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*COBAET BASED FI SCHER- TROPSCH CATALYST The present invention relates to a

new proces%vg)g?s{glw preparation of a catalyst or catalyst prRegpregossssne
catal yst or catalyst precursor thus obtaiped and a process for the

preparation of hydrocarbons from5 synthesis gas using the new catal yst or
catal yst precursor. The preparation of hydrocarbons froma gaseous m xture
conpri sing carbon nonoxi de and hydrogen (synthesis gas) by contacting the
m xture with a 10 catal yst at el evated tenperature and pressure i s known in

the literature as the FCSBAET-BASPS CNI SOHERErRGESEMIGAIALRssed in the
Fi scher-Tropsch synthesis often conprise one or nore netals from G oup Vil
of the Periodic Table of Elenents, especially fromthe 15 iron group,

optional ly in conbipatppdsent hivén ol st Od sy PrHHsIBGH S as
pronoters. Recently, particular_interest has been given to catal ysts
conprisi ng cobEhe BEeREatien 9fizF35PLRE WF PISFWGIAA mat i on

wWith one or nofge ELERLES S£! 88t LTyt B Zdd € WHUMMoBt diHEd BndE g oni um
vanadi um and manganese, especi al |l y manganese, and supported on a titanic

carrier. Such REPERSStIaF cCRACRFEPIFAHEOM QL AMATRRAT BRI Thal®r i bed, for

exanpl esin thes%@ﬁ?éélé’a(;éém@s%g | i eria | a1t &Y Al il et 1 on
publication 25 . WD 97700231 and European Pat'ent Applicat’i ons No.
96203538. 2 andPOBWPERY. 3. Typically, the catalysts in the prior art have

been prepared by igpg 2%1‘?%/9%?9%“ aopq{%%ggrpsr Ofgzc;rpvﬁo%%;? re sol uble

cobalt salts and a qu ., 0 6 MAY 2
PCT/ EP98/ 08545nixureg ot ompr ising | caxkbhynengsite and diydrtagsn and optional |y

. tivati . i tJ f i , It

Wi usual 1y b TRREERFEqasl B CodRECE Ol R S Lt e,

Howevel0 the Scaexlysin cbbglevaba@it@nnmtm dred qixtess ek biys krsawryl e

| mpregnati on S%ﬁpuhé ifféﬁﬁ}?g Dy 4he P& o) Sy tJlfh&ae{Ji'ser and the
salt. Inp e na

solubility of e Coba ractice, sever I nmpreg 1'0n" steps are
needed to obtain tOztalkgstedusednin tyhefFicodien-T rdps areeyrftdredtiG such a

e ooh %ok EARRE L Soh O RS TARRL AR SRE Y o
the Periodic Table of Elements, especially from the
15 iron group, optionally in combination with one or more
metal oxides and/or metals as promoters. Recently,
particular interest has been given to catalysts com-
prising cobalt as the catalytically active component,
in combination with one or more promoters selected from
20 zirconium, titanium, chromium, vanadium and manganese,
especially manganese, and supported on a titania
carrier. Such catalyst are known in the art and have
been described, for example in the specifications of
International patent application publication
25 No. WO 97/00231 and European Patent Applications
No. 96203538.2 and 96202524.3.
Typically, the catalysts in the prior art have been
prepared by impregnation of a porous carrier with one

or more soluble cobalt salts and a quantity of a
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sui tabl e Fi scher-Tropsch catal yst al so may be prepared by nulling ?ﬁr AY
‘kneadi ng al umina (EP 0 455 307). silica 15 (EP 0 510 771) or zircdm YAEB o

810 772) w | uble or insoluble cobalt source. In that pmeyppshisise My
be obt ai n\é@(a???séﬁlgi s extruded, dried and xalcined in order to get a

catal yst or catalyst precursor which may be used in the Fischer-Tropsch
reaction. Especially 2Q i,n th S . i . 1 nsol ubl e. cobalt spurce, a
sufficiently iﬁod'ﬁeln%ad&r?gﬁo weg:edo%% %r%f%e%%%ﬁl% tehn% ?%’fla?’??/g%{/ - -
si npl e processctiwiatdlire flor thze casea corprerei ahpseagiatidovees, i n order
to obtain nechani cally strong .catalysts, the extrudates have to 25 be

cal ci ned at r§1°a‘tq‘\?el‘{?riﬁlgfrf’t é%pé‘f‘&t&ur‘gs}laltp‘ryee%er mslo? a‘h‘? oPt25Y ci nati on
t enper at ures iwg thhat mrdihaedically $it meaid @xtnakats. abwarseat y ©d ect ed. Thus,
there is a need in the art far mechani cal Iela stronc%éFi ropsch

her -
catal ySts wit MeXifugh 9aBRditnd SR & CabRsi chjtsﬂcﬁ‘gr%;ni‘Jl%mgle

preparati on priggReynation tGep HisgrpAfidt@mNasy thSWdid svébhe 6 has now
been found that nechanically strong catalysts with a hi 932’;1' oadi ng_of cobalt
EPO - DG ' 0 éheagaxggerandtheFolubility pf Hhe,qRdhiSakt f offance can

be prepared by,,adiglaal, \Wlvwe rH1Min figasSion |t disd tdfdllfdeadd s been
found that thé mxing of an at |east partially insoluble cobalt conpound, a

liquid, and tiokddi® fheodasd b AURRtiS YA fePRavkt caits merd r&uits in a
mechanigal |y Styang GRiMerStoNaMidME 3 &/ (IO | #dd Yerad Co+

sel ectivity when used in the process for the preparation of hydrocarbons.
Thus, the pregaepPanardmn of catalestso @ fr rXwrererali(sedkepreparati on of

a cobal t-containi Rg ¢atahest, (yes(&qtiqj@@tirprﬁ[ﬁslgforaw%ﬂ@g: (a) mxing

(1)- titania or a'titania precursor, (2) a , fretal lic cobalt
powder or a cehdltebdergtsahe wfingpsahwdat oy sorpoimdndys ke presaredrtial ly
i nsol uble in I quj v O r 1 e; ) .Shapi ng
and dryi ng of %gﬁ%‘i}‘(ﬂ{}}& g;rt %séégg#{aqdr?g ; annazj %Eg) %na cslmnjei(ﬁj){)’n SO#P%%%
conposli i on t WEP dbtSdihed.l)The micurwsiaof (Rhel pfre&eht2)i nudeth i on

advant ageousl y._pr.oui de S| r f i of 20

cobal t - cont ai rﬁoﬁ‘dl%\éaet ﬁsrygtngoorwggleglc%g}%ﬁp%r esgclg}}%%ere', pff’rgg%{% n"(g';;)ép e a;?aste
mechani cal | y sdayomg cditadiysid whdwWng sa enitgtuded | vdtjedmhdSdabeimedi vity
when used in FEi scg‘gTr sch .synth sils. The titan a 1g‘or i ncl usi onlyif r}ét he

m xture may fdrt 5% Ol f WY Fol by et phit FHESRSTRRE ¥t hct ory
oxi de, typi ca]Icnlaw &1é iad ailxurﬁrreg El?rso'diel;]m-omfdpsﬂli ﬂeﬁm/oraslms;bécmﬁ@ll¥
materigl, prefera up to l oo by weight on .the total weight o

refr acjtad)ry oxide tg*% Ctﬁpsf?dé? r}tﬁ‘é{q a0 %ﬂsé?bﬁ‘fstg‘g? y‘,:°t?5?r1het tTV4RFe HAs been
prepared in thamtisanae 130 Wifgls Ul qadiing ot atsbaApt e B dsbtAnexanpl e of

such preparation . nmethod involves flane hydrolysis of tjtapium
tetrachl ori de WHGh #hi%ehatiKREY a3d1"é°alceo %‘?%%l'l ys‘é"nrd"‘t?ise \/\%P?-%%V\?P a3

material for usfmdrdiel el atHowevr, in order to obtain
mechanically strong catalysts, the extrudates have to
25 be calcined at relatively high temperatures. The
drawback of high calcination temperatures is that the
catalyst performance is adversely affected.
Thus, there is a need in the art for mechanically
strong Fischer-Tropsch catalysts with a high loading of
30 cobalt, obtained by a simple preparation process,
showing a high performance.
Surprisingly, it has now been found that mechani-
cally strong catalysts with a high loading of cobalt



AMENDED Sl i EE~f 0 6 MAY 20D2 f - 4 catalysts or catalyst precursorsEFDe DG
titania suitably has a surface area of fromO0.5 to 200 n2/g, ”‘I{@MAY 00
_preferably of from20 to 150 n2/g. As an alternative or in addition ?3
titania, the 5 m xture nmay conprise a titagia precursor. Titania may H@Z 01. 20
prepared by heating titania hydroxide. As the heating progresses, titania

hydr oxi de i s converted via_a nunber. of internedjate forns and the
successi ve | 0s&n8f 2& R¥ABereBf RALEPTRBREEUFRE PRt BrEPRARAFAPYFSr the

purpose of thisc1Qrspecif s¢abienprbBester " bhtankbaiREECUESREs baeho be
taken as a reference to'titania EydrOX|de or arny of the aforementioned
i nternedi ate f&pued Fhat| it§ei @imapobefany af sapsabrertiglidsiRAewkbia t he

art, for exanp er.; i a, aleqhgls uck .15 apgl napnol and
propanol : keto%ggéggu%ﬁmgggggétgng?&ngéhﬁags?nggﬁ;agggég g%afhghggg’

aromatiT sol veAtyinguehdasaleinéne. TASHBSE ébneemfehanandlpreperead |iquid
I's water. Any EQQéggsEOHHQEH nyﬁ@?caoeﬁ E8€§bi§goaﬁa gﬁ*ggélé tivicy

insoluble in the ambunt of the liquid used, can be suitably used In

process of thewpeaseaedi ainefiheonroPeefefall yheaprepasat¥on 6§ wei ght of the
cobalt conmpoungd,,i;S Al lupl e in the anobunt of |iquid used, nore preferably
at | east 800 bgyagféﬁ??°§?r|| nore preferably 25 at |east 900 by weight.
Exanpl es of suitablbusebéht pospeuhdsnuentiobakelaydsokpde, probaks bHxikde or

T xturgg thereat, BLeLeriedopolal L couuounds, RLe, CaLOK 2,00 < L0304 The

anount” of netall'rc*Coba owdér or t “conpou presenyslnofhe m xture
may vary w del gatdQy$yppeakhysotrhecomprilséngonpal sesxiipgt 0160tpaahsabyr

wei ght of cobalt per 190 paths By, webght of (Lehraghgryspxide, pigterably

cobalt powder or a cobalE compound, which powder or
compound is at least partially insoluble in the amount of

15 liquid used, to form a mixture; (b) shaping and drying of
the mixture thus obtained; and (c¢) calcination of the
composition thus obtained.

The process of the present invention advantageously

provides a simple process for the preparation of a

20 cobalt-containing catalyst or catalyst precursor,
resulting in a mechanically strong catalyst, having a
high activity and Cg% selectivity when used in Fischer-
Tropsch synthesis.

The titania for inclusion in the mixture may further

25 comprise up to 20% by weight of another refractory oxide,
typically silica, alumina or zirconia, or a clay as a
binder material, preferably up to 10% by weight based on
the total weight of refractory oxide and binder material.
Preferably, the titania has been prepared in the absence

30 of sulphur-containing compounds. An example of such
preparation method involves flame hydrolysis of titanium
tetrachloride. Titania is available commercially and is

well-known as material for use in the preparation of

AMENDED SHEET



MDO7/ TSO567PCT Nn~4 ;; ~~.: - ~. 0 6 MAY 2002 WO 99/34917 ~ PCT/ EP98/ 08545
~ 5 *10-40 parts by weight. The above anpbunts of cobalt ref er0 & HAY 2082

-total anmpbunt of cobalt, on the basis of cobalt netal, and can be determ ned
by known el enental analysis techniques. 5 The cobalt-containing catal yst or
catal yst precursor prepared by the process of the present invention may

cOMpY [ Se_ One OF 2805 <PLORR! 86 AR aLop SHLkabke PIANDL et afiphal g Ly fnovn Lo

those skilled Int art. Prefer ronoter netals are manganese, 10
vanadi um rhenhem ar guliéaicenareiar eénfuam Oi bahbudPOamé/ghroatem A nost

preferred progg&gggggbgp g g@ggaags?otggg Reogoter nmetal s) or precursors)

t herefor may any Sstage o e preparation process in the form

of sol uble or insoRabke pivoaphetimetak conpddindsonlboStuitable, ptbevt er

nmet al qﬁnpounds.are metal lic omders,th¥groxides oxides 9 njc agid)
a

.(orga
salts and ni xt 085U FRelMadt SO A& Sndufit “6f * pr BRo %FsﬁﬁfaTlgnn?ﬁeméét Fyst
or catal yst preecepaeednby napyiwgdelbiyanIgphedkbyitiae RS thtahygsting
catal yst precursor conprises _the pronoter .nmetals) in_such _an anpunt that
Che atoni b rat PEOBFEa0Rar : CARARSPORUREP hePal §) SPavarPaatia .3 RhBbet abi y
at least 5, nobe phekemabliytbefwess Gnandh258uctasaipeelessedfeabndmbent,
at | east one cogpound of

iS a_pronoter netal is pre nt in step %3% 0. e.
the mixing stofr BF EReTBLaGATAE ORPr 5E68E1aThEDEoBAFt PEBRRSENAE WAER | o
at least partiabkyiifasakiubhe ichet herhi yuidafbdy peeohiabpedibyto be

recipitation. An recipitation method known jn the art may be 30 used.
P aforabry CrhEaRbBaRe EoREAERAREe. FPoLibRrAPhYAFCRAart PnaBY aThEbE o a

base-rel easi nga¢orpaend ibaea saketrimeniatearsemsbl e cobalt conpound, for
exanpl e by the addition of sodi um hydrexide, Eotassiunlhydrexide, WO
99/34917 - 6 0 6 WR? 206091BGrPEPSS/ BBE48f suitable liquids known in

the art, for example water; ammonia; alcohols, such as
15 methanol, ethanol and propancl; ketones, such as acetone;
aldehydes, such as propanal and aromatic solvents, such
as toluene. A most convenient and preferred liquid is
water.
Any cobalt compound of which at least 50% by weight
20 is insoluble in the amount of the liquid used, can be
suitably used in the process 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 preferably
25 at least 90% by weight. Examples of suitable cobalt
compounds are cobalt hydroxide, cobalt oxide or mixtures
thereof, preferred cobalt compounds are Co(OH)2 or Co304.
The amount of metallic cobalt powder or cobalt

compound present in the mixture may vary widely.

30 Typically, the mixture comprises up to 60 parts by weight
of cobalt per 100 parts by weight of refractory oxide,
preferably
MDO7/TS0567PCT
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ammoni a, urea, or ammoni um carbonate. Any suitable soluble cobalt conpound
‘may be used, preferably cobalt nitrate, cobalt sul phate or cobalt atetMAY&)02
nore prefenggloy gpbalt nitrate. Alternatively, the cobalt 5 genpogngssry be
preci pitated by e addition of an acid_og an acid-rel easing conpound to a
cobalt amoni a conpl ex. The precipitated cobalt conpound nmay be separated
fromthe sol ut washed, dried,  and onal | cal ci ned. Suitable

iQn, d opt | ,
separati on, ma%ﬁrﬂa,pfétarFVnﬁeéﬂBtcaFEFthBVﬁEP%BH%t%r%fc%ﬂh%%?y known--i n

the art. In operewbed wRet tetathampuacess ebohlbe, psesent bLayeatsen, the
cobalt compound and the conpound of BronDter netal_ are obtained b

co- preci pi t at i 6ARP2AEsMetglpr P8 §BPY Byd8695WéE?ﬁi?&tk%ﬂwﬁteéﬁﬂg?gﬁ% pH

Copr eci pi t ati ognal yeeastaehnpjueBy be perfornmed by the controlled addition
of a base, a base-releasin? conmpound, an acid or an acid-rel easi ng conpound
to a soPution conpfh&i fgPalsoraBrairspdl Fatahpdtingr afdital Y9t sol ubl e

conpound of prBEEEﬁEsBQt5&9p9&€5959bEMeb?rBB€s§08£r@%éeﬁréggﬁﬁiOn of
anmonia to an acidic solution of a”cobalt conpound and a pronoter netal

conpound. The &pNantiednpeyngoaRdisepPNenar| POrehRrprOHGE creheial conpound
may be prec'p'EGE%Qbh@p%&?gﬁ%E?eREEaQ aréSkAbwheaS  tBoRar Lk 1448141 tani a

or titania precursor, y In the presence of all tifania or titania
precursor. |n &hpreférr @dedrbsécdnpnomoterhvetayenafeonnacganese hydr oxi de and

mangangge hydrgéhgﬁiﬁ%e Eﬂ'RﬁEﬁiPEE@BEHiQ%,aQQEEERPuRf ?EFQHK L038g .
sol uti on com 30 prising cobalt hitrate, mahganese nitfrafe, an titania
particles. Thecprewipmt.afetostbarefrydedxpdemahdr maayahese hgoganese. and

e L1t anL e PR b EanRe eSS TLAL B LEAULLRG 8] UhSE SRR i .
nethods_connnnbﬂdkdowm hnytbeagarbf the pnépdsatbonep;ooésshénntuéure
forred L stenelah B IR PR OS85 Rl s b Pmg U ETL B GERY B, 7
the ni xbng net Badthdlgepyrotependseanlt hompohhds apatmatslbict bewdexspre.
Invent | on may BARESHEFRe PUipBRr o ROy EnarAOUS RUBANERS FRELRZER |1 ed in
the art, such asekwolfneading, nulling or stirring. It will be appreciated
that ‘the obtained gixture way ot be of the, desifed size apd shape to serve
catalyst precursor may vary widely. Typically the
20 catalyst or catalyst precursor comprises the promoter
metal (s) in such an amount that the atomic ratio of
cobalt and promoter metal(s) is at least 4, preferably
at least 5, more preferably between 6 and 250.
In a preferred embodiment, at least one compound of
25 a promoter metal is present in step (a), i.e. the
mixing step, of the preparation process.
The cobalt compound which is at least partially
insoluble in the liquid may be obtained by precipita-
tion. Any precipitation method known in the art may be
30 used. Preferably, the cobalt compound is precipitated
by addition of a base or a base-releasing compound to a

solution of a soluble cobalt compound, for example by

the addition of sodium hydroxide, potassium hydroxide,



catal yst carrier. Thus, a shaping step is required to 15 prepare the
.catal yst or catalyst precursor. Shaping techniques are well known koMihHgE

skilled in $heo ggi{ and include pelletising, granulating, extpgg/rpdsossds
spraydrying, ot oil dropping nethodsg Ihe process of the present

i nvention |nvolves a 20 drying step. Typically, the conpositions wll be
dried after shapi and before_cal cination. shapln and dryi ng
can be conblneagpﬁgéﬁe B{Ep: Por2BRGRAPIB B?rggPagedrb¥HgS“AFP€ fativel y, -
the mxture nasomabaéledbbetoeempbaﬁanﬁaytbefaseaxaﬁpbgebﬁbdgyb%%aat25

filter cake before crushing it. It wll be aggre0|ated that drying and
cal ci ni ng nay BétééﬁﬁrnéebﬁﬁtoﬁBlEPébe PR 6RBALALBERKBNE  of\OTfe i nventi on,

the solids conpepke@bblibecBbiitr fiebhabNedltarakeRvedy, Ok hbheokalidl yst
preparation process is relatively high and 30 therefore the mxing is

sui t abl y perfoFﬁﬁﬂoﬂydkﬁéﬁdPﬁgPSFChﬂFFPHQd BrdthRe28AdE10Bt &fhéd ®iciure is

shaped by pe'|8&'§hngc1@XEEM§h99nggééﬁHb§Ban9005 6658@&”%mm%h§%erab|y by
extrusion. In this enbodi nent the solids 2002 WD 99/ 34917 content

of from30 to symméﬁghtTh¢ypre§lslﬁatﬁédcpbﬁch¢PEPQBn985@9 beg the
mxture is typgegh&xtba ERBmr @Heeseiu%c{hbyw%haat dpieksr aply of from S0

to 80% 11y, the Ingredients of the mxture are a perlod of from5 to 120
m nut es, prefepnbﬂynﬁléﬁv1§a@©lgednlﬁu%ééblﬁuﬁﬁﬁgrﬂhéonulMﬁﬁ@lmsocess

t h t I
oS 9105 UL ML Ro b EAYEEn P HECAUL B5e 2PBRABHS, kBRI AR,

from15 to 10 80t As a result of the energy input into the mxture during

the milling process, berenhbhindt: 2ot el D-hEURE! BEUEROL Lhg N Xt Ure

during mulling. Thé_ rocess kS convenr ent out
anbi ent pressumavennyosulthblepbabnneompahh9 andlthbleompbhnmgofS nachlne

may be enpl oyed, |npro e,the fl roperti h m_xt.ur e,

preferred to |ﬁcPu85e5ne aln%fe ngﬁlPﬁgr%¥|§§ §gen%§lta§fgp eQPF&S|on

ai ds i a5t he nlptaferpbngrbyocexprasnpmtaSmonabtecaddtanteprOCG-ncIu5|on in
the 20 m xture_includ atty_am nes at rnary anmoni_um conpoun

pol yvi nyl pyriBFﬁ8}p§§FSﬁ8QOﬁluﬁ?nEEFgﬁ uﬂ?prSSBﬁSEPEWFQ Yi & Snlum
conpounds, al kgbatedlaeamatdsteonpoindspaseycki basereetaalaxy i ¢ acids,

fatty acids, sul honated aromatic conpoungs 5 _al. cohaol suI%hates, et her
al cohol sulphaF@ Doga QPeBCld or an acid-releasing compound to a

solutlon comprising a soluble cobalt compound and a

20 soluble compound of promoter metal, preferably by the
controlled addition of ammonia to an acidic solution of
a cobalt compound and a promoter metal compound.

The cobalt compound and, optionally, the promoter

metal compound may be precipitated in the presence of

25 at least a part of the titania or titania precursor,
preferably in the presence of all titania or titania
precursor. In a preferred embodiment of the invention,
cobalt hydroxide and manganese hydroxide are co-pre-
cipitated by addition of ammonia to a solution com-

30 prising cobalt nitrate, manganese nitrate, and titania
particles. The precipitated cobalt hydroxide and
manganese hydroxide and the titania particles may be

separated from the solution, washed, dried, and,



fats and oils, phosphonic acid salts, polyoxyethylene al kyl phenol S0 5 MAY 2002
. pol yexyet hyl ene al cohol s, pol yoxyet hyl ene al kyl am nes, ponoxyethyI&n@

al kyl am de rylam des, polyols and acetyl enic gl ycol spefipdsigsad 30
addi tives a%yggg/%%g‘?under the trademarks_Nal co and Superfloc. To obtain

strong extrudates, it is preferred to include in the mxture, prior to
extrusion, at |east f 6 MAY 2002 WO 99/34917 ~ PCT/ EP98108545 g _ one
compound whi chCBE#QnaLl % pedt FLRed) RYyIMtRRRs t¢mmonty t kpewn i EhBle --
peptising agenggefor inclusion in the extrudable m xture are well known in
the art and include basic and acidic conpounds. Exanples of basic 5
conpounds are anmoRlg, S@khdni R A s hgt ke ipotiiice udR conmpounds or

organi c am ne,sstégcmapaéfct&@@péwﬁa@i@n rSFEYEss UpPne k&l chiaht 98nand are
not retained in the extrudates to inpair the catalytic performnce of the

final pPoduct.m@yebervrdt®alPt LY worppurRRsed brigsi totad neEXbRramDNi um
compounds. A ”?étwisi']ltl?@'ﬁ%ﬁié*@fét?e@“%l{‘@t'&@t ?atﬁ@modsf“:g@{k? aci dic
a 0 0 d, acetic

pepti sing agents 1 nclude acl ds, r exanpl e m c acl aci d,
citric acid, ostapéndacon, tkedsplips ordrtents off Stigptmittg, burn-out

materials may be i ] e.m.xt e, . pri S| in_order to
create nacropores ?ﬁéﬁﬂg}glrﬁgu#fisn%g%xtgr)ud%feésk% éj%agﬁéeybéﬁér%ﬁ%g%?gri al s
are comonly kpooness thethetprdsent oinvertomtmay shivabhprioei ng

agent s/ gxtrusi Qn Lds,..P | Sl t ur s terials_n the
m xt uréspr ef er§%F§gf’§é$nb¥ h’ggéﬂé%%é;g%é éroi?ﬁ’ 0&29?% gzlbﬁﬂ;%/dv\”g?g%? ﬁﬁ#é
preferably frosubhbasobgOkndydivedghtylbing her betsixsrixigt he total wei ght of
the m xture. Extrusjpon,my be_effect sl canventional ,. 25
commercial ly avail gJBI ‘élggtl?%dae?ﬁ?%l%g%#li%mu%@% ‘&?%W?@p’gu&wﬁdi ng

machi ne may bemagefiot obé osfethdedes kKt e esihe cagh s$leportdi s€svenas auitable

dieplate t i el d_extrudat f the desired f The, st ds_f d
ext 1 uai on may B8CBUFSF 0o RHELTES) TRI1 ChOTIEPHEE ATeh LatTOQROReaire |

extrudages arepdepade Pnyi sgrabysbeoeftecibystiprecet yal eshapipgrat ure,
preferably up to 500 C, nore preferably up to 300 C, Th& eriod 0 6 MAY
2002 WD 99/ 34919CPe¥ARPssrbRsAs L KROwR oFo (FhP%g 1489 cilI YnEpakh 5

hours, nore prghar aRkyYuleopelbe i sii@s §PamulPtiBg, extrusion, spray-
drying, and hot oil dropping methods.
The process of the present invention involves a
20 drying step. Typically, the compositions will be dried
after shaping and before calcination. Optionally,
shaping and drying can be combined in one step, for
example by spray-drying. Alternatively, the mixture may
be dried before shaping it, for example by drying a
25 filter cake before crushing it. It will be appreciated
that drying and calcining may be combined in one step.
In one embodiment of the invention, the solids
content of the mixture obtained in step (a) of the
catalyst preparation process is relatively high and
30 therefore the mixing is suitably performed by kneading
or mulling, and the thus-obtained mixture is shaped by
pelletising, extrusion, granulating or crushing,

preferably by extrusion. In this embodiment the solids



I n anot her enbodi nent of the invention, the solids contents of the nixw%@ﬁ
-obtained in step (a) is such 5 that a slurry or suspension is obtaﬂﬁ@@§ d
t.he slurry nsi on thus-obtained is shaped and dried yi ng.
The sol i ds“(é,do%gt%eigﬁeof the slurry/ suspeng qQn is typically i ﬁyt e ?é’gg{g of
froml to 30% by weight, preferably of from5 to 20$ by weight. 10 The

t hus-obtained slurry or. suspension is suitably shaped and dried by
spray-drying. C?ﬂEe&t PGdEHeaW&x&Hréd,lssﬁryﬁ-cﬂﬁiléfd 1o thendrdaRideeof  shaped
and dried conpesit BONEoanesS LIS aRUSM,Y pralreiraedy &3 Ereal isen s gefyf ect ed
at elevated 15 tenperature, preferably at a tenperature between 900 and 750
C, nore prefeP&bW?lﬁbﬁmeen 500 and 650 C. The duration of the calcination
treatnment is typi @%waugm 2l AHESe dient8Y 8Fak HROWI St uteelagleabl y from 15
mnutes to 4 hours Suitably, the calcination treatment is 20 carried out
in an dxygen-®Bohiafnfay at Regpeer € Fremedaltioy 120 miputgis,| be appreci at ed
that, optionablysetB1gr¥bB $5CRAAY MIRUEAC Budndl Ghe" Huilg oMDI ned.
The present ihvention also relates to a cgbalt-contalnlng catal yst or

cat al yst prechreoessbt anazble ilsy pat23 niocoddes Mi& tiigee by dther enuddfiinged. The
catal yst accorgdi th r - J L i cal t talyse a
process for tégbggg%g?ét?gg §?§23392¥§?%%%§ ?%8%%%&%%ﬁg§f§§§%§. y%ically,
when in use ia bhaadprangespfatepasatpae, pireflegabdlyalfirams iSntias netal lic
stat e, 2,30 Theggfore, Lt _i Hoal Ly % 0 i vat h t al yst
or “catQlyst procucso ot SFoRAtues S TSR Y, Al he® MiSeRds
presence of hgdrdggnthe mhalangd premessat whereTywiildalbley a tdiser ddct i on 0
6 MAY 2002 vm%99/349%7 PGW%EP%8/085§ - %# treat nent inéglves treating the
catal yst at a SURHPEFHESr 8% AREhERFINGE SPH-PEm g 480 Mt 0% o 48
hours at el evatedepsessutenveypenalllyy daraiet omt2@@ kabisint Pure hydrogen
may be used in _the reduction § t& atment, but, isﬁ}s USﬁally preferred to
apply a m xt uPEEBEURS dr BR&n SEAG2RL S n §FTEEE L alilYe AYRA R NG ative
anmounfsof hydmaegrinpr fagnbei Brphoy@dct ure may range between 0 and 100 by
vol unme. Accordi ng_to,one pref rr%g enbodi nent,, the catal yst 10 i s brought
to the desired tenPerBPhPECakGCpidO uPEPEFELSS) OF Ty Y& dtnosphere.
Subsequent |y, ishpre@eakiat tios ig@Nae efhaNidrh mdr@AT IBwX it Al ni ng _
only a small anount of hydrogen gas, the rest being nitrogen gas. During
the reducti on®@RBEENBRE/ OFhEXETUSACR AtEiSaddu i S MYRFRTSy & iPk G the gas

mxture is gragdalikyohNCEa3$a6 1P aldaiA%e e nkddildn el Wi | f
pOSSIBbe’ ' hﬁxghggeggggugg %%%!ﬁagifﬁgi guaternary ammonium
’
compounds, polyvinyl pyridine, sulphoxonium,
sulphonium, phosphonium and iodonium compounds,
alkylated aromatic compounds, acyclic mono-carboxylic
acids, fatty acids, sulphonated aromatic compounds,

25 alcohol sulphates, ether alcohol sulphates, sulphated
fats and oils, phosphonic acid salts, polyoxyethylene
alkylphenols, polyoxyethylene alcohols, polyoxyethylene
alkylamines, polyoxyethylene alkylamides, poly-
acrylamides, polyols and acetylenic glycols. Preferred

30 additives are sold under the trademarks Nalco and
Superfloc.

To obtain strong extrudates, it is preferred to

include in the mixture, prior to extrusion, at least



catalyst in-situ, that is inside the reactor. International patent
application publication No. WD 97/ 17137 20 describes an in-situ GaiMAY 9L

activation ‘,8695/?5?7 whi ch conprises contacting the catal yst iprif@sessaszence
of hydrocarbon™Trquid with a hydrogen-cogtaining gas at a hydrogen parti al

pressure of at |east 15 bar abs., preferably at |east 20 bar abs., nore

ferably at 25 | east 3Q bar abs. Typically, in.thi hyd
bar 16l pr cesiPg FORRPURGSEh36D BSF-ABE. 21 PPE-RiDAnaaBEEuE oFo g uvenate.

spent catal ystitianga.c3hakgblet papthasnhosgents! €ast ipalus@bnt he ithiet i al

activity of an activated fresh catalys 30 subjecting it to a ROR
treat ment. Tyﬁﬁ&éppﬁgaﬁh@lﬁéRr?réé?néﬁiliEéBVQeé“thgesPé sangy sequence, of

reduction W thn21hydr sgencCcantiahBlifgcyasmpeuhdal i BRawplBsabf HAs@cVAY 2002
WO 99/ 34917 - 12 PCI/ EP98108545 oxygen-cont ai ni ng gas, and reduction with

. g
a hydr genconCaMRPNGd§adre| AMRORERY hBFMQBpRTEelEREL PGy ERTPON S at es to a

process for tRamdheRaAr abimpaufbishydr eegahoasamibsh BuedMBais§@s contacting a
m xture of carbon nonoxi de and hydrogen at _el evated tenperature and

pressure wt hCEMPONRAE- 85/t ZRRPNEIcHPaPySRlginatiepi BBd R&eeN®Before. The

process is typie¢alihkdcahrik8d QutraliaBebCEBCiApHLS tHe! BRLRARGE S rom 125 to
350 C, preferably 175 to 10 275 C. The pressure is typically in the range

from5 to 150Pe&Ffozmenceppéf EhgbfynptoRrsdnetgoPpaktespsd bagigarti cul ar
from5 o 50 hap ahsqsHudeogenaald sALRAY BRNANhER: (HY BLRGLSAEasH i s

typi caolty fedl&t%opt %Zl Srogesg ta a ator_an rati oﬁlnn tl&e 15“?’%?\%3%%%% 0.5 to
2.5. The gas ot puipabdevekrgsniy aGHRY) isf ethansynemévies §ad tiablehe
process of th rese (W i it Dl i r.an i

Pypi caily in eracispeprisiny B8eHRY KAEY! (R seedeln 3y BSmbdss 10 20 -
4000 N1/1/h. Toeemier mcEdzVaicetwel hckdeowaikbnithacady, oxad icelagstids wadt he
vol unme of syn Is s in N, i.e. litres at STP conditions (0C and 1 bar
abs), which i%ﬂ%%ﬁ%gg?eac?ﬁ'one hour with one litre of catalyst particles,
i.e. é&luding i nDptpantildyl, aburnrduspmetserial2bmby bkeioadedel anfi xed
cat al yst bed,

calalyet bod SIS piNe Y aRint, BB, BOBLRREEH, A0pPBLabl B ghtirLYs! Doty
of hydrocar bomaor@pdrescandibecdessilngng eatratgtet.r Sadtabliey pasnand
out materials are commonly known in the art.
The total amount of flow-improving agents/extrusion

20 aids, peptising agents, and burn-out materials in the
mixture preferably is in the range of from 0.1 to 20%
by weight, more preferably from 0.5 to 10% by weight,
on the basis of the total weight of the mixture.

Extrusion may be effected using any conventional,

25 commercially available extruder. In particular, a
screw-type extruding machine may be used to force the
mixture through the orifices in a suitable dieplate to
vield extrudates of the desired form. The strands
formed upon extrusion may be cut to the desired length.

30 After extrusion, the extrudates are dried. Drying
may be effected at an elevated temperature, preferably

up to 500 °C, more preferably up to 300 °C. The period



30 reaction reginmes, for exanple a fixed bed reginme, a 'slurry phase regi ne
or an ebullating bed regime. It will be appreciated that the size bf MM&00?

catal yst p i may vary depending on the reaction regi "epcr/Rpdaoikys 2002
WO 991 3491%%’&%‘@%98/ 08545 - 13 they arg intended for. It be%ngs to the

skill of the ._ skilled person to select” the nost appropriate catal yst
particle size for a given reaction.regine. gurther, it wll be understood

that the skilf®8 SrpEREohSi SYRARALIYE BB E8I 8chOPRE: nBSEeapprEpERRL Y

conditions fofrémsSPschihGregacbon ge@tsgurati on and reaction reginme. For
exanple, the preferred gas hourly space velocity nag_depend upon the type
of reaction regi B t#R@therpenhgdippitetf Yhesidyenfiong ghej pedids 10

operate the hyokocafHopssyRthaskeupeosseainblnia Etxgd (Red;seghBR,
preferably the gas hourly space velocity is chosen in the range from500 to
2500 Ni/1/h. thattajslyesyres sBSBPRFAPR iRecChyainedr baRdsyhEh8SREPr ocess

wth a S'“rryoPh§§§p§ﬁ9i8H1tHﬁEiSBéQkMeE?§sQ§ﬁa @argxdlé;§eacsyvelocity s

chosen in the range from 1500 to 7500 N1/1/h. The invention wll now be
illustrated fspragrdbyinganthef sohédsoFPohrnl PRakbreSluExsipl e |

G commer ci al 15 2 arFLEh ot 8o 2Py B TEanE 03 SRR es ot Pmo By o5 and
170 g water. Jb% byxveighthaspkaéadedlyopf16ramnbt 9. 20Rkebyi wedgbtwas shaped
and cHfcined for Bifoebast0BERh Rl RER TR, ERsBEhBLoh o s SulfHbxEy T
wt % Co and 2 @h&@@h.aﬁﬁadpiedlby(épnpardpyiay.Tipania extrudates were
R L L
Bonnot extrudsiiapdticardt dudletiecsompositibnb WRY¥ EZ0D2ed@efBA§4917
PCT/EP98/0854gaic%§ed. Calcination is effected at elevated
15 temperature, preferably at a temperature between 400
and 750 °C, more preferably between 500 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
20 carried out in an oxygen-containing atmosphere, pre-
ferably air. It will be appreciated that, optionally,
the drying step and the calcining step can be combined.
The present invention also relates to a cobalt-con-
taining catalyst or catalyst precursor obtainable by a
25 process as hereinbefore defined. The catalyst according
to the present invention is typically used to catalyse
a process for the preparation of hydrocarbons from
synthesis gas. Typically, when in use in that process,
at least part of the cobalt is in its metallic state.
30 Therefore, it is normally advantageous to activate
the catalyst or catalyst precursor prior to use by a
reduction treatment, in the presence of hydrogen at

elevated temperature. Typically, the reduction



dried for 16 hours at 120 C and calcined for two hours __ at 500 C. A
'sol ution was prepared containing 100 g Co(N03)2. 6H20 and 4 ¢ Nh(NO@MQMﬁH@?

and 10 m %o%kﬁn 5 70 g of the titania extrudates were i NpEpgpodgadssm t
this solutionn tour inpregnation steps.,.,After each inpregnation step the

extrudates were dried at 120 C for 16 hours and cal cined at 500 C for two
hours. The resulting i npregnated and cal ci ned extrudates. 10 Exanple Il A

m xture was priepRfEterbntRY el VRS 14823t tR9mERR i 62 P31 ¥8%hidtd e titani a powder

(P25 ex. Degusgdhipe £t g & OIREEE af&u?@vgflﬁpéﬁ 06 Y 2 poWder g0 101 3t @
M(Ac) 2. 4H20 and 38 g water. The m xture was kneaded 15 for 15 m nutes. The

m xture was shbperowss mt e boyord eREes®RrFe, ThEPEAHiafemwbreodried for
16 hours at 12@0&@5? C'Wgefﬁ%dgogfh”rﬁaﬁtbéotg fd fechestlddion
ned 2 nd 1 a

extrudat es cont al w % Co a % M. EX rrsf) e IV 20 A suspension was
made cont ai ni nerddsnepttonrat citliy asaaliyiprefenred powrieply 25 ex.

De . To thi ' | it | d i ni

Co(ND3) 2. 6120 SHa 55 (S B ot S P B SR TR I { G doth?

Si mul t aneous| yTheimneld i veasameldet ¢H khydregen 2sreeent obn t th&earjxtiee pH of

the suspensi on, tmﬁe 71?%1‘%& @fé{r‘& %@&qggi%%ﬂ“gf the netal solution to
on, e nd

the titani c suspensi preci pitated on the titanic was
filtered and washekscovtdingttes .offdcpfeferred akmbodinent edtlee d201Fs30 A

m xt urg, was prepared. contai nin he. drj, e i K er_.and ammoni a.
The m 8 ure nest Oressit B "8 o8 Camp i Ehuf e S Bhekal T g o
Bonnot extruderevdheirexd ruitat @senegas datredsploerds SubssquentlP, 6eWAY 2002
WO 99/ 34917 PCT/EE§8/08545 - 15 %%0 C:gnd calcined for 2 hours at 500 C.
The _ resul ti FRFRXYTFudht SPRBATEF R BD B 98 DR E° R BBME P Exampl e V 5
A suspensi on Vsl yeslesmaNt admongt 195 Yyaoouer chas ) yrlee abéebl e ing ani ¢
powder (P25 ex., L Degussa). To_thjs susgension a soj ution was ded

d
cont ai ni ng 25PHEENNRBI2S 6H2ETLRG BRG FATRBSRI N 4HBRR UG vBRE i n 500 n

waHt e][.lfi ul taf@p@sixyeb &ﬁ@mi;oﬂﬁgy%ﬁd%?nt@aé Eﬂn 1%@@@@%%%#@ i<§elo the
pH of the suspension, between an . the addi of the neta
solution to thEFIFPaht¥ LRCSHeMSEINUPt B %S%C?Bi?ﬁf%diéggahﬂ YRLYRE t he

titanic was filterpdl pogksvepdedi M L YBRé£Erréd SHS PERS] v vaghgmde
containing the filter cake and 500 15 of water. The suspensi on was

spray-dried usFREphYRF rbn 728 bkt zebhafndsi hretde chperE82FEChasi PR T and t he

outl et tenper atil¥ EoNEE 5129«3& J;?ﬁlisﬁeiéhngumi&@i@ﬁ N&! ewgabeyregzfor 1

hour at 500 C. The resulting catalyst particles contained 20 w% Co and 1

Wt % Mh20 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., more preferably at

25 least 30 bar abs. Typically, in this process the
hydrogen partial pressure is at most 200 bar abs.
It is advantageous to rejuvenate spent catalyst,
i.e. catalyst that has lost at least part of the
initial activity of an activated fresh catalyst, by
30 subjecting it to a ROR treatment. Typically, the ROR
treatment involves the steps, in sequence, of reduction

with a hydrogen-containing gas, oxidation with an



20 Exanple VI (Conparative) A spray-dried titanic powder was prepar eédr‘ﬁi
.follows. Commercially available titanic powder (P25 ex. Degussa) wals %‘W
W th water. gHhe it ure contained 25 30% by wei ght of titani piasgiosssthe
m xture was spray dried using a Niro Atogbzer. The inlet tenperature was
250 C and the outlet tenperature was 117 C. The resulting product was

calcined for 1 hour at 500 C The spray;dried titanigc particles were
i npr egnat ed wiYH %0 ac%rbﬁlerh*r?%t%acﬁ’soallyuq redReshen td'pc%b}yc%r%???éte and

i"or Contal nn
manganese nitradrcaifhiengajaki on was prepared by heating solid cobalt

nitrate (Co(N03)2.6H20),  and solid nganese nitrate (M(NO03)2.4H20) to a
tenperature of DB W%W \@%%%343%’75 PEYHERIID '\g-)eg’mto 60° C, thus
causi ng the mgirdcdid rdeStie® phiesotareidm of t Bidravdrisdyst abhveer. The
i npregnated titania particles were dried for hours at 120 C and

2 .
subsequent |y &A%A § FATAF A hIWEHEARF E2ERAR et 4¢ Pdat al yst
particles contjdieshed) at % Xeovadel 1t edpe Mtutxafd orddsiad abyshisal, 11,

1l and 1V were tested in a process for the on of hydrocarbons.

repar at |
M cro-fl ow 10 GRREUOTIORGHERE RAUDL WAL #S %%%e%ﬂ?m%f?r,ei I, 11

and 1V, respectivelpye gdibdd¥s g mwiiafiyeddatofonatal Vot dagdisl es,
were heated to a tenperature of and pressurised with a conti nuous

60 C
flow of nitrodeFgdd tihe Eﬁ’&%uﬁé’%f?zﬁ et ."_cl?heprc%ﬁ%ﬂ%hs 15 wee e
reduced i n-si tay o orc 29 Moy Se 1t He %@ﬁﬁ#@al@cy nig ragen Ak hydspoen gas.

During reduction the relative anount of "hydrodgen in the mXture was
gradual |y i ncricasiérl fhamalys « o pooieramly vinak Tdoicdft eat abs n tie of f - gas

was kept bel O%a%ﬁ&%ﬂw:ffﬁn Rold owi g, f,ediyct ion the pressure was increased

to 26 bar abs e reaction was carriee out with a mxture of hydrogen and
carbon nonoxi de atHydmxyeTO ard | @a rifor] moroxifee (GYSNhemimtaas )t o800 N1/ 1/ h.

emper af ur 6 (WIS 1 b fhe TS P o@st O, T AR BTG The, e
hydr odlfr bon prmxhgs fpesm |0t etecal B yst particles (including the voids
bet neen L1 part Lo 00Ny A0 N RSP B (0 REETEY %5 7,
each experi nenthedfirgdd jrutise gbropesatoDOEhellprasss timwsrec et may in
Table T. vary within wide ranges and is typically in the range
from 400 to 10000 N1/1/h, for example from 400 to
20 4000 N1/1/h. The term GHSV is well known in the art,
and relates to the volume of synthesis gas in Nl, i.e.
litres at STP conditions (0°C and 1 bar abs), which is
contacted in one hour with one litre of catalyst
particles, i.e. excluding interparticular void spaces.
25 In the case of a fixed catalyst bed, the GHSV may also
be expressed as per litre of catalyst bed, i.e.
including interparticular void space.
The process for the preparation of hydrocarbons may
be conducted using a variety of reactor types and
30 reaction regimes, for example a fixed bed regime, a
"slurry phase regime or an ebullating bed regime. It
will be appreciated that the size of the catalyst

particles may vary depending on the reaction regime



WO 991 34917 - 17 0 6 MAY 2002 PCT/ EP98/ 08545 TABLE |I Catal ystl111111VWWABT
(C) 230227208215STY (g/ 1/ h)50110104105C5+ sel ectivity (~) 72809990 0 MAYII0Zbe
appreci ate e activity and selectivity of both catal ysérfkpds/asss | V.
according ?%&ﬁﬁéﬂﬁzvention, is nuch bettgg than the activity and
selectivity of catalysts | and Il. 5 Exanple VIII Catalysts V and VI were
tested in a process for, the pr ration. of hydrqcarbons. Mcrao-fl ow
reactors cont éﬁ%rﬁyng’rfo lrﬂted’fdpeéggéflrysg%pgﬁtlp %55%9 52‘& vkilleSfedthi®el y, --
were heated tgidlliepeietdore tof s2A@cE, the v tpaePIdhirsad ewidal s YNt | Nuous
flow of nitrogen gas to a pressure of 2 bar abs. The catal yst were reduced
in-situ for 2 QRﬁhﬁﬁﬁmﬁﬁ?%iQHQEMHEVSP HFFFGQQH &f@*f¥dr ogen gas. During
reduction the rel ghiptheayount wafl 1hypdr Qaae rist cblde thiaxt ¥he W&s 1derdual |y
increased fromO0$ 15 to 100. The water concentration in the off-gas was
kept bel ow 300 FHSHY L FAARRR YR Yo FFLEICEN Lhie MPEds SBPE ORI 3tffcr eased to 25
bar abs. The rRAitARAMASE AN ispl Al cWirklct ol Xowte g Y $n0Geid and car bon
monoxi de at a H2/COratio of 20 1.7:1. The GHSV amounted to 2400 N1/ 1/ h.
The reaction teRsEiaTEIideex Fiogs S¥ATRY € h&hRe PIREET ToFe OaGe Nsatr 1Y
tenperature (\WRDe ivkibcitie W%P%h@eu;sbﬁ! ¢neStybe PXPTRIRAAS grammes
hydrocarbon product per litre catalyst particles (éexcluding the voids

bet ween the 23 egdms dhad) ifebeidigr aPRAd ethe TES5 ,sdlfedti dist gesdpgadedsed as a
wei ghty per centage ofc the toldlodMBACA A Res Q6 MAL 20 99/;34947

PCT/ EP98/ 0854t5°?>-% 1618fe prodJ@{, owereoget rm r?esé fgrr eagh g’)%;‘):\e%ﬂam%/ﬂ%%a ter 50
hours of oper #€dorredime r endfieraply s&e gas hourdlyl spece VEDDPAiItyTHs

chosen in the range from §00 to 2500 N1/1/h. If it is

desired to operate the hydrocarbon synthesis process
with a slurry phase regime, preferably the gas hourly
15 space velocity is chosen in the range from 1500 to
7500 N1/1/h.
The invention will now be illustrated further by
means of the following Examples.
Example I (Comparative)
20 A mixture was prepared containing 217 g alumina
powder, 44 g commercially available Co(OH)2 powder,
14 g Mn(Ac)2.4H20, 8 g HNO3 and 170 g water. The
mixture was kneaded for 15 minutes. The mixture was
shaped using a Bonnot extruder. The extrudates were
25 dried for 16 hours at 120 °C and calcined for 2 hours
at 500 °C. The resulting extrudates contained 18 wt% Co
and 2 wt% Mn.

Example Il (Comparative)

Titania extrudates were prepared as follows. Com-
30 mercially available titania powder (P25 ex. Degussa)
was mixed with water and ammonia. The mixture was

shaped using a Bonnot extruder. The extrudates were



Cat al yst WI WABT ( C) 215225STY (g/ 1/ h) 560590C5+ sel ectivity -(~) It will be
‘appreciated that catalyst V shows a 5 better performance than catd]@QMYﬂwz
Furt her, thﬁ,&@% st preparation process of Exanple V (accorglifgpdssiddc
invention) I's much sinpler than the catal ygt_preparation process of Exanple
VI (conparative). 0 6 MAY 2002 -19 CLA 1. A process for the
preparation of a cobalt-cgntaining catalyst or catalyst precursor,

conpri sing: (apfAfdi AGT(1P DPLESi étorlzi 1% &% GFedhashbrioq Awe howgs d, - -
and (3) a cobakt eggpeund in the absence of any G oup VIB netal conpound,
which is at least partially insoluble in the anmount of |iquid used, to form
a mxture, (b) shagi 6§lafdoar g PEEPARE drican i timgs 1% & ned, and (c)

cal cination of chhRo89PNEGSIRD ARt RUS BRI @0 D . 412 HL AP RSO L O
50 wei ght” percent of the cobalt conpound iIs

claim1l, wherein at |east 50 _ _ !
i nsol ubPe in tRE @nednthef thtgniid @FEFLARTEfe AN imP NIt eRD Wiiight
percent, nore phetecabbyidh i8a%hu30 i WplrHynRare Urep i | ferably
at | east 90 wei ght percerllt. é A ur oé'\g?s accaorﬁg tetg%:l e‘éfnqg%r geraﬂfzr? wherein
the cobalt conpBRAEINStieNalitiep &olsalex tymiadies owtra et @t de2breGn

cobal t —oxi de, E%@f ¢5alby, &0 S%g&a%e@%‘%“-sg‘b R Wogrcm Gl ngd o any
of clainse 1 to 3, wherein the cobalt conpound 1s used in an anount ot up to
60 wei ght percerbudtinbeimpreghatedr ehdactadoined deit mrdeftarsabl y bet ween 10
and 40 gt percent . § % Rrocess accor ding to any of clains 1 to 4, wherein
t he cag | yst o&ea?a-lgys-tl——precursor conprises at |east one pronoter netal,
pref erabl y manganeemivanaei was pitepaoed cwntedinimg did3caniasm-or titani um
nost preferably manganese, _the, pronotor .metal s r rably used in such an
amount that th e5F6%ﬁ%yrSt*’F&I18PRc?ol§él tar-’ér?dpﬁrwo‘i?o‘{) eFrJZ%etedi' DEgHS 8ot 4,
preferably at lkéagt commércAapflgceasaidabdrediOoy W) X lppwddy,, Iiiereigr at | east
one pronoter t dis present .in s a).. ., 0 MAY, 200Z - 20
7. A process g@&ib&ﬁ%gaﬁg%aﬁ}’?do 8. Pai"Rd oF -t %%Ee (’%ué:i% W%qﬂ‘lﬂﬁ?eﬁ conpound
i s obtabned byfpretbpmiauices,. Tpei analthitef dldsowrthpad edligigial iB¥hndt A
process according tao clai 5to 7, wherein the cobalt conpound and at

| east one of tﬁégEBHﬁﬁungg%oFXﬁFHHSFSF|%9ﬁ% 4%%?43ﬂ%ﬁrﬁﬁjqﬂPrs at
co-precipitatienp pretanaklay ciyie@ORoCi2DiHoA O Ats 0BOY . anthed H.

resulting extrudates contained 20 wt% Co and 1 wt% Mn.

Example IV
20 A suspension was made containing 175 g commercially
available titania powder (P25 ex. Degussa). To this

suspension a solution was added containing 250 g
Co(NO3)2.6H20 and 8 g Mn(NO3)2.4H20 dissolved in 500 ml
water. Simultaneously, ammonia was added to the sus-

25 pension to keep the pH of the suspension between 7 and
8. After the addition of the metal solution to the
titania suspension, the precipitated Co and Mn on the
titania was filtered and washed with water. The filter
cake was dried at 120 °C.

30 A mixture was prepared containing the dried filter
cake, water and ammonia. The mixture was kneaded for
15 minutes. The mixture was shaped using a Bonnot

extruder. The extrudates were dried for 16 hours at



9. A process according to claim7 or 8, wherein the cobalt conpouﬂdiMQYmm
‘precipitated in the presence of at |least a part of the titania or the
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catalyst particles contained 20 wt% Co and 1 wt% Mn.
20 Example VI (Comparative)

A spray-dried titania powder was prepared as
follows.
Commercially available titania powder (P25 ex.
Degussa) was mixed with water. The mixture contained
25 30% by weight of titania powder. The mixture was spray-
dried using a Niro Atomizer. The inlet temperature was
250 °C and the outlet temperature was 117 °C. The
resulting product was calcined for 1 hour at 500 °C.
The spray-dried titania particles were impregnated with
30 a concentrated solution containing cobalt nitrate and
manganese nitrate. The solution was prepared by heating
solid cobalt nitrate (Co(NO3)Z2.6H20) and solid

manganese nitrate (Mn(NO3)2.4H20) to a temperature of
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30 product, were determined for each experiment after
50 hours of operation. The results are set out in
Table TI.
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E%)c ngogv, according to
the invention, is much better than the activity and
selectivity of catalysts I and II.

Example VIII - -

Catalysts V and VI were tested in a process for the
preparation of hydrocarbons. Micro-flow reactors con-
taining 10 ml of catalyst particles V and VI,
respectively, were 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 were 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%
to 100%. The water concentration in the off-gas was
kept below 3000 ppmv.

Following reduction the pressure was increased to
26 bar abs. The reaction was carried out with a mixture
of hydrogen and carbon monoxide at a H2/CO ratio of
1.7:1. The GHSV amounted to 2400 Nl1/1/h. The reaction
temperature is expressed as the weighted average bed
temperature (WABT) in °C. The space time yield (STY),
expressed as grammes hydrocarbon product per litre
catalyst particles (excluding the voids between the
particles) per hour, and the C5+ selectivity, expressed

as a weight percentage of the total hydrocarbon
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TABLE II
Catalyst v VI
WABT (°C) 215|225
STY (g/1/h) 560 | 540
Cgt selectivity (%) 85 |88

It will be appreciated that catalyst V shows a
5 better performance than catalyst VI. Further, the
catalyst preparation process of Example V (according to
the invention} is much simpler than the catalyst

preparation process of Example VI (comparative).
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" (¢) calcination of the composition thus-obtained.

2. A process according to claim 1, wherein at least 50
weight percent of the cobalt compound is insoluble in the
amount of liquid used, preferably at least 70 weight percent,
more preferably at least 80 weight percent, still more
preferably at least 90 weight percent.

3. A process according to claim 1 or 2, wherein the cobalt
compound is metallic cobalt powder, cobalt hydroxide or an
cobalt oxide, preferably Co(OH), or Co,0,.

4, A process according to any of claims 1 to 3, wherein the
cobalt compound is used in an amount of up to 60 weight
percent of the amount of refractory oxide, preferably between
10 and 40 wt percent.

5. A process according to any of claims 1 to 4, wherein the
catalyst or catalyst precursor comprises at least one promoter
metal, preferably manganese, vanadium, rhenium, ruthenium,
zirconium or titanium, most preferably manganese, the promotor
metal (s) preferably used in such an amount that the atomic
ratio of cobalt and promoter metal is at least 4, preferably
at least 5.

6. A process according to claim 5, wherein at 1least one

promoter metal compound is present in step (a).
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compound and at least one of the compounds of promoter metal
are obtained by co-precipitation, preferably by co-
precipitation at constant pH.

9. A process according to claim 7 or 8, wherein the cobalt
compound is precipitated in the presence of at least a part of
the titania or the titania precursor, preferably in the

presence of all titania or titania precursor.

10. A process according to any of claims 1 to 9, wherein the
mixing in step (a) is performed by kneading or mulling and the
mixture thus obtained is shaped by pelletising, extrusion,
granulating or crushing, preferably by extrusion.

11. A process according to claim 10, wherein the mixture
obtained has a solids content in the range of from 30 to 90%
by weight, preferably of from 50 to 80% by weight.

12. A process according to any of claims 1 to 9, wherein the
mixture formed in step (a) is a slurry and the slurry thus-
obtained is shaped and dried by spray-drying.

13. A process according to claim 12, wherein the slurry
obtained has a solids content in the range of from 1 to 30% by

weight, preferably of from 5 to 20% by weight.

14. A process according to any of claims 1 to 13, wherein the
calcination is carried out at a temperature between 400 and
750°C, preferably between 500 and 650°C.

15. A catalyst or catalyst precursor obtainable by a process
according to any of claims 1 to 14.
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