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CATALYST, A PROCESS FOR THEI R PREPARATI ON, AND THE USE OF THE CATALYST
The presawo oi/ssaenti on relates to a catal yst support and pCHEP@OsIEd net al
catalyst. The invention also relates to g process for the preparation of
the catal yst support and the supported netal catalyst. Further, the 5
invention relates to a process for the preparation of hydrocarbons from

synthesis gas i naWATAL PSDCOSSPERT SMPDOK t SGp £GP Y SUEBEE OF S Mgy &P, LRI S
invention is used. The catal ytic preparation of hydrocarbons from

synthesis gas, i.E&ROGEFXxERRe THE IEaFBERAROATNd e 24P THEO USFdOGEHE i s wel |
known in the art and is commonly refer¢geatesfs Fi scher-Tropsch synthesis.
Catal ysts suitable for use in a Fischer-Tropsch synthesis process
typically contain a catalytically active netal of Goup VIII of the

Periodi c Tabl e of thhe %ésghmﬂbén@ﬂaﬁd%%t@% @Bem shE¥19ad gmsﬁ'o%% 68t h

edition, CRC Press, 1987-1988) supported on a refractory” oxi such as
alumina, titanPd, azsuepAraed Belthdacetakystur 85eofnygolioni déso | n

particular, ir@RgteRi gkel, 98@@%% and EHEhggkygkgE§ﬁ§$ek %nggata%gst

catalytically 20 active ne or such ca rence m
to EP- A- 398428UPEPIA- 278008 EPPACL6Z21BetER- Aa168884, FEEtAe36353%

EP- A 498970 2], BRyAo71710,cLY LBeoFlLSEREL:TEOS e SYOLNESIEy oS o many

other chemc reacti ons e solrd; su cat react ants
and a di | uent hydtoprebens, fmnmcamnabesmptgaenenanbuhbrpmsuabbyaforn1a t hree

por atod, 1o efBEsed Sk ALy B pRBbr i B, S RReRE AR S hhRre
reactor. A packedTbedcaeatybicnpyepenptise afpagkedcbeHons from
synthesis gas, i.e. a mixture of carbon monoxide and
10 hydrogen, is well known in the art and is commonly
referred to as Fischer-Tropsch synthesis.

Catalysts suitable for use in a Fischer-Tropsch
synthesis process typically contain a catalytically
active metal of Group VIII of the Periodic Table of the

15 Elements (Handbook of Chemistry and Physics,
68th edition, CRC Press, 1987-1988) supported on a
refractory oxide, such as alumina, titania, zirconia,
silica or mixtures of such oxides. In particular, iron,
nickel, cobalt and ruthenium are well known catalytically

20 active metals for such catalysts. Reference may be made
to EP-A-398420, EP-A-178008, EP-A-167215, EP-A-168894,
EP-A-363537, EP-A-498976 and EP-A-71770.

In the Fischer-Tropsch synthesis, as in many other

chemical reactions, the solid, supported catalyst, the
25 reactants and a diluent, if present, in contact with one
another usually form a three phase system of gas, liquid
and solid. Such three phase systems may be operated, for
example, in a packed-bed reactor or in a slurry-bubble

reactor. A packed-bed reactor may comprise a packed bed



WO 01/ 83108 PCT/ EP01/05126 2 of solid catalyst particles through which
there is a flow of gaseous and |liquid reactants. A slurry-bubble reactor
may conpiwa@el/gsieont i nuous phase of liquid with the solid PCHERVIYSE26
suspended therein and gaseous reactants-fbkowi ng 5 as bubbl es through the
liquid. In all such operations it is inportant that the supported catalyst

I's mechani cal by s%ﬁﬁangat§9y%QabarQ§c@@%ak¥§5u9ﬂrRhﬁbﬁstﬁ%&%tﬁ'n al 8l

integrity through the entiré operation he stronger the catalyst support
or the supporPédogaearygsendt R avigheeagtaoteat &l pdurbedbmbp libe rieacaor

packed- bed reﬁ\gg EOQ‘F@%@?J ORGRI: 5 nlk LRgs! Eﬁbgé.”%? bi; lgf Wi 8 %%tea's%iadmy be

ina slurry- bu ere is a confinuous i nterest
findi ng catap§§ﬁQYS©rSU§@emdeﬁhéhEm§Ghean¢rgpgehugymehe$astwhﬁde1h@

pr ovi an i o] [ d b0 edrgselegtiyvity t he canversion
of ca?ﬁon nnggéiéggP%%% ég %u%ﬁet%%yggggg§b0%§ ?% Sér ogﬁgﬁtﬁﬁarocgrbons
containing 5 o imppeteatbohast che @uQ§®rhydroeaabgn$"ihemechahheﬁﬂlyand

m nimse the ion_o r i,oxikde a_20 arbon cont ai ni ng
E?Egﬁ Q5 Ehg% Q%Q g % i St par 1cﬁethﬁ ptain 53

by- pr oduct of Al G8, OF "even ‘negative va%u Fpri singly
been found thantmgemtthhrbebha¢heryn@xmdeopsradmbmedThethtaosqbuttﬁ@ of a
precursor of th refrac or ide in a.s ed an cal ci ned,
a catal yst suppgr?ys BPglnedo%hgé SHREORGF PF&%&FE tﬁhﬁ Pﬁg &Fi i nal
refradiory oxcdealpstcatadl ykiycakl ynaat pueksatbbdnegabeoirnbirodieedonger

b tly, pr tageth th th th fract ide. Th
calalyst S0 obbai KEAsBRAFGI EAT 36 RPGnbr ALk Py tgoi het AB- B SHIGEITr opsch.

synthesi s, w bhbule deteipent to the selectivity. An additional beneficial
effect is that the Eaﬁtlcleﬁ have a hi gher density, so
Fu er, ere is a continuous 1nterest in finding
catalysts for use in the Fischer-Tropsch synthesis which
15 provide an improved activity and an improved selectivity
in the conversion of carbon monoxide into valuable

hydrocarbons, in particular hydrocarbons containing 5 or

more carbon atoms (“Cgy hydrocarbons” hereinafter), and

minimise the formation of carbon dioxide, which is a

20 carbon containing by-product of low value, or even
negative value.

It has now surprisingly been found that when the
refractory oxide is admixed with a solution of a
precursor of the same refractory oxide in a solvent,

25 dried and calcined, a catalyst support is obtained which
has more strength than the original refractory oxide. A
catalytically active metal may be introduced
subsequently, or together with the precursor of the
refractory oxide. The catalyst so obtained exhibits a

30 higher activity in the Fischer-Tropsch synthesis, without
detriment to the selectivity. An additional beneficial
effect is that the particles have a higher density, so
that more of the catalyst can be employed in a given

space. Both the higher activity and the higher density



that nore of the catalyst can be enployed in a given space. Both the

hi gher activity and the higher density WO 01/83108 PCT/ EPO1/ 05126 3
causes t vad ot/ksoproductivity of a reactor can be i ncreasrdTEPeGLL6

i ncreasing the volune of the reactor. An3advantageous aspect is that the
i nproved catal yst properties can be obtained w thout the need of 5

i ntroduci ng achustbethat. enedpbbanenivetgnent ai ptacthe cgHppert or the
catal yst. Nanel the presence of such a further elenent could influence

the catal yst bP%ﬁ@?F?ESWlEHBPEdF8?58F§1Pﬂ SReadoérse RanhBE. rAGESPEI-Ngl Y,

the present invenhhoRdpPaRYLEEESuS REPEEESis1Onher tREEPRPLHTE 8§£§h¥§k
support or a supported neta catal yst which process conprises

adm xi ng a r ePFSREEEyCBXFER H%vPF@aéngﬁrVéEBOHFeéthneaﬂ péast 0.5 nR/g

with g solutlQﬂteédacpﬁgcgrﬁeﬁtﬁérthﬁ el €HE aek Y+ OXi dReARdint b gp8UPPOrted
netal catalyst is 15 gared with a grecursor of the nmetal or the netal

itself, yleIdFHQPQrEIBFr he(gatgtyphg ?m?hérth?rQreéﬂﬁce(@f gukbi Ai ng.

The Inventl0nf§£§9e£eé@é§én£OcébﬁdcﬁﬁéhMéﬁcéUQHQrEat§9 ﬁ@d ge§9989rted
netal catal yst which are obtainable by hi's process. fhe T'n ntion al so

rel ates to thenpsedsftaphg BHp@@r@@Heﬁ%@ama@a@aLyst in a three phase
chemical  processacidyfahi ul@ﬁetgr@sgﬁecfﬁ\seﬁe{ r199 6180s ngg%ég ons,

whi ch process conprises con aCtI ng a m xture O car on nNonox e an
hydr dden at ef@VaPéGparéh@e@a@@t@lﬁﬁﬂ @uesgnteomn@hsapsgppedtmdteétalyst

according to the,i ?ggn%¥ggh bPoLbLS &gMﬁpg%gg a refractory oxide is used.

Exanpl es of suitabfe refractory oxides ude alunina, 30 silica,
titania, zirconl aadrinixguresethereofy sutlieasaving a surface area of

at least 0.5 m2/g with a solution of a precursor of the
refractory oxide and, if a supported metal catalyst is
15 prepared, with a precursor of the metal or the metal
itself, yielding a slurry,
{(b) drying of the slurry, and
(c) calcining.
The invention also relates to the catalyst support
20 and the supported metal catalyst which are obtainable by
this process. The invention also relates to the use of
the supported metal catalyst in a three phase chemical
process, in particular to a process for producing
hydrocarbons, which process comprises contacting a
25 mixture of carbon monoxide and hydrogen at elevated
temperature and pressure with a supported catalyst
according to the invention.
In this invention a refractory oxide is used.
Examples of suitable refractory oxides include alumina,
30 silica, titania, zirconia or mixtures thereof, such as
silica~-alumina or physical mixtures such as a mixture of
silica and titania. Preferably, the refractory oxide
comprises titania, zirconia or mixtures thereof, in

particular the refractory oxide is a titania.



silica-alumna or physical m xtures such as a m xture of silica and
titania. Preferably, the refractory oxide conprises titania, zirconia or
m xtures woer/gxabg in particular the refractory oxide i s BCT/EPEMS®26 WO
01/ 83108 PCT/ EP01/ 05126 4 According to & preferred enbodi nent, the
refractory oxide conprising titania, zirconia or mxtures thereof, my

further conprise weddrdEh WPl Fratter JLIAIOMEn OXikeR ﬁexgéa%addr{y silica
or alum na, based on the total 5 weight of the refractory oxide. Mre
preferably, tR&1dsdEeHaAINefridd@dry Gdenis q¥r aderituresorfrarsest ,up to

20 % even mhig RiGRHIADIoM R 10 W AN IR SAIR RASI e The d,8f ract ory

oxi de nost preféerably consists of 10 titania, in particular titania which
has been prep&*ddis/n tyHeadtiseridd isk W pHwmicent diasiasy coorfpouridgalAn
exanpl e of sygh gprepar atjon Jrthed invwalives A Jndial ysi %gle titani um
tetrachloride. It will be appreciated that the 'titania powdér derived from
such pr epar at 264 Ltned rERteaty leexiske t HE dasiseed /sicomparideshagpe.toThus,

a shaping step Ry, %%e%pmdr%dpr%%@a@ﬂyt RENRIAYES %weo\égltg\ek%%% to the

skill ed person and'include pal Fetising, “extrusion, ‘spray-drying and hot
oi | dropping Wetsheds. The refractory oxide is a material having a large 20

surface area. The rf I i | ) /@, . suitabl at. | east 10
n2/ g, especially g?llél erggt%a%%% %fﬁhaeng‘%%t&r g)r%;%%iaa lIyy cé)tnsllesat)sét °§5 n2/ g,

basedl®n BET $uthade, dmepargdsurlemertisaadeomtiing thesASEMnDRGERa32d in

Suitably the sur fa%%%n%ree%rflé%uﬁghmgtcom%o N2/ g;,e especial ly at nost 25 200

n2/ g, on the same “basis. Sraply the Sarfade FFELUNS | A FETFRAGe of

from 40 n2/g bd 30@hnRrgpagattibe serhodddsivel veer dlamentyeiriodlys ial & £
frequently considered nat to,,be suitable, gs their surface atea ig
general |y not
titania powder derived from such preparation method may
15 not be of the desired size and shape. Thus, a shaping
step may be applied. Shaping techniques are well known to
the skilled person and include palletising, extrusion,
spray-drying and hot oil dropping methods.

The refractory oxide is a material having a large
20 surface area. The surface area is at least 0.5 m2/g,
suitably at least 10 m2/g, especially at least 25 m2/g,

and more specially at least 35 m2/g, based on BET surface

area measurements according to ASTM D3663-92. Suitably
the surface area is at most 400 m2/g, especially at most
25 200 m2/g, on the same basis. Preferably the surface area

is in the range of from 40 m2/g to 100 mz/g, on the same
basis. Ceramic materials are frequently considered not to
be suitable, as their surface area is generally not
sufficient large.

30 The precursor of the refractory oxide is a compound
which is soluble in the solvent which is used in the
process of this invention, and which yields the
refractory oxide upon calcination according to step (c)

of the process of the invention. The refractory oxide is



sufficient large. 30 The precursor of the refractory oxide is a conpound
which is soluble in the solvent which is used in the process of this

i nventi oowoansBiohi ch yields the refractory oxide upon caPCi/BRe1/Bmn6
according to step (c) of the process of the invention. The refractory
oxide is WO 01/83108 PCT/ EPO1/05126 5 insoluble or practically insoluble

in the solvent,ssguphBabyl brheti®aa19) Yhky1bB1EhePrasencs f t heg sol ution
of the precursor of the refractory oxide in the solvent. The SolVent may

be an organi ct8akvéfst fogtiehaaslarsyl dneithgl poRekence bédwshekesodmeioa lodner
ester, or a | oyl prebliebo.f 8t @Xampbe Lhan IOﬁgggtgﬂeth%E%%xbeﬁkhy'

ketone. ethyl acetate, diethyl ether or tetra ofuran.” I'n"this’ patent
document, when th&heesmlvedphemayi Yeusadoirgasonj art¢veoh, wsukkhaasorgani ¢

conpound the gLayspeebibes 19183t (hengr oankg comRouAd has gt \Mpst siX

carbon atons, i1n particular four carbon afons re suifabl’'é solfven are
aqueous sol veatBersufhrasxampilet gtéaoblanaceganec msbhyénetanyd keteng.

preferably co [,$i east: 9 e | ess -t han 5Q_ 9%y, of
or gani c soIveg?ﬁygagggééEE15a§ﬁ§R¥g?%FR&é¥§%tE8?98H¥8§8F3§3F3 %nghls
suitably, wateatest deedmastthehsnnghe sekwmeniowehe ski hised person wil |

appreciate th sul.t.abl e recursaors_my for apa fromthe refractory
oxi de, volat? 8§§Bé§ﬁ8§ W Fchagrgrggg%ﬁycP@§%98§ éh?iﬁﬁrphépeféfﬁFﬁcess,
in par@icul artdati hgecakgienati ocompbyndvaper ati nastSeéh vakdbhnl atspeci es may

be for exanpl§ _garbon gioxifgeZr cargon ngnoxid@,_hydrogghgﬁgpi Vacid and
amoni a. The skiPFed*per8dn s abfE P §6PBEr SHftable PRat’FBRS of
precursors andrsohyeabasf eplapyitki ndueh azb5armfikacker yroxndergdhecprecursor
of the refraC28£¥eg§iggdnggtg%,agreferably comprising at least 50 %w
of water and less than 50 %$w of organic solvent, based on
15 the total weight of the solvent. Most suitably, water is
used as the single solvent.

The skilled person will appreciate that suitable
precursors may form, apart from the refractory oxide,
volatile species which are easily removed during the

20 process, in particular during calcination, by
evaporation. Such volatile species may be for example
carbon dioxide, carbon monoxide, hydrohalogenic acid and
ammonia. The skilled person is able to select suitable
combinations of precursors and solvents for any kind of

25 refractory oxide.

The precursor of the refractory oxide may be an
organic salt or complex compound, in particular having up
to 20 carbon atoms. Examples of such salts and complex
compounds are salts, such as acetates, propionates,

30 citrates; chelates, such as acetylacetonates, alkyl
acetoacetates and chelates with lactic acid; alcoholates,
such as ethylates, aminoethylates and isopropylates; and

alkyl compounds, such as ethyl and isooctyl compounds.

Alternatively, the precursor of the refractory oxide is



organic salt or conplex conmpound, in particular having up to 20 carbon
atons. Exanpl es of such salts and conplex conpounds are salts, such as
acet at es,w@oogiiohat es, 30 citrates; chelates, such as acergl/aeetmnm es,
al kyl acetoacetates and chelates with |-acti—c acid; al coholates, such as
et hyl ates, am noethyl ates and isopropyl ates; and al kyl conpounds, such as

ethyl and isoggf ¥in Eglelcy oﬁlntoer%aidhv@sy,a ARG SYr o the
refractory oxide is 01/ 831 8 PCT/ EP01/ 05126 6 an inorgani c conpound,

such as a hydidgrdenisy Séﬁltrl FoCHadisc ss@M3Lideuch as a halide. Suitable

precursors of t't@%ﬁ%%b@b°§&@%u@%%rso%f exapliem bebhaskhyl - idgnate,
i sostearoyl titanate and octyl eneglycol titanate an tri et hanol am ne

titanate. A PEAYPIGirt ASItE aedhpdurid.tane tear tisowltae roorl Ksd ainmteomtsichat i on
with water, '%CEQQe%%@Q@b%q‘%QE%n%&Q A ¢ rid¢hdng g%hﬁh%d %g#ﬁ;e pouch

conpounds are avail abl'e from ONT under the tra recursors
of titani um 10edYoRivdé alpdy ﬁ@m@@@@dun l@omaarthClUdﬁr\MftOhr alsreeflmact ory oxide

uhi Ch COMPIT @i bty bk gices, SW 3l Sril Il fl WmhgomRounds,; Si1 i con

compounds, zirconi um conpounds may Be “sel ecte n conj Unction with
refractory oxiages! \@Ihledlat@@lrr}miltgeiaw -alSwebngompiclundls arr ez iavaddiad,le from

respectively. 0 c e f I y f.orned . in._s )
up to 90% by v[\)g?g)ﬁ]% lblggg %Eftet E&a%efnglt}%sl%ﬁ : Precur P e o%Bf):ﬁl% |n§tu d th t
the m&i ng medhodildar gelyybedetpenldsnormomhemmluods wamht entrSef(rfactthﬁysl urry.

The 20 adm xi f ( i tabl.y be perfor med by nethods known to
t hose skill ed%?{n%t hglthg% %)omg;%)iss%b ll%n)eéacrill ng mulling or stirring. The

gquantity of the pILEE(kBWSGIe ofsuuhebrlef pactndny umoxoaepouhekat isie itcont he
quantity of t%%m%%%%%cgorXr%éhlum compounds may be selected for use in
conjunction with refractory oxides which comprise
15 alumina, silica or zirconia, respectively.

The solids content of the slurry formed in step (a)
may be up to 90% by weight based on the total slurry. It
will be appreciated that the mixing method largely
depends on the solids contents of the slurry. The

20 admixing of step (a) may suitably be performed by methods
known to those skilled in the art, such as by kneading,
mulling or stirring.

The quantity of the precursor of the refractory
oxide, relative to the quantity of the refractory oxide

25 employed in step (a), may be selected within wide limits.
Typically, the quantity of the precursor of the
refractory oxide is at least 0.5 $w and it is typically
at most 25 %w, calculated as the weight of the refractory
oxide which can be formed from the precursor, relative to

30 the weight of the refractory oxide employed in step (a).
Preferably the quantity of the refractory oxide is in the
range of from 1 to 10 %w, for example 5 %w, on the same
basis.

It will be appreciated that the obtained slurry may

35 not be of the desired size and shape to serve as a



25 enployed in step (a), my be selected wwthin wide |imts. Typically, the
quantity of the precursor of the refractory oxide is at |least 0.5 %v and
it is typaai/giios at nost 25 %, cal cul ated as the wei ght PETER@/Sefer act ory
oxi de which can be fornmed fromthe precur3or, relative to 30 the wei ght of
the refractory oxide enployed in step (a). Preferably the quantity of the

refractory oxtdeai§sknsh Fapgeaf shipgBrLctjo 19 ¢f oppgxangl e S %, on
the sane basis. 2 ?S i Bgor pgreglafeggtha? tﬁe 8%?§|neg ?urry may 35

not be of thesﬂéﬁiﬁgds§?@eméﬁd shipauiseder fhaping Wocbniggeegare well
PCT/ EPO1/ 051260y €8t 2h¥sk SHRROLL of eﬁesapgoghadlﬁeaﬁpxs Thus, a

shapi ng step nag be required. Shaping techniques are we known to those
skilled in theaatetampdnpncbudeulpaings i ekhgusgranubarangdrgthogusiod,

spray-fdrying, Qdo§lh85 FEnQVBBPhBQ met hods. The process of the present
i nvention invo ves a 9 step, 1.e. step (b), in which at least a

portion of the theenrOPSS$eﬂﬁvéUe ﬂypseatlynveheioonposbﬂVeasa will be

dried after bef ore i nati or tion hapi and
dryi ng may beggg%ggn ggPh gné g?éé,(ggf g&a%gfgplngs%%égtdg 8 t9of
Al ternativel ypfthee sblveytnay bemdreéd ngmceltpapthg cbmpbeﬁtemasple by

drying a cake b ofe grushin it. 1t w reciated, t at drying and
cal ci ni ng may" bgiconblneaglﬁggﬁé E% Bln§5a?§ %%goﬁﬁbSaﬁﬁéﬂ £-6P"t he
i nveritO on, th@psnbnd$lycoaheptn9fahhedsyungymapthenedmbmnsaemn(ahels

relatively angothegefoie t he adn1X|n 1S 'S i abl Hor g
kneadi ng or ???hg and*thB-thos- 88f3¥n35 P%rrg %%re%gg Byng Pl eti zi ng,
ext rusi on, grahutaylmgyobeZGrmédsbeﬁgrepsﬂépiﬁblytbyfextéusmpme bg this
embodi ment the  solids gpotgnt of the slyrry is tvpically Lo the,range of
that drying and calcining may be combined in one step.
15 In one embodiment of the invention, the solids
content of the slurry obtained in step (a) is relatively
high and therefore the admixing is suitably performed by
kneading or mulling, and the thus-obtained slurry is
shaped by pelletizing, extrusion, granulating or
20 crushing, preferably by extrusion. In this embodiment the
solids content of the slurry is typically in the range of
from 30 to 90 %w, preferably of from 50 to 80 %$w, based
on the total slurry.
Typically, the ingredients of the slurry are mulled
25 for a period of from 5 to 120 minutes, preferably from 15
to 90 minutes. The mulling process may be carried out
over a broad range of temperature, preferably from 15 to
90 °C. The mulling process is conveniently carried out at
ambient pressure. Any suitable, commercially available
30 mulling machine may be employed.

To improve the flow properties of the slurry, it is
preferred to include one or more flow improving agents
and/or extrusion aids, peptising agents and burn-out
materials in the slurry prior to extrusion. Such

35 additives and their use are known in the art, cf. for



from30 to 90 %, preferably of from50 to 80 %v, based on the total
slurry. Typically, the ingredients of the slurry are nulled 25 for a
period ofwéoosaiBsto 120 m nutes, preferably from 15 to 9BCTVERuE$26 The
mul | i ng process may be carried out over & broad range of tenperature,
preferably from15 to 90 C. The mulling process is conveniently carried
out at anbi eakappesswoe9oABY st abke, saorrBLei pebyiavay! agbat30spwl | ing
machi ne may be enpl oyed. To inprove the flow properties of the slurry, it
i's preferreduﬁﬁn?ﬂcgﬁaé 6H¥egplﬁﬁrérﬁlBﬁﬁ#nﬁ?égﬁng1§g§ﬁf§lcahéFoﬁCidS

extrusion ai deavpggt hspre ageptsiandtbor nsQutapBt gi ghsei B, the slurry
prior to extrusion. Such 35 additives and their Use are known in the art,
cf. for WO 01PB8i®E2PEY/ EPOE)651289¢-08 OeRahPl 6, WON9D/ BROSUreyeiy suitabl e

pepti s ng agephsetort psectn ubks LAVEALLPBuRLE, WeaknakldSc geiggrskgul ar
acids having a pKa of at least O, suitably at nost 8, "preferably in the
range of 0.5 ?6 6NtoReAtnehstredannles hareircagcg, cackbie fAiparcituliar

carboxylic achkdsqargxa®ici Btehesha HPbpE¥ANPI gigrmi ¢ acid, acetic acid,
citric acid, oxalic acid and propi onic acid. Extrusion may be effected

using any conventF¥hERS1oRORAErRe atffeabed| ablegernyudenvenhipaaiicul ar, a
screwe 10 typeogxtrudh 09, Maehl ngnBYeLe-used tonf gLEE; Lga gl ULT ¥ LhY,0UO
e d d “extrudates of the

the orifices in a suitabf ie plate to yie e esired
formlOThe strhvidle ¢vrredinponackkne uséynoaaysed tat foocehehdesinedyl engt h.

After extrusi r re dried, L Nng. effected at an
el evat ed tenpggs?%$§,€§%r8g22§%?€ g o%eggéBg%gépgé€2¥%%ﬁ§ g% 66250 C, nore
preferably upexord3d@tes Fhetherdedifed HoynngThs sypavdkl Youpetioubohours,

ror e preferabé%téﬁ?f%%SmgynHéeéuEOtg Pﬁgréésired length.
After extrusion, the extrudates are dried. Drying may
15 be effected at an elevated temperature, for example above
30 °C, preferably up to 500 °C, more preferably up to
300 °C. The period for drying is typically up to 5 hours,
more preferably from 15 minutes to 3 hours.

In another embodiment of the invention, the solids

20 contents of the slurry obtained in step (a) is such that
the slurry can be shaped and dried by spray-drying. In
this case the solids content of the slurry is typically
in the range of from 1 to 30 %w, preferably of from 5 to
20 3w, based on the total slurry. The thus-obtained

25 slurry is suitably shaped and dried by spray-drying.

The extruded and dried, spray-dried or otherwise-
shaped and dried compositions are subsequently calcined.
Calcination is effected at elevated temperature,
preferably at a temperature between 400 and 750 °C, more

30 preferably between 450 and 650 °C. The duration of the
calcination treatment is typically from 5 minutes to
several hours, preferably from 15 minutes to 4 hours.
Suitably, the calcination treatment is carried out in an

oxygen-containing atmosphere, preferably air. It will be



I n anot her enbodi nent of the invention, the solids 20 contents of the
slurry obtained in step (a) is such that the slurry can be shaped and
dried by wpoag3idsying. In this case the solids content ofPCT/EROIZISIZGFY i S
typically in the range of from1l to 30-%® -preferably of from5 to 20 %
based on the total slurry. The thus-obtained 25 slurry is suitably shaped

and dried by éBb@%tQéiEHchaIbei%XH%BQQ@d§nghgrB??ingpéﬂﬁpd%hﬁgtﬂr
ot herwi se- shaped and dried conpositions are subséquéntly ca ci ned.
Cal ci nation i SaéffBéngdsaeremayabed coahpaedture, preferably at a

tenperature betweep 499;apd Z38,CciaRLd 3RaPrefer aly g%y&&@g&%&w

C. The duration of the calcination treatnment Is typic rom 5 mnutes
to several hefirereppspéiabl ypabr garys dependingoed4ghoans theSdesalky, the

calcination t t i I o] (W oxygen- i pi.n t ere,
ref erabl y ai Foort g [ b6 01 64156 PeTrErbl DELIR S0 oaabrearatad t hat.
I f desired, thé Hhyingisiep mmdsphetocakéeninghst Bpstmypulieabdrbimeedod! t
vary, depond a6 etgI aar Retq8L: FARCENEFSRes T b 5afli PERRRER Sl es i
bel ongs to the skil| buppbrthd skiklgdtpmagobetmadel ebichheombatinsukt abl e

met hod for a_gi . f circunstances and requirenments. supported
catal yst may ngﬁagg§§%%gﬁ cS%fgﬁngega?cgfa?fo 8PF§05093v5ﬁﬁetal or a
precuror of theal@tcatalytacalivy methVeonetht oathbgscatapbpst-tsuvpport of

this invention,.Typical a Q,ou Vghl neéal d sited on the
cat al yst suppgpf? ggv?ﬂk%ﬁﬁycﬁﬁgﬁf Y Pe 5?F8n§?9§u@ﬁg§g BPEcREr - Tr opsch
synt hesi s anddebydibgeénahi ohs, catalupper segdp&roypa¥l bh mehal ceakakyst is 15
used. For use_in Ehe FischeE-Trogsch s¥n%hesis itis .
reactions, such as Fischer-Tropsch synthesis and
hydrogenations, a supported Group VIII metal catalyst is
15 used.
For use in the Fischer-Tropsch synthesis it is
preferred that the Group VIII metal is selected from
iron, nickel, cobalt and ruthenium. More preferably,
cobalt or ruthenium is selected as the Group VIII metal,

20 because cobalt based catalysts and ruthenium based

catalysts give a relatively high yield of Cg+

hydrocarbons. Most preferably, cobalt is selected as the
Group VIII metal. A further metal may be present in order
to improve the activity of the catalyst or the

25 selectivity of the conversion of synthesis gas into
hydrocarbons. Suitable further metals may be selected
from manganese, vanadium, zirconium, rhenium, scandium
and ruthenium. A preferred further metal is manganese or
vanadium, in particular manganese.

30 The amount of catalytically active metal, in
particular Group VIII metal, present in the supported
metal catalyst may vary widely. Typically, the supported
metal catalyst comprises from 1 to 50 %w of the
catalytically active metal, in particular Group VIII

35 metal when the catalyst is used in the Fischer-Tropsch



preferred that the Goup VIIl netal is selected from iron, nickel, cobalt
and ruthenium More preferably, cobalt or rutheniumis selected as the

G oup VI wonesabg 20 because cobalt based catal ysts and recheréunsisased
catal ysts give a relatively high yield of LC5+ hydrocarbons. Mst
preferably, cobalt is selected as the Goup VIII netal. A further netal

may be presentsyinth@de®, bHa@ddRoVe he iadkl Wt ¥ hf e 1catalyst, 0% 4 he 25
selectivity of the conversion of synthesi's gas into hydrocarbons. Sui t abl e
further netal $Pfayed@hdelodcSePPORLEs MeivgdnEséa lvaradiPhg L exiakdonidurho

rheni um  scandious,, ang AUtReNHR 14 B ¢lernted . f Wit hele LRl Kas jmBnganese or
vanadi um in particular manganese. "30 The amount of catalytically active
metal, in paPfcgitae fGthgp trthegemgltalpr dfepir cisenthe isupgyeritced 1ymet al
catal yst may yaby W86l ¥ndl ¥R 63, | orkhe $4rRanted Rl ¢at alys
conprises from1 to 50 O/tvrT\I/.of the' cgtral ytyiéca_tl I ytyactriove rh%t fati% %isn R|6Jairt0|ncul ar
G oup VI 35thet ghmghégstlse darcalfomiics rased iof the Frocipe VITIopetika IWD

01/83108 PCT/ EROLHA5E0 va Lo YN ESE3 shATE] 0B Lhe.psiight. of, the metal

relative to the weight of supporte al catalys pre belf to 40
%v, nore preféyablcpldyt at30e%wyton flhensant bBasitypiThed 1yambumbsaf 200e 1.

further netal, ifpre iS4t ypicall rom Q.05 and, 60 %, nore
typically fron10.IRFogggbaﬁF%gn%gkﬁg géﬁgl&Sgi?gyTﬁglg 8WVC FaPr&PsE the
G ouplWl I | nebal metbodise khowinhéo mbealkkiddepr eeesoni.n the catal yst, is

typically at |east 5. nd -t i pi.cal | y at st 200:-1. .The.supported
netal catal yst nagtsﬁ%t§6F§eﬁée§rééa%ggroéﬁcﬁygﬁgtﬁggglkﬁéﬁﬁﬁgg Fﬁglgﬁilled
person. It iscpmpberntéd e pmeroadsoest haecabdl yWuirdakl ytaet i(ve¢ . eanponent s

or precursors_thereof .duri.ng . step._(a). _An Lternative.is that the
catalyticalIya%55598tégﬁpéﬁeﬁﬁg% eh cata1y?icE11Y Wetive ehpondnts

or precursors may be deposited onto to the support after

15 the calcination of step (c). The term “catalytically
active components” includes any catalytically active
metal, in particular the Group VIII metal and any further
metal, as present in the supported metal catalyst. The
term also includes precursor compounds of the

20 catalytically active metal. It is not excluded that, in
addition to the catalytically active components and the
support, the supported metal catalyst comprises further
components.

Suitable catalytically active components include

25 salts of the catalytically active metal, such as
nitrates, carbonates and acetates, hydroxides and oxides
of the catalytically active metal, and the catalytically
active metal itself. The catalytically active components
may or may not be soluble in the solvent, or they may be

30 partially soluble in the solvent.

If the catalytically active components or precursors
are introduced to the support after the calcination of
step (c), conventional methods may be applied. Such
conventional methods involve, for example, precipitating

35 the catalytically active components or precursors onto



or precursors may be deposited onto to the support after 15 the cal ci nation
of step (c). The term"catalytically active conponents" includes any

catal yti sabbyszaetive netal, in particular the Goup VIIIPorERII/BNZE any
further netal, as present in the supportet Aetal catalyst. The termalso
i ncl udes precursor conpounds of the 20 catalytically active netal. It is

not excl uded that suppor2qdisraR 1@ althe o Akl ¢ |a¥1d?’%rt i P%%g}%%’%% and

the support, the su ported met al catalyst conpri'ses onponent s
Sui tabl e cat altyt€ @@ltla}yé;étqa\léym@ﬁérv@n@rﬁme@dt@ 025 P&y sofr st lemto

cat al yti cal | y (agt is\y z)g%%tota' andyot 85t ﬁ'dfm]%’f %%’e e3r R%@%t %% t%rigt%%%tﬁt es,

hydr oxi des and OXId the catal yticall’y active netal
cat al yti cal | y acgdtvieveompoalenitiss glrf prifwaireatral yoigedhley autmveugmmumnents

nmay orgnmay not _he.sqlubly 'Fr%ﬁ%qg %%F%%%%te%r they may be 30 partially

soluble in the solvent. catalytically active conponents or
precursors are |ﬁtp@@ﬂeédeﬁocpn@eQMppoaﬂ mbtepdtbé cakpamahigothef step

(c) ., convent i gual, Jrethods may e ARl 60, p5uehe Canventongl TEiods

i nvolve, for e recipitatin 5 the ca i cal 've conponents
or precur sor s ceriad YW0 th@@t@Stﬁ@ThEﬁ@l&@Etﬁﬁly—attlvbheomppp@mts or

spray-coatingp % eadln% and/ ar |n%r%%qa% e catalytic H% act
n

conponent's or Sprecursors “onfd S the STpport San Fof&xt Pud @ngr nore

catalyti cal | ymaaghinesec oppanentisigols uppecttesiocs thagethers Wbtbesupport 5

terial t tdt ferred ti onal metho
orepar i ng. { hePLBRBRGR ol NoL B CCAAFySL & 6y PrBPEGRALFA] Ente tdon

cat al yst SuprBtehb&o@éﬁal%IB@&kb%l@Chb%ﬁo@Oﬁbogemh$e06t RBlLEEUESOrs as
gg?g?;gtS?LUE%gnsentra%a%esolugg%kt1%”%olgsgang%giigrgog%ahglng supported
cobalt nitrate and manganese nitrate salts. The
15 impregnation treatment is typically followed by drying
and, optiocnally, calcining. For drying and calcining
typically the same conditions may be applied as described
hereinbefore.
Now turning to a use of the supported metal catalyst
20 of this invention, as indicated hereinbefore, the
supported metal catalyst may be used to catalyse a
process for the preparation of hydrocarbons from carbon
monoxide and hydrogen. Typically, when in use in that
process, the metal which is present on the supported
25 metal catalyst is a Group VIII metal and, typically, at
least part of the Group VIII metal is present in its
metallic state.
Therefore, it is normally advantageous to activate
the supported Group VIII metal catalyst prior to use by a
30 reduction, in the presence of hydrogen at elevated
temperature. Typically, the reduction involves treating
the catalyst at a temperature in the range from 100 to
450 °C, at elevated pressure, typically from 1 to 200 bar
abs., frequently for 1 to 200 hours. Pure hydrogen may be

35 used in the reduction, but it is usually preferred to



prepared, nost preferably a highly concentrated solution is enployed. A
suitable method to arrive at such a concentrated solution is to use a

m xture ofonpgiiesr cobalt nitrate and manganese nitrate spCT/EPOITIF€2615

i npregnation treatnent is typically fol+owed-by drying and, optionally,
calcining. For drying and calcining typically the same conditions nmay be

applied as desgpiled mgreirabefrone.q-NoQWnt UHai Bg Q3 +Usg Of jthe supported
nmet al cat al yst %ngeof mt his i nvent_i%/or‘ﬂa%aé1 i ndi cat eld ehergi%r?ﬁeflg:%, t he
support ed net 8Ft&&O&PysTThgnyeBa tiged ameuast alfy by dagogpnopassehndr imhehe

br eparati on ofn; i ac Ah0RS EOBEALAAN o HOBOY 5oaag hydrogen. Typi cally,
1 C

when in use in that process, the neta is present on the supported

25 metal catal yst Acsogdéneusovel predeakedndmboypinealt] pf ahe lredsictpant, of
the Goup Vi ! Lngelakahyspl e3eRllink! 3o TREALLLG hatey Therelare, Jt 1s

&
normal | y advantageous to activate” the supporte oup netal | yst
prior to use byeasu3e Aededt iona inattrhgepr gseneeémofphydeogen at el evat ed

tenperature._gﬁgkgahgx 1 het%%ggggkggskgéglgggtgggghiQg&hthe catal yst at a

t
tenperature in the range from C "at el evat predsire,
typically fromiktnoe200nbadiniagsonlfyr eqemafllly afionnt bd 2@drbgens gaByre

01/ 8at0s poT/ ERo1PoaT6e Ry ST AEEES 43 Branhr RgarsauR AR anrrner

gas, 10 ke nitebdgenveThronekabifveyamogeh ghshydr egengpsesertuire tbe

m xture may range be meegcgéésagd 100 9 According t 3 Qgeferred_

enbodi ment ofgf%e re%ﬁcﬁlon, 5% hB ggﬁgpyéy PE SV%Bgﬂp t 3Vt he desired

tenperature and ptessuyrbel preffeirted Dbt BOgENagastBtMBEphELrEed

SUbsequently’G%QSpCQE?Eyﬁgtgi %g@g?gg%digiggtg,g%ﬁat is inside the
reactor for the preparation of hydrocarbons from

15 synthesis gas. WO 97/17137 describes an in-situ catalyst
activation process which comprises contacting the
catalyst in the presence of hydrocarbon liquid with a
hydrogen-containing gas at a hydrogen partial pressure of
at least 15 bar abs., preferably at least 20 bar abs.,

20 more preferably at least 30 bar abs. Typically, in this
process the hydrogen partial pressure is at most 200 bar
abs.

The process for the preparation of hydrocarbons from
synthesis gas is typically carried out at a temperature

25 in the range of from 125 to 350 °C, preferably from 175
to 275 °C. The pressure is typically in the range of from
5 to 150 bar abs., preferably from 5 to 80 bar abs., in
particular from 5 to 50 bar abs.

Hydrogen and carbon monoxide (synthesis gas) is

30 typically fed to the process at a molar ratio in the

range from 1 to 2.5. Low hydrogen to carbon monoxide

molar ratios will increase the Cg+ selectivity of the
catalysts, i.e. the selectivity of the formation of Cg+

hydrocarbons.



m xture containing only a small anount of hydrogen gas, the rest being
nitrogen gas. During the reduction, the 10 rel ative anount of hydrogen gas
in the gasoni/stise is gradually increased up to 50 % orprPevero1lB026%y. |t
may be preferred to activate the supported3 & oup VIII netal catalyst
in-situ, that is inside the reactor for the preparation of hydrocarbons

from 15 synt hesi sngasveWD 94/ 1AE32mdeashkh®s 02N thid- $hidneabal Y&t which
activation process which conprises contacting the catapyst in the presence
of hydrocar bofNPi §GPEPWVER Iamekadr é§efobaAtaRmicnghgad uatherhyetaeder sparti al
pressure of abnhgatkelanbab raRsnadRlRl enakloy %Ee|%§§%e%g bar %b%t’n%% nor e
preferably at |east 30 bar abs. Typically, in this  process the ygroggn
partial presstiréipsodt crRbsltZimapganeabs+ Yhaaghiooesoff et flkeespr égarati on

of h ocar bo f $.,0 L5t ¥pl I rei t,a
tenpg?gture géeiEgghgéﬁgggg%éﬁyf?gnF§§5X?gggg5¥C?§p%gﬁgfggk§§fP&ﬁpl75 to
275 C. The pressunrehks uyphgakhythestibeghangavahqgf BORLgh h9dis@ehRak ,abs. ,
preferably fron1g to 80 bar abg.,_in garticulak,fron15 to 50 bar abs.
Hydrogen and C3FBBR WORGXLHE eSYRifeiPEigas) i §higoepppraBeny £86 to the
process at a HpHabgeat ke tArbBR mbABYEdEr ABLArt @a24i8. 1hOWHRYJEAGEN olr0

car bon nnnoxige mplar ratios will increase the C5+ selectivity of the
catal ysts, i.&I%Fnhé-gef8ctivi P§YoPet HESFHormation of C5+ hydrocarbons. WO

01/ 83108 PCT/ EPO1+Q5136s hoaglykeﬁ@a@rvehec&h? evBadi et rQf nkREciHvention
in which the Goup VIII netal is cobalt and the further netal is

manganese andP®Y VarAdriffighréAcaranpresant in ampacamle ipathe sfinge
cobal t / (mangapess toga@gd&gnbooﬁlag/hga§gr1gk;mp§et@§O§5¢O§ekgct|V|ty of

t he catal yst 280665?9§7E[y hi gh,
The term “GHSV” is well known in the art, and relates

15 to the gas per hour space velocity, i.e. the volume of
synthesis gas in N1 (i.e. at the standard temperature of
0 °C and the standard pressure of 1 bar (100,000 Pa))
which is contacted in one hour with one litre of catalyst
particles, i.e. excluding interparticular void spaces. In

20 the case of a fixed bed catalyst, the GHSV is usually
expressed as per litre of catalyst bed, i.e. including
interparticular void space. In that case a GHSV of
1600 N1/1/h on catalyst particles corresponds to about
1000 N1/1/h on catalyst bed.

25 The term “gas hourly weight velocity” (“GHWV”
hereinafter) relates analogously to the volume of
synthesis gas in N1 (i.e. at the standard temperature of
0 °C and the standard pressure of 1 bar (100,000 Pa))
which is contacted in one hour with one kg of catalyst

30 particles. GHSV can be calculated from GHWV by
multiplying GHWV with the applicable catalyst density.

The process for the preparation of hydrocarbons may
be conducted using a variety of reactor types and
reaction regimes, for example a fixed bed regime, a

35 slurry phase regime or an ebulliating bed regime. It will



even when using synthesis gas having a high hydrogen to carbon nonoxi de
atomc ratio. In this enbodinent the hydrogen to carbon nonoxi de nol ar
rati o i nwoelsange of from1l.5 to 2.5 may be used. 10 ThechaBoimsuze y space
velocity ("GHSV' hereinafter) may vary-wighi-n wi de ranges and is typically
in the range from400 to 10000 NI/I/h, for exanple fron1400 to 4000

N1/1/h. The tedng p%i%\éla&dvedﬂww élrkéhﬁfacrﬂe i the
gas per hour space velocity, i.e. the volume of synt |s gas |n (1.

at the standarif} éffer AR BING (°TC HHR newec st daaingy ddmy end 1 bar
(100,000 Pa)) 1 thirfled S HONACHSM Ly NG RGHE N afte diid 16 ofy gt al st

particles, i.e. excluding |nterpart|cular v0| spaces. e case of a
fixed bed cat @egston thwe GHSCH sthsueddty appmresisdd as qeery 4t tpartofcat al yst

bed, ige. incl t ol ce. In that case a GHSV of
1600 NI /[1/h onsli%laetn% yllstrél gjgﬁ?e{%lrgésgc?%r \rﬁes%oqﬁl to about 1000 NI/1/h on

catal yst bed. 25 ‘Ehle,rttl”@rrm "@aswﬁdurhlw Lweiegiﬁtcmei cnhatty ‘the' GHAXI'led
her ei nafter) tes A e.v s nt hesi as in N
) é%&%l $% été r%t%% %ﬁrﬁﬁ

(i.e. at the stan ure of C and pressure of 1
bar (100, 000 I@ap)n)dlum:lr(sh hesr corstrasticid rraatetdrowon/ﬁjidumtadfg afhecat al yst

oL o (R S ST S LR, Sl v
hydr ot@r bons rm;efberr(emhchust eﬂbuxshypgspaoeameelqclofy m%@CtdypetrwJ&fpc&ﬂCthe
or an ebul | atiRE B0d PR HOdaT] SO to BB EIR P EPRIRS T 0FIbE . ha” be
appr eci at ed t Hat 1tsheie$112t@ad)ftd hepcaattal e Wdﬁc@a&&onﬁ%Wn%&fééi@pendl ng on
the reaction r%% esstm?%h a fixed bed regime, preferably the gas
hourly space velocity is chosen in the range from 500 to
15 2500 N1/1/h. If it is desired to operate the hydrocarbon
synthesis process with a slurry phase regime, preferably
the gas hourly space velocity is chosen in the range from
1500 to 7500 N1/1/h.
It is a particular aspect of the invention that the
20 catalyst support and the supported metal catalyst have an
increased strength. Therefore, when in a chemical process
a fixed bed regime is applied the catalyst bed can have
more height, or when an slurry phase or an ebulliating
bed regime is applied there is less attrition of catalyst
25 particles. Less attrition may lead, advantageously, to a
longer permissible residence time of the supported metal
catalyst in the reactor, and/or to the less formation of
fines. When there is less formation of fines there will
be less danger that fine particles will pass the filter
30 in a filtration step for removal of catalyst particles.
It is preferred to use the supported metal catalyst of
this invention in a slurry phase regime.
The invention will now be illustrated further by

means of the following Examples.



intended for. It belongs to the skill of the skilled person to select the
nost appropriate catal yst particle 5 size for a given reaction regine.

Furt her, wo ousdibs be understood that the skilled person iBCcTapalseét o

sel ect the nost appropriate conditions-fds a specific reactor
configuration, the reaction reginme and a work-up schene. For exanple, the

10 preferred g@@F%g@rhy space velocity may depend upon the type of
reaction regi ime at is being applied. Thus, if it is desired to operate

the hydrocarbon sPntRESITY “efo@asarrrh cantiaiad nged O @gins, byr efedighd y t he
gas hourly sR@%)V%!oqmetrxeilasim%%%rn'aweh%irt%q%of QB00 56 13, 2500

N1/I/h. If it is desired to opérate the hydrocar synt hesi's process with

a slurry phas®egegisag, pmTefeidhics atlea gasm?our | pASIPATS eal-oRi)t)y, is chosen
in the.range frgm 1500 to 750Q N /I/h. IS articul ar aspect of the

i nventT on tha@'ghEbW26°85F§F¢ 1§U6589932h& FﬁgCEUébéFW@ﬁrhe@a@ PRl yst
have an incregasad)st rengt h~afhepelore, wherdyn & ghep cale pracess a fixed
bed regine is agplﬁgd4t e Batalysta gdagangﬁg&é %ngrgﬂkgﬁﬁhgﬁ%or when an
slurry phase ammaniebulslailat iofg 1akedcr agide tiis aappld qddthened S @$s
attrition of cataI%st 2 articles. Less attrition n%y | ead,

advant ageous| $3GY8 SO H%éPnpéPﬁF§sFBFetFégﬁdéﬁéé ORI he lsdp Pt ed
metal catal ystticAct heideasidon 2 0apdhowate rt. Nenlee$3 e MkisoR ph yfdnes.
When t&ere is less formation of fines there will _ be I'ess danger that fine
partitles w | ATp88s thxeugh edr agomigey - Ther &€ison tdtgp PR Lcd fev ale 16t

catal yst particghesned tini $iRr ebernedot® Hse sble ~sUPREt %%tlﬁ%%lt catal yst of

this invention in a slurry phase regine. The invention will now be

il lustrated fBFEREFeRyWasesNYI6FteAe tPoVREROHE ERAHS-es. WO 01/ 83108
PCT/ EP01/ 05126 1Bne particle density was found to be 2.25 g/ml.

The strength of the catalyst particles was tested by
15 subjecting a slurry containing 5 %v of the particles in
water to high shear forces during 30 minutes, by means of
a high-speed mixer operating at 5750 rpm. The temperature
of the slurry is maintained at 20 °C. The particle size
distribution of the fresh particles and of the particles
20 after the shear treatment was determined by laser light
diffraction. It was found that there was no significant
decrease in the volume weighted average particle diameter
caused by the shear treatment.
The catalyst was tested in a process for the
25 preparation of hydrocarbons. A micro-flow reactor
containing 10 ml of the catalyst in the form of a fixed
bed of catalyst particles was heated to a temperature of
260 °C, and pressurised with a continuous flow of
nitrogen gas to a pressure of 2 bar abs. The catalyst was
30 reduced in-situ for 24 hours with a mixture of nitrogen
and hydrogen gas. During reduction the relative amount of
hydrogen in the mixture was gradually increased from 0 %v
to 100 %v. The water concentration in the off-gas was

kept below 3000 ppmv.



Exanple | A slurry was prepared containing 20 parts by weight (pbw)
comercially avail able titania powder (P25 ex. Degussa, BET surface area
50 n2/ g WSIMIB663-92)), 5 8.4 pbw conmerci al |y avai | abl pCOEP@HSR26p0WdET
0.8 pbw M(Ac)2.4H20 ("Ac" neans acetate)g 3.7 pbw of the ammonium salt
of lactic acid titanate (obtained as an aqueous solution under the trade
mar k TYZOR-LA), 1. L Cltr y r.. The sl urry was
sprayed 10 dried f%ﬁgﬁgﬁ“ ngﬁ?ﬁﬁﬁﬁéf{q@%g¥%%$%3¥%%§5§aﬁﬁgg|ggeﬁéfg

cal cined in a3l fogr BbisouThst PBBPaCative ot dlyystocsabopseparsedanas ed
subjected to (Al t est s. t] nsity was found tqQ be 2.25 g/nm.
The strength g)?]tt ﬁ'g%é]at%a agtt-ﬂgz%r %?f(rzlhél?r% %%t 2‘35 e&at]):y onlglosnﬁﬁﬁlg%t iar?¥g |
slurry cont ai Higd§05 rr iof ofhd .darlt.i dlhes GHWV watomntieol hioglbshear forces
during_30 m nutes, by nmeans of a high-speed m xer operating at 5750 rpm
The t enper at ufe PN IYKe/&-uthe irSardilfraitseR R troee. expeesared s tHize

di stribution akigheclr ask rRakt belesand Ak e ANt ales 20 1aft ¢ itfig shear
treatment was deternmned by laser light diffraction. It was found 1 hat
there was no $GRi iRy SHOLESISE iBF IRETWGISURY dneicghbea RFedagd particl e

di aneter cauggdchyahhetsheat ilneat gent nolhe ¢akalkyslkowvas Ree%ti%qd- n a
process for the 25 preparation of hydrocarbons. A nlcro-Fﬁo r eact or
cont ai ni ng 10e%Pr€ﬁSﬁﬁeaéa9éﬁV§@SiWYﬁﬁ@Cﬁéb@moPr@dpﬁie@erbédﬁa& catal yst
par ti g s s chealgdcl po3 (i RTRE! Al 0fi ng?8AeCycdNd BLERRUL 364 Wi th 2
continuous flow of © nitrogen gas to a pressure of “2°bar “abs. € catal yst
was 30 reduce@airfisiles)f eer2fhohgur $hai sk lacriivtitiye odf CObt r egemesard in

hydrogen gas. .During reduction the relative anmount of hydrogen in the
m xture was gf&ﬂ&&l%92iﬁ 84864 Framtd vy tor SheopuoberTRE Wedes CO

ConcentratiOnc%ﬂv%@%egﬁféQQStW%Ssﬁqgth%h%W %gogyggg%arbons containing

5 or more carbon atoms (Cg+ selectivity), expressed as a

15 welight percentage of the total hydrocarbon product, were
determined after 40 hours of operation. The results are
set out in Table I.

Example II (comparative)

Example I was substantially repeated but with the
20 difference that no ammonium salt of lactic acid titanate
was present in the slurry. The particle density was found
to be 1.84 g/ml. A 10% decrease in the volume weighted
average particle diameter was caused by the shear

treatment. Further results are set out in Table I.

TABLE I
Example I II *)
Weight time yield (g/kg.h) 496 405
Space time yield (g/l.h) 1136 746
Selectivity COp (%mole) 0.78 0.76
Cg+ selectivity (%w) 88.3 87.5

*): Comparative



WO 01/83108 PCT/ EPO1/05126 - 16 Follow ng reduction the pressure was
increased to 31 bar abs. The preparation of hydrocarbons was carried out
with a mwour/gies hydrogen and carbon nonoxide at a Hz2/ Cerr/aproimsofe 1. 1: 1.
The GHW anpunted to about 5 4200 N /kgfhl7The reaction tenperature,
expressed as the weighted average bed tenperature, was 240 C. The wei ght
time yield, expregsediag @eanmRyMdreearbaR RROPUGH RE k@ Gat alyst
particles per hour; the space tinme yield, expressed as granmes hydrocarbon
product per |iCPESLYS teRfalEysmpdar tliclies -( iBFCCudiing ttise ths d@vl@@tt\ﬂ,@en t he
particles) pershquich bRe 38! e¢linvithy %fatg?. st @33 l'en 1l e
obtained relative to the nunber of noles converte & t he seI ectl vity
t o hydr ocar bog&T@GFE&ILNEN§a tE 1os trip td ec &tiyen gatho me d( Che $@Ir@cttql\ﬁ ty),
expressed as @oh3i&i ghte RELEEH a%%dOfthtehﬁ\ h%%'ar%mf %fd%%@ iR 0%% ver e
determ ned after 40 hours of opération é’ resul set out el'abl

|. Exanple || ifchipaeari ¢g) abcarmsile sit w&sgﬂél@b@ta&msl alnldy ar @p@atle'@tbut With
the 20 differ h a [ f Lacti cid ti
present in thggg%ﬂl%r%tasgr%e g’ﬁ?’f’?{’pe %etﬁéﬁlfnltm%% g%n(?%lteoctt%e@%% /rri. A
10% decrease in the vol une wei ghted average particle dianeter was caused
by the shear treatnent. Further results are set out in Table |. TABLE I
Exanple | 1l *) Wight tine yield (g/kg.h) 496 405 Space tine yield
(g/l.h) 1136 746 Selectivity C02 (%mwle) 0.78 0.76 C5+ selectivity (%)
88.3 87.5 *): Conparative WO 01/83108 PCT/ EP01/ 05126



- 17 It will be appreciated that in various aspects the catalyst of
Exanple I, i.e. according to the invention, is nuch better than the

catal yst vobotsanpl e 11, i.e. the conparative catalyst: ther/gproiarsgich and
the particle 5 density are higher, and £ heg hydrocarbon production rate is
hi gher, on a catal yst weight basis and a catalyst volune basis, wthout
detrinent to the selectivity. WO 01/83108 PCT/EP01/05126 - 18 CL Al MS
1. A process for preparing a catal yst supperyy @ a supported netal

catal yst which process conprises: (a) adm xi ng a refractory oxide having a
surface area of at least 0.5 n2/g with a solution of a precursor of the 5
refractory oxide angdrobbsa $59p9&EFQrﬂﬁgah ea&ahgék b§p96§9a5§d with a
precursor of the nmetal or the neta itsel a slurry, (b) drying
of the slurrySUBRETCEE) MehRei ARRGLYED zhlAhppé@é§§Sa§ompanﬁea tinclaimi,
characterisedkp aam§klheeapgeﬁyséegr9fokmaerﬁée§9505yse§k9§ 'érga ggani
salt or conplex conpound process as clainmed in clarm

charact eri sedati hetbat Ot hemPébr a¢tary esideicanpfi seprittapba amdchbe 15
precursor of thﬁﬁre ractorg OXIds is_a precursor of titaniumdioxide. 4. A
process as cl Af MBACTR*Eng*oF cPEfms11- 3, SURRr&efePrEad FALEAYFTL A8
guantity of thepéeédrSQEtﬁfa phecuetbacber yheximdealSokrnthhemeange of from
0.5 to 20 25 9&/ Erefera y fron1} to 10 %v, calculated as the weight of
the refractory-okide WAFLATBIn3b& EEFed from the precursor, relative to

the wei ght of (bhedegingchberynheoxidergnphayed in step (a).

(c) calcining.

10 2. A process as claimed in claim 1, characterised in
that the precursor of the refractory oxide is an organic
salt or complex compound.

3. A process as claimed in claim 1 or 2, characterised
in that the refractory oxide comprises titania and the

15 precursor of the refractory oxide is a precursor of
titanium dioxide.

4. A process as claimed in any of claims 1-3,
characterised in that the quantity of the precursor of
the refractory oxide is in the range of from 0.5 to

20 25 %w, preferably from 1 to 10 %w, calculated as the
weight of the refractory oxide which can be formed from
the precursor, relative to the weight of the refractory
oxide employed in step (a).

5. A process as claimed in any of claims 1-4,

25 characterised in that the solvent is an aqueous solvent.
6. A process for producing a supported metal catalyst,
characterised in that a precursor of the metal or the
metal itself is deposited on a catalyst support which is
prepared according to a process as claimed in any of

30 claims 1-5.



5. A process as clained in any of clains 1-4, 25 characterised in that the
sol vent is an aqueous solvent. 6. A process for producing a supported

nmet al catveabyss3108 characterised in that a precursor of theparER/05126t he
netal itself is deposited on a catal yst-support which is prepared
according to a process as clained in any of 30 clainms 1-5. WO 01/83108

PCT/ EPO1/ 05126 - 19 7. A catalyst support or a supported netal catalyst
whi ch is obtai’lnabRecbyadyptoceppoas olkabknedppnrany maeadf cachaiyss 1-6. 8. A
supported netgl .cataly imed in claim7, 5 characterised in that the
catalyticallyagé ﬁvgsnékgsipékge oﬁpp6PFFsﬁe?5I?EBF@F réBI?n8088Ft9%9. A
supported netalacmsallyét as clained in claim7 or 8, characterised in that

the Goup VI1} netal is esent t least partly.in tallic for 10 10. A
process for p?édu%iﬁﬁpﬁggggéaWSBﬁz,Cﬁﬁ?iﬁsgraéeééalES Fpsgia&Bnggcting a
m xtur®e of carbenaobroxsdd andthhydrhgenashletevaled heppecakwrgland a

pressure with_a su ted tal catalyst as clained in claim9, preferably
ina three phg§8u8hgﬁ?é WeEgECe8§? L2a8T) 23812

9. A supported metal catalyst as claimed in claim 7 or
8, characterised in that the Group VIII metal is present
at least partly in metallic form.

10 10. A process for producing hydrocarbons, which process
comprises contacting a mixture of carbon monoxide and
hydrogen at elevated temperature and pressure with a
supported metal catalyst as claimed in claim 9,

preferably in a three phase chemical process.



