were prepared by grounding in butan-wol,
subsequently dropped onto a copper g rid and finally
provided with a carbon film. Element al analysis was
carried out on dwxied powders using t he X-ray fluores<e nce
technique.

Example 2 (compaxative)

Catalyst prepara¥tion

A mixture was prepared containin_g 2200 g commercdia 1ly
available titania powder (P25 ex. De=gussa), 1000 g of

prepared CoMn (OH ) x co-precipitate (astomic ratio of M/ Co
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is 0.05), 900 g of a 5 wt% polyvinyl alcohol solution and
a solution consistincgy of 300 g water and 22 g of an
acidic peptizing agert. The mixture was kneeaded for

18 minutes. The loss on ignition (LOI) of ~the mix was
33.0 wt$%. The mixture was shaped using a 1 -inch Bonnot
extruder, supplied with a 1.7 mm trilob pl ug. The
extrudates were drie<d for 16 hours at 120 °C and calcined
for 2 hours. at various temperatures.

Example 3
Catalyst preparation.

A mixture was pr epared using brookite as synthesized
according to examples 1. A mixture was prepoared containing
177 g of brookite (dried basis), 86 g of porepared
CoMn (OH)x co-precipi tate {atomic ratio of Mn/Co is 0.05)
and 2 g of an acidic peptizing agent and M23 g water. The
mixture was kneaded for 18 minutes. The lcoss on ignition
(LOI) of the mix wass 34.9 wt%. The mixture was shaped
using a 1-inch Bonnot extruder, supplied with a 1.7 mm
trilob plug. The ext-rudates were dried fo=x 16 hours at
120 °C and calcined for 2 hours at various=s temperatures.

Example 4
Thermal tests

The thermal stakoility of the catalystss as prepared in
the Examples 2 and 33 were measured by per —forming
calcination experimeants at temperatures v-arying from
550 °C to 700 °C, wIth a heating rate of 143°/hr and a
dwell time of 2 houxs. The samples were amalysed using
XRD as described in Example 1. The result s are presented
in Table 1.

It is evident from the results in the table that the
catalyst prepared a<ccording to the invent ion has a higher
thermal stability than the titania cataly st prepared

according to the pr ior art. The catalyst according to the
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invention contains very little ef the unwanted CoTiO3 at

a calcina-tion temperature of 650 °C, while the priox art

catalyst contains 48.2 $ CoTiO3 .

Table I.
Catalyst | Calc. | % % % % %
temp. |anatase|brooki tejrutile |Co304 | Co»TiO3
(°C)
Ex. 2 550 61 - 15 24
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
BEx. 3 600 - 69.2 4.9 25.9 0
Ex. 3 lGSO - 67.5 5.1 25.1 2.3
Example S5

Hydrothermal stability tests
The hydrothermal stability of the catalysts as

prepared 1in the Examples 2 and 3 and calcined at time
different: temperatures of the Example 4 were measur-ed by
exposing the catalysts to Fischer-Tropsch process wrater
(mixture of mainly water and a minor fraction of or-ganic
acids, alcohols and paraffin’s with a pH of 3) at aa
temperatwuire of 250 °C during 1 week. The experiment-s were
performecd in a 400 ml stainless steel autoclave. Thae
treated catalysts were filteredd, washed with distil.led
water and dried at 120 °C. The samples were analysed
using XRID as described in Exampole 1. The results are
presentecd in Table 2.

The xesults in the table demonstrate that the
catalyst according to the invermtion is much more stzable

under the=se conditions. While ®&the catalyst as prepared
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according to the art calcined at 550 °C alreaady shows the
formation of CoTiO3, the catalyst according to the

present invention still contains Co304 only.

Table 2.
Catalyst | Calc. | % % % % %
temp. | anatas e| brookitejrutile [ Co3&4 | CoTiO3
(°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

The catalyst according to Example 2 and 3 were tested
for their performance as a Fischer-Tropsch cmatalyst in a
tubular reactor and a similar selectivity am=d
deactivation was obser-ved. It can thus be cosncluded that
the present invention has provided a more tlmermal stable
and hydro-thermal stabble catalyst than the porior art
Fischer-Tropsch catalyst without encounterirmg any

decrease in catalyst activity or selectivityw.
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CLAIMS

1.' Shaped catalsyst carrier containing crystalline
titania, wherein at least 50 wt% of the crystalline
titania is presemt as brookite and wherein the carrier
comprises betweem 40 and 100 wt% of crystalline titanisa
based on the tot-al weight of the carrier, preferably
between 70 and 1 00 wt%.

2. The carrier -of claim 1, wherein at least 60 wt% of
the crystalline titania is present as bxookite.

3. The carrier of claims 1-2, wherein at most 90 wt% of
the crystalline titania is present as bxookite,
preferably at mo st 80 wt%. ]

4., The carrier of any of claims 1-3, wherein the
crystalline tita nia is present as rutile in the range of
from 0 to 50 wt% , preferably in the range of from 5 to
30 wt% and where=in the crystalline titamia is present as
anatase in the r-ange of from 0 to 10 wt%, preferably in
the range of frcem 0 to 5 wt%.

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

6. The carrier of anyone of claims 1-5, wherein also a
binder is preserat, preferably silica, a lumina or a
combination of t—he two of them, and whe rein the binder
forms in the rarmage of from 0 to 20 wt% of the carrier,
preferably in tloe 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 claimas 1-6 the Group VIII el ement preferably

being Ru, Fe, Co oxr Ni, more preferably Co.
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8. Catalyst =or catalyst precurso= according to cladnm 7,
which furthermore comprises one o x more metals or me=tal
compounds of Gxoup Ila, 1IIb, IVb , Vb, VIb, preferaloly
manganese andk zirconium oxide, or

which further_more comprises one osr more metals of

Group VIIb arad VIII, preferably r-henium, platinum a nd
palladium.

9. Pprocess For the preparation of a shaped catalyszt
carrier accomding to claims 1-6, by spray-drying,
pressing, extruding or otherwise forcing a granular— or
powdered catalyst material into w7arious shapes,
preferably b y extrusion.

10. Process fox the preparation «f a catalyst or a
catalyst pre cuxrsor according to -anyone of claims 7—9, by
impregnation ox deposition precipitation of the shaped
catalyst car-rier according to an yone of claims 1-9 with a
solution of one or more metal sa lts, followed by d_xying
and calcination.

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

{p) shaping and drying of the m&xture thus-obtaine=d, and
{c) calcina-tion of the mixture t-hus-obtained.

12. Process according te claim 711, wherein the Grooup VIII
containing compound is a metall-ic cobalt containirg
compound, a cobalt hydroxide comtaining compound or a

cobalt oxid. e, preferably a Co(CH)3 or a Co304 cont-aining

compound, a nd wherein the cobal-t containing compouand

further comeprises a Group IVb amd/or a Group VIIb



10

WO 2005/030680 PCT/EP2004/052379

- 22 -

compound, prefer-ably a zirconium, manganese or rhenium
compound. ' .

13. An activated catalyst suitable for the production of
hydrocarbons obt-ained by reduction with hydrogen at
elevated temperature of a catalyst or a catalyst
precursor according to claim 7 or 8.

14. Process for the preparation of hydrocarbons
comprising contacting a mixture of carbon monoxide and
hydrogen with a catalyst according to claim 13.

15. Process for the prepartation of middle distillate
products by hydmoisomerisation/hydrocracking of the
hydrocarbon procduct as obtained in the process of

claim 14.
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