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; e3edr YAOTTUSVAWKG. YTYL][ OND 02/ 0289 - 1 PCT/ EPA / 07~~8 CATALYST AND

PROCESS FOR THE PREPARATI ON OF HYDROCARBONS s a The present invention &\

rel ates t ov@aozetsd yst and process for the preparation of hpcrpeaErGons fro
synthesis gas. The preparation of hydrocarbons froma gaseous 5 mxture
conpri sing carbon nonoxi de and hydrogen (s]ynt hesi s gas) by contacting the
m xture wwth a catalyst at el evated terrperature and pressure is well known
inthe art and_is_co nt hesi s
Catal'ysts t hat CHEATEEToBNbaBROCRSSaroR e bERBRRAEEORNOR, RV RROFERBPuEess
typically contain one or nore catalytically active netals from G oups 8 to
10 of the Periodic Table of the Elenents. In particular, iron, nickel,
wcobal t and rut heniTh@ REE/AT VAR 10 A9lEtes 1P 85 cadElvsterd s for such

catal yst and maydes ORid0Nald ﬁ@%a&ei%nwdﬁ HRRE Ra P Bl oxi des
and/ or nmetalsas pronoters. Cobalt has been found to be the nost suitable
for catal ysi ng¥Y2tesdes ¥ds which synthesis gas is converted to primrily
paraffinic hydrocaqo e?%n_,taad NG £2 Yo E, C 2 dsn ot her

wor ds, the C5+ sel ectrrb\% f lt he cat g%ystcar soﬁ‘rs;hlggpm }ga%r@%gat al yst
corrposﬁtr ons avietairso dqmmamgomefrborn gl X igsl @dndw@ymogemO4122454 vm| ch

descri bes an (xBa t n_a

pl ati num group errer#asst?%ng asﬂﬁfﬁcidnceyr%ﬁcﬁ%%adr X%’re ?nglrnm%rupa %um ?r? %1 atinum
or a netal oxiate esectatas] demgrE nahu e rgeh eaes s saodealits amimrmioarln dam ahe
alum na, silica trtnrc srlratrtnic rau&ngtscrta c carrier.

Cat al ysts of tanfe i it SIPTE Y HEF AT At e xdta 39 37 ﬁfrchfl cation

catal ytic con\ee,rrttefesirﬁi nay be used in controlling em ssions from gasoline

engin / - 2 P EPO 1/ 7.1.18 US—A—5 134 109

provi gés a cat al yg)tfaér Stgtaé:arﬂaé’f SR M5 rBoris FARRET conpri ses
at | east onengtrdpSdromsyirvodidin mdelg&e:rypimaarlq/ dorltedst owke oreRider om
cobalt and nanganeiave deaﬁﬁébt ed on a carri gstwhl ch |55preferabl y. Zi rconl a or
stabi | ised zi 101 lgbFtede dtAlss doR GROARRSE Eohd Sifndhan

i rongroup met deSikdl AsraRalds alfd iM1Qherd P! atd PHPGIQURIEL alroyych as

rut heni um rhodi um paI | adi umréipl atinum andi ri dium and nanganese oxi de,

supported on & A e A TSk e 1 Jamwoare ytically
furthesdi scl O%Pc%larm&%cisf Fort RRIAH UGt Aindin@f) &Rl Y8 Ja3agnt ai ni ng

hydr ocarbons of 1-4 carbons for use as fuels,froml| ow cal orie gas
containing a rﬁthjrre?d)fwﬂﬁdr%lfe@%m medrad it G ast/icgn aieitp leamson

di oxi de. 15JP. A5 RARAAAIL Il T bR 2 @ Pl of;the
producti on of '%rret aneé and CZ2_4 hydrocar bons an(}\é\goes not concer'nlrtseef in
any way with ifrior esdiady ShEh+s aluestesg thn dlriialy styimd heoviveergsisor sof | ow

calorie gas. | ndgad rgg];@gm t nly
exanpl e of conversi oﬂrédo@ Sl %E\Ifll H2 m xlt%ulr?ce %‘?ﬁ%ﬁggﬁ%ﬁﬁ (;.‘Lf?n%o
m xtué€ of 3 garas HH@:aarccﬁIlquarEtt(D@Ei -n IirheYress ervomisof tdecdlsal yst

conposition conpri si nglO% Co, 6% Mh203 and 2% Ry on a titaniumcarrier,
resul tsin 74, GRYGIELVA LoD Hge $atG $ T@hcAH10 and 10. 0925002 (by %

volume), i.e. the fingseNCeLfa1Gat RyHREA! rttlmw@&enetlsdﬁmdmﬂat%er
conversion was_effected at 320 C, and aIt ough the br oadest tenperature

range di scl osdd Fett H Pristias Sk AP 4 @hijgh jdesqrides @mat
thepreferred rangedss R0 gt i38Q 46 3RAIdAUgt Woniy4 365 683 a@%&‘iﬁé bes a

rheni um pronot edcobal t™ catal yst on an inorgani c oxi de support which

i spreférably tR¥aEinm \GHAP cﬁa}t&él%f@:t SHEP B amiIhepddn npridddetion of

hydrocarbons by, 0Qidy il sHdidies i &4 REGRINAT H:Q14Ofs 1T %%”Q:'}rro?r&mﬁ?' ng
hi ghly active, this WO U2/02-189 - 3 PCI/ EPOL/ 07-L-48 disclosure is

. di scussed in d@inganese,| gl angl 35,cksfl Y A ad3mMissg, sddd ce@ont r ast ed

“with the corresponding ALWHNASSURAY (0 LRkAlLS: (iiGh B3 s30,gni ficant |y
hi gher activity.

Catalysts of the invention are fitted in an exhaust gas
30 purification catalytic converter and may be used in

controlling emissions from gasoline engines.
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5 Much research effort has been directed to finding catalysts having a

hi gher C5+ selectivity than known catal ysts at the same or higher activity.
US- A- 4 85wme2encerns the addition of rheniumto cobalt RGI/BPOOMIEr of
common supports including alumna, 10 silJica, titania, chrom a, nagnesia
and zirconia and a process for the FT synthesis of hydrocarbons using said
catal yst. However, it is recognised therein (e. g. colum 4, lines 54 to 59
and colum 15, |idEsAR 5]534t£%? R¥RVides hparisl withefok Hete a3tmama may be
used, such 15 ,suppoy S W el tjyitie It is
found in US-A-4 857 %‘g%péﬁgﬁﬁiﬁh%?%%ar%%%i el Ek%bt ai n%gl jb%é%%eé%%ldi tion
of rheni um t o Rglad nBreyppordian cubdl futthrrpiyrtand ajy ckaast tore nakal
‘correspondi ng £ i 8= t i cul.ar e FT ;
conver si on of fs%/élr?hrﬁe%a?sﬂgg%c? ﬁ?%ﬁﬁ/@%%%aﬁ%%ﬁ%%w oa\f’;\llecra%"tﬁﬁ-lli %%J?%}(I:tﬁ/i ty,
hi gher © CO comafsianl amil teeiier @2+steadbiekisad tad farniaeni um pronot ed

DTN b oo TP B et Mo A ¥ BT R AR

No. 0 Coo ReSupporim mi¥xal such as cobalt and iron, a platinum group
Conver si onC2+CH,0028121A12033387 711, 40,,93012- Ti 02« 1187, 611E.7f0t 311217} 02*1
786. 512. 80. 732435 PG 17 YL SRt Wz 130 g 5% = 19%2}'5. "0 BRAU R AR

cal cined at 500rfaidr, SapPahdngat€sdaskvde 60 uspoRase b tderaboye
di scl osure, the person skiJled in the art V\ouléiqﬂi% eér;lay deduce that Ti 02
shoul d*be avoi LS 1R aF YSIOEHR 195198 or T HER tobal F9E T nati ons i n

favour of Al2QBisdl&dsshermdtgs Cio s R g5 $ded t 1 r OF aH PPN Sc I OEUE EFa 2
nunber of by-products, such as carbon di oxi de, water and gaseous Cl g

hydrocar bons. F@M@iPing RYRFRRATRCRS &F cbrf eFRTRANS (%07 sty 37 i feels,

i mportance to Pe,Rbl &y t O BEH LSt é@%&ﬁ@ﬂ%rﬁé'@trﬁﬂﬁh@é‘%ﬁ%ﬁﬂ n,
Fi scher-Tropsch reaction, to satisfy individual requirenents such as
i ncreased o C5aBRANXIdemne RRickNGHY FrRIFkDP Preideion. It is

hi ghl vy glesi rabl e top1duees § bey ADUN 101, 87 ROSh A 018, 2401 S s ng

Fi scher-Tropsch synthesis of 15 hydrocarbors for econom c an
envi ronnent al feasons. predist per t¢Luterhaneleznad di-o thiydeseasieens hand evel
of carbon di oxi de %O-tfroduct i n, such_process to less than 20 v/v,

preferably | es®%h CHFTRA LT e Hhgthtf e 16 HARCERRS T hodob boi es
20 enpl oyed f oL, Ao LEOPELY Ot ThE A RO SR deos e £ dN1 e gas.
Indeed, it can seen from Example 2 therein, which is the

20 only example of conversion of a simple CO/Ho mixture,
that the treatment of a mixture of 3 parts Hs and 1 part

CO in the presence of a catalyst composition comprising

10% Co, 6% Mny03 and 2% Ru on a titanium carrier, results
in 74.6% CHyg, 7.3% CoHg, 5.5% CaHg, 2.6% CyHip and 10.0%
25 COs (by % volume), i.e. the presence of Cg+ hydrocarbons

was not detected. This conversion was effected at 320 °C,
and although the broadest temperature range disclosed for
the process is 150 to 400 °C, it is stated that the

. preferred range is 260 to 350 °C.

30 Although, US-A-4 568 663 describes a rhenium-promoted
cobalt catalyst on an inorganic oxide support which is
preferably titania, which catalyst may be employed in
production of hydrocarbons by both FT synthesis and the

conversion of methanol, as being highly active, this



WO 02/ 0289 PCT/EPOL/07-t-18 - 5 Fischer-Tropsch synthesis, do not cause a
concom tant reduction in C5+ hydrocarbon selectivity. It can be seen from
Tabl e 1, wWueé2/02im9l st the addition rheniumto a cobalt cat @agBEPO74Bt ani a
gives a nodest 5 increase in activity fram 11% carbon nonoxi de conversi on
to 170 carbon nonoxi de conversion, the C3+~selectivity is reduced and the
C02 selectivity is equal or increased conpared to the correspondi ng
unpronot ed cat diigsi osWDeAi187H0628¢sedl anesofloma 2at dlipes &6Mbi SbRgoobal t
10 and nangane ng/ 4V di 14 rte n arrier wherein the

cobal t: (nanganggeg+qv§nad%§% gponﬁggga% geg wéF% éégtcffrFSpgﬁldn@atalyst
exhi bi ts hi ghealGhinselkapporitey aadaliygher wadthvhby whenitfisednitnyt he
vFischer-TropscE.lE synt@e3|§ of hydrocarbons, conpared to catal ysts
cont ai ni ng cobdf"6fi $S0r *¢dntaining a rel atively higher anount of
manganese and/ or vHnadi ueseRreheefédreahasebsennalindetttit @si #indihgoni a and
‘m xtures thereof ét i S Ei%hlé denggble not Oilé to. |ncr§ase further 20
the C5+ sel ect FOFRYYEFSsHEN109bEI P LIRRGal6de SELPEEYEEEY HRATaKEE" 0 reduce
their carbon diQxi | et iyi.t t bag . b risingly found that
the addition o?gghggﬁﬁguggtkﬁfeéag Pﬁeﬁﬁgﬁp%nE?El§EE?heniun1to

cobal t - ranganese c&SaAyﬂt866n§6§iCbonsroanthetaddhyloausé 2Benédmctioons in
car bon di oxi de s a %tIVI t.can al al so have dramati.c ects_on t he

ty.,. b
roduct sl at e SBERTKedt PoMRTCRy Ao CaSH SURPRECES FELBPT Sea mi B,

Accordiingl y, tb&lﬁbﬁ$€ﬁhtanﬁamtbhﬁomﬁQVIdﬁ@n&sﬂéOéﬁﬂSzﬁ@bohhﬁ phadecti on of
mai nl y C5+ hydr ocar bon risjpng. 30, contac carbo nonoxi,de and
hydrogen at a PERp 8F§t§P nﬁet%g gXHSQeSFSfP%WB%§5OF8r PBSCUahHIePETE: ed
pressure in gheapaeyemceﬂ@me?e@atahyi@ @g?pqaubeﬁntﬁ@ﬁaﬁhsuaggcobalt,
nmanganese and at .| east ong o eni um and/ or rutheniumon a titania
carrier. WO 694831149 El§e§C?QE§€ﬂ 7aﬂ§ Ae HWBlﬁa'télﬁﬁétﬁéFggépgéﬁF t he

present Inventwamlatogugg%r%sc@t@b&sEhﬁ@ngqgmﬁhanmagnaélﬁb@a cehaht ,
nanganese and rheniumon a titania carrier. By "mainly" in t he pr esent

i nventilon is nﬁ&ﬁ?o§ﬁ55p§ﬁﬁ@ﬁﬁ Gr&EaLYE tah 1A tBOMIE RO BYSEd a6k LFRE LB aflfi ni c
hydrocarbon andscaphen dih0xisda - Q'%%W'@@@'QBatB¥heph9QE6Ea§b%Beylb@dthe
present invention is nmeant the overall product distiibution reSulting from
F|scherTropschoéyﬁﬂnééu@yOﬁhﬁyédééaﬁ@6n9f rhenippe tpepanminargupreyifes of
CL_4 hydrocar bagpe1E5EaRydhaeasR0Rteat@iel nand far ban Abprhdengr esent in
the product mixture. The rufile:anatase weight ratio in the titania carrier
is not |initedtitanhe-puepertedngatplyst -hdnepartigudarat tbendy

Convenb%nt l'y b%oh‘%é%s%%” o% %gn%%e%%sd%ragr E‘h@%dh Aro §Z%Qn§7%90%8low%§ .
titania carrier may be prepar any “met in the art, however it
is particularl ﬁﬁeféﬁﬁ@@tnwa¢YbhélghpanraC@aﬁphyﬁrﬁsOprepdrééghﬁrtﬁe+

absence of sul phyr-cgontainin Qunds. An_ e suc

preparati on ne?ﬁgﬁ |ﬁV&FVééO&I&ﬁgRHVErBFQ?P§e§anLFéﬁ|GﬁF?éﬁF&éhPBrlde | t
wi Il be apprechabfénbhatnbhe foirt @Rina 1peWdak adosickednf EQRREYEN (@apBnepanati on
nmet hod may not be of the desired size and shape. Thus, usually a shaping
step is required to prepare the carrier. Shaping 25 technlques are wel |
known to those skilled in the art and include pelletising, extrusion,
spray-drying, and hot oil dropping nethods. Titania is available
commercially and is well-known as a material for use in the preparation of
catal ysts or °~ 30 catal yst precursors. As an alternative or in addition to
titania, the mxture nay conprise a titania precursor. Titania nmay be
prepared by heating titani um hydroxide. As the heating progresses, titanium
hydr oxi de i s converted via a nunber
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PCT/EPO 1 /07-1.18 of water

contain fromb5 to 30 wt.% of Co based on the tota

internediate forns and the successive | oss of a nunber
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nol ecules into titania. For the purpose of this
speci fi cAWOON248he term "titania precursor” is to be takePRCEHEPA/(7¢f8er ence

to titanium hydroxide or any of the afor
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activation ar € otsuppantedalrimnrd prtefd®t Chvention. The pore vol une nay
conveniently be in the range of from0.1 to 0.8 cnB8/g, preferably in the

range

WD 02/0289 g _ PCT/EPOL /07-4.t8 of fromO0.15 to 0.7 cn8/g,
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15

20

Fischer-Tropsch synthesis of hydrocarbons produces a

number of by-products such as carbon dioxide, water and

gaseous Cj..4 hydrocarbons.

As well as improving

o)

1>3

]

CO conversion,

it is of prime

importance to be able to adjust the product slate in any

given Fischer-Tropsch reaction, to satisfy individual

requirements such as increased

%

reduced CH4 and CO, production.

Cg+ selectivity and

It is highly desirable to reduce the amount of carbon

dioxide evolved during Fischer-Tropsch synthesis of

hydrocarbons for both economic and environmental reasons.

It is particularly desirable to restrict the level of

carbon dioxide by-product in such process to less than

2% v/v, preferably less than 1% v/v.

Of prime importance is that any methodologies

employed for a reduction in carbon dioxide selectivity in



precursors onto the carrier; and/or extruding one or nore catalytically
active conpounds or precursors together 10 with carrier material to prepare
catal yst waoadses. It will be appreciated by those skil IRi/ERO1IONESar t
that the nost preferred nmethod of preparation may vary, depending e.g. on
the desired size of the catalyst particlés. It belongs to the skill of the
skilled person_15 to select the nost suitable nethod for a given set of

ci rcunst ances Bh8chegurrererts SYEkPEESFondpa)Obecabpfechegonsrngtany
conventional, caneEeLAl in @ @'h?BE6c§¥BBHd§é1eEEiQ§8§kCU'ar1 a screwtype
extrudi ng machi ne may be used to force the mxture t hrough the orifices

in a suitable dieplateahobgi skdnexkbrdasBseot, t BRadeqhiedtl @hm adligtgbhands
-formed upon extrusion may be cut to the desired. |l ength. After extrusion,
the extrudat esTBFBLHM £8. 2DFQPRGENEGCBEYEF 8Lt B4taRlanddredapefodest

tenperakure, pigatecabkyidpPate@iz®t§0@rEm M0EecREBEAT ABhYxYBel @oR98rSiohhe
‘period for drying is typically up.to 5 hours, nore preferably from 15

[}

M nutes to 3 hbAr &/ STRELEQPr BABAXAAR BPPEATEAPR) yEhecEaposPLr6hifayYbés

cal cined. Cal cinat.i Ls .effect.ed levated 30 te rature, typically in
t he range of fFS%%Ega ?%dg%bgC?S rg%égﬁ %¥l§¥ ést8ﬁg§§a95rénpﬁe%%88range of
from 400 to 75@oﬁpaggaetar%h@r%B&xebaohagngaaﬁgreﬁoﬁéaﬂbégglygt@50 C. The

duration of calcination treatnment is conveniently from5 mnites to severa

hours, preferably B8-Ar8iy982/ilnuedates Bohaurstalywb oompzisgng cgbalt
PCT/ EPQ,/ 07. 1- ' I t LHhati LS i.ed out in
an oxygén-conté?ﬁfﬁgﬁggﬁggghépgfggrg?é%EE?@ gprBF?E§FPF %ecggééggiated
that, optional Wherehe dhgi pgbsfléep (mpdgbheseatcvanadismepateypiberetibi ned. 5
A preferred neggogeggtp&?paring the catal yst according to the present
invention is by’ inpregnati'ng the catalytically active conpounds or
precursors onto a Baidi eataTllgas, ekiipbtakl gighercagti selestinptegaatied with
a solution of a cobalt conpound, a solution of a rhenium 10 and/or

rut heni um conpBiibe&ndciigdryt PoANoRS§dndRghResELiechpsuRgOPPERf erably, the
carriefsis Inp59aeag%qssb%uhyaggea§bxn@¢teoﬁggréasesCEaxslgékgl compounds.
Thus, according to a preferred enbodi nent, the process for preparing the
catal yst for usentainhagpcebads enlvhecrscpnesdéninpnaeneletivenpr hégber

Co'i”Pregnati“Qﬁbﬂﬁtc%%rgghgﬁhbg aaﬁBVHEiQQnQ&'am909§E%eﬁ9QB°HQQFi@rs
solution of a rheniumand/o rutﬁenlun1conpouné and a solution of a
manganese conpoéurduda takcehér,préternéd apthwixbfirpsepheicrgfthe catal yst 20

according to the present i t 1 1 X o] a pcally
active conpounds o?@pggcakgéig aggﬁk?ﬁ§¥c§?§i§$}§fgﬁlg&%éggﬁgeéﬁ%ﬁhﬁﬁg t he
resul t 2Ag m xt the, Ckel sewedtbyidyyipfigsantd caebsilhi ngnyheeert cadalgsttol | owed
by inpregnating with further cataI%tlcaIIy active 25 conRounds_or
precursors to gPépéﬁéocéPaF§§PC§xF Gaat earpep diexifAet AELEFEA¥SEYof the
present invention. 1fhuss hyRi BakhystPpresinyey kFsuRliXxedaW theaagabalbn
conpound and a nmanganese conmpound and water followed by extrusion of the
resul ting nixt @fesSmaad aﬂﬁéFl&#?ﬁnafaﬁﬁeseuﬁaﬁeﬁﬁPﬁgFU¥BPP6%@dt§y

| mpregnat i on “bBBaQtSQEthﬁﬁs%fcﬁtéﬁ?@huebﬁﬁgéQEiBHEh@QhUHb%OBHQ?nQaEQe
prepare catalyst extrudates for use in the process of the presen

i nvent 8n. Prefedubltyonshancgerben dsonidedssiagbigasyusbytwicen aheocobal t
and manganese ¢agROWRdGAtic 59%@@%'$§9the1 rngE%Egggég7BB§aInB§’from
according to a preferred enbodi ment, the process for preparing the catal yst
for use in theFprbydsocerbrhe synsbent si neaationseconpri ses co-extrudi ng the

carrier with a cob ] d n ageJolll . | Lo
i npregnating the e%%%ﬁggggg%Pfhéggsgfggggﬁ gﬁgsﬁgggﬁiE%ngg%grgr§?§8§¥ﬁm
. compound. Exanpbestbe sutabltéonobdl matoirpolpdshydabcrupobe vesmgriminbe

preparation of said catal yst include one or npre of cobalt hydroxide,
Cobalt38Xide, §655PFt689b6ﬁ§P9n monoxide and hydrogen at a temperature

in the range of from 180 to 270 °C and elevated pressure
in the presence of a catalyst composition comprising
cobalt, manganese and at least one of rhenium and/or

ruthenium on a titania carrier.



10 halides such as cobalt chloride (hexahydrate or anhydrous), inorganic
acid salts such as cobalt sul phate, cobalt nitrate or cobalt carbonate, and
or gani ¢ awioh2gak89s such as cobalt acetate and cobalt for neGI/EHenef&E8r ed
cobalt compounds include cobalt hydroxide, 15 cobalt carbonate and cobalt
nitrate. Exanples of suitable rheniun1éoﬁp6unds that may be used in the
preparation of said catalyst include one or nore of rhenium oxide, rhenium
chl ori de, rheni umaeediotiyng wemomeitim persiesiat et e dopes e ni wverct ton The 20

preferred rheni C oungl i ' e n I sui tabl e
rut heni um co oﬁcﬁ} S&F%a% %@gﬁgmy%%%%réé@%ﬁ%ﬁ@ﬁg%%% cat al yst

i ncl ude one ormamyaEnefe aamait hieem inm heth | @et Stuaohi ascautbeni um chl ori de or
‘rut heni um i odi de, 2 rut henri' , hal itckee Qr ssal ttthnereof for 25 exanpl e

rut heni ¢ chl ori de, PAmibii ity r uttheri e THF O det ™ 5ol 198 rif HaRARE ot or i de,
pot assium r ut hamhentthdosdider ehant @ nitint dxa sked saic htlas patthepinta di or
'tetraoxide, a ruthenic acid salt such, as tassi um rut henate or sodi um
rut henate, an 'of ?1‘?%&??& hae‘ﬁ‘?uﬁ%%o%%xg%‘ch LBV i um car bonyl
rut heni um ni trosylyivtged@ucThel pref ein ethe U hendmin Cor@otsh | Ss ddreni um
nitrosyl nitrate. Exanples of suitaple manganese salts that may, be used in
the preparati dPOfOEEH L REPYEEE i FT SR rE e 889 of Tom RL~
hydr oxi de, MaN@EGEsSEn OXiWehe H18d | desShpdedcasbondy Q 02/ 0289 reidtive

PCT/ EPOL/ 07-t. 18 manganese chloride, inorganic acid salts such as nanganese
sul phat®, mangdMRERtsi ¥ dt - orh AdRgEMERRN Tar bohdt ¥Ir @FC R Hani E2 BRT BBAI t s
such as manganesg acet at e. and manganese formate. Preferred manganese 5
conmpounds i ncl e’ TANgRTES eh‘%ﬁ% i%e%n ngh%agﬁl%%%u%FtIPJa’ftéu]é%d manganese
acetate. The inprepatiwi I¢ eaidende iweigpt cadt yo fDh | Ovedt Dyaliayi ng and,
optionally, calcining., Drying js,typically carried out at a tenperature in
the range of fYomM¥ tb° 1%°t 036)11&1?%‘5) D ti%e PETRRRS, 1YW VIFFRWSE to 4
hours. Cal ci nadd0m #$tiyph&pl doneaniiémel pute aleds tERPRr A3y ead n the range
of from?200 to 900 C, preferably, in the range of from250 to_700 C. The
duratidh of tHéekereinegdikn 2Bt Peht29s’'fypically from0.5 to 24 hours, 15
preferably from 1 49 4 odtiSa SktAOF Ymad hee Gt ShAALH OBy t L QAHBM oM | |
normal |y be higher than the average tenperature durin he ‘dryi ng
treatment. WhefRPWR use, thheakhit dP99eveHrik hes p?%%"els%ug?r%fﬁélfﬁ&lé?ﬂd

i nvention may Cont aifle i £384 PAFEiOF {06 LOPA L4200 i Pl pBiall e form
Therefore, it 1s nornmally advantageous to ‘activate the catalyst prior to
use by a reductybphu¥ceeMenining eomeeirdendin ofxanptegeh suck|avat ed
tenperagure. Typi . cij BN | . L reati 25
cat al y%? at a %%%%%%?ﬁ?%hﬁen&?ﬁ&e %%ﬂgle‘;%fa# rom 1%38&]?%)\!%%0 Cgﬁoép‘%a%ic}ﬁﬂB
hours at el evatedrpeebauide. t Ipi¢hll yo¢ rappredizbedotivatrahg 1titoaRdd bar
abs.). Pure hydsogen gBy;DeqUBEG i fuliies IeAyCE L on; &k At PROL  ndtndt &
usually preferred to appny a m xture of driogen and an inert 30 gas, such
as nitrogen. The tlke¢ ad¢veredosihze oindyshapen Presentsualinea nshapieg may

range from bet % or di o] ferred

enbodi nment , thé/'e\Ea tg{y]g%](g?%{)%&oﬁ%hqp%%gf%eé?eséﬁgg?%mﬁ%ﬁéi and pressure
| evel 3% in a technjgre gasratwobbhenewanto stliitseguekhtlledt e tha\& 02/ HRB9 -
12 PCT/ EPQOL/ 07- 4- 48 cat t Is contacted with a gas_mxture nt.ai ni ng
only a sl | SRR e et gnc reristaly ' efs MrThiberd o B TS

t he reducti on dreapimntmetineds el ati ve anount of hydrogen gas in the gas

m xture is gradual ]y, increased 5, 0 50% or ev 100% by volune. |If
possible. it i prifertEh TS Seet VLS ramidh o £l 1R 1 WL ot e ¢ ne
reactor. WO A-9/4d M3Te fESTrfbesusd im shd eapatysionmcdf vadt Oy PEHCESS
.Whi ch g@nnpri ses co taﬁti n% the catalyst in the presence of hydrocarbon 10
liquid®with a "?‘E/ﬁ?&ﬁ% -RONT & AP hY- gas at a hydrogen partial pressure of at
least 1.5 MPa (15 harambsierpsief e abt yitad@asior. o MPar4r0a parhabs. ),
.hore preferably at least 3.0 MPa (30 bar abs.). Typically, in this process
t he hydrogen par¥tFare gra%serBPTEsSata nbstans? 2o fRPAr 290 %ﬁ?a%’o%.ly‘?ylkfei S

advant ageous t©rd&eh HE@NSY enSPeMg Cel By slim hy@rogddal yas tmthé@tsixh%st at
| east part of the initial activity of an activated fresh catal yst, by

subj ecting it REPEH A Dgehl SRR P oRYRRORCHE t + 2 aEPRYIEL LEBnVERI BRI

35 of intermediate forms and the successive loss of a number



20 the ROR treatnent involves the steps, in sequence, of reduction with a
hydr ogen- cont ai ni ng gas, oxidation with an oxygen-containi ng gas, and
reduct i onwi e2n2a8%hydr ogencont ai ni ng gas. The process of tHRCTERE®MIS
invention is preferably 25 carried out at  a tenperature in the range of
from200 to 250 C. The pressure is typi‘ca7l 'y in the range of fromO0.5 to
15.0 MPa (5 to 150 bar abs.), preferably in the range of from1.0 to 8.0
MPa (10 to 80 lwefr watyer) mdleqyaats ciltar Hitemik .0 Roxr 6@ WRargos® tof GMrilmar

abs.). 30 Hydr %Q:igf{l%accair on Jmnhaxi de “(tﬁ*%medsésrcﬁ%ﬁ)so@i J.{osg t%f%‘éem ently

fed to the process a noldr Tatio1n the rang rom .. The gas
hourly space vdladan yag GH\ELegferidwe toy ritilesiisinydy drmpxtile groeess off thee

‘present inventi vary. 35 ..t hi i_de ranges and is typically in the
range of from a%%ﬂ&i%ﬁ%?”%@#ﬁ%ﬁo#ﬁis 400 to 10000 N1 1-1h-1,
for exarfpl e from 4@&tad 0G0 tHih tl'hiHy be Twed enmt@dSYriceasd lofk pawsdnt t he
‘art, and relates to.the vol f o synthesis gas in Nl,_i.e. litres at
standard t emperati iy B Y S a%”cot%éﬁ“{ i%orte (3(9I C’%%mﬁd Ofrt?éPr abs. ),
whi ch is contatizetkd pronhdastal Weigme ldft rheofcatatlaists tcpgyddidlien, i . e.
excl udi ng int erétf)arti cul ar @l d spaces for slurry reactions. |n the case of

a fixed cataly: Oﬁﬁe&rﬁ% : : éllosd"oo_@5e>¥ﬁr'é%s§_§dc%b€eﬁeq iy &y
catal yst bed, itftallGditHtud NG HNRRAMSC WoMposaitd ocilaGhd Mstpr ocess of
the present invention for the p;zeé)lar ation of hydrocarbons may be conducted

usi ng dWari et PRFESERA0rL Y e LAt refdt itoh esgdhen the tSkadpmeight xed

bed regime, a Jaurdhe RRASE JRIIdBYsidiokn ebullating bed reginme. It wll
be appreciated that the siZe of the catalyst particles nay vary dependi ng

on the reaction rediar@livids dhati maghdrsd Used it the prpreass pigsientof
th killed : | i t t of i
e skilled persondiQd € %f%@%&%%m&%&rnoﬁrﬂoﬁ %ﬁgﬁuﬁé% 3 "'ptazf 'toﬁﬂ Qurp! 2€

for a given reaction 2 ther, 1t w rstoo at the
skill ed personlbeseshpabltéheoftdallectdightt v bt capprlomt atenreeridiitdnons f or

a specisfd c rea fd t reagti gn o eqi ne. t.he
pref er rleéd gas ?1%084 f}’gg eg%%bgle\) \C/%Ogtgicbt'yﬁrr;tf é&eﬁ‘ﬂp&fﬂ%%&?g o) rgglaecti on
regi ne that is tdialg vepightedhf Thes ,catfalifst salesisigd drmo operate t he

hydr ocar bon synt hesy rocess . wi.th a fixed d_regine ref erably the gas
hourly space vel oci%ta;aﬂélsc ot FahES élr?éa’tél']e&fn f%?léampg $F f%g(?éﬁlsef-tlh- 1.
If it 30 i s desinvethtiormpersierddiey ysdrecar Forons yntthiesics prac.es sant o fa
slurry phase reqine, preferably the .gas hour]y space velacity iS5 C nin
the range of frlg’rﬁ"ll%‘g %rlfff'%bd%f\tlfeiu%ﬁ“ pase rb%ﬁe{;ﬁld"é&ghﬁ: P
PCTI EPQL 07- 4- tchtHIey s eseiod ivieyi,i aibres prd fesdamated doyn the If ald awiwig ¢
Exanpl es, whi ch shoul ot be regarded as li.mting the s e of the
i nvention in arﬁf‘c&bﬁfd~%\'eoﬂlrﬂ5’1' aigla)é? N A% Ve Aiddt ure was
pr epar ed co;n aimsiingutllof’i Sie Qj‘amryfmfl | czjoa{pilqsila:\&air{,agf trﬂds\?;\daigﬁ:emﬁ&#&j’lj p25
ex. Degussa), 49.5 of, comrerci al |y avai Co 2 er, 8.2
VI AC) 5 21B0 (Vi tr InS st alerh &8k 0ih ap P /B daaren i
m xt U(rje was kneaded fol 3 Mitdlesie e XL Mas 1ISHaPebrihbsaamm .of an
ext ruder.
25 Catalysts that may be used in the process of the
present invention may further comprise up to 20 wt.$% of a
binder material such as alumina or silica based on the
total weight of the catalyst composition, preferably up
to 10 wt.% of a binder material such as alumina or silica
30 based on the total weight of the catalyst composition.
The pore size and volume of the catalyst composition

prior to activation are not limited in the present

invention. The pore volume may conveniently be in the

range of from 0.1 to 0.8 cm3/g, preferably in the range



The extrudates were dried for 2 hours at 120 C and subsequently cal ci ned
for 2 hours at 500 C. The catalyst (lI) thus produced, contained 220 by 15
wei ght of wapdeal2igoconpounds, expressed as cobalt netal, andecr/@enijoysssei ght
of manganese conpounds, expressed as nmanganese netal, based on the total
wei ght of the catal yst conposition. Exanplé 2 20 A portion of catalyst (I)
was i npregnated with an aqueous sol ution of anmoni um perrhenate (NH4Re04).

The extrudat esopefeofirpedsfes @.hosws/§f MaPe GodteeabTy NBE 106 2akgars at
500 C. The catalyst (I1) thus produced, contained 22% by 25 wei ght of

cobal t conpoundé,feamr@s%edoaé.&obmﬁfgnetaI, 1. 2% by wei ght of manganese
conpounds, expressgd a ne 0, 180 by i ght. of _rhenium
compounds. expr essl e RLEEnSRelBt Yoo SR W Hel Ghhnd af o3 44
based on the tloyaheiebgfnt kodwh heo 30hcat at¥sllednpowstiie cart Exaungh ead By
portion.of catalyst (1), was jnpregpate .mﬁ%;yan ueous sol uti on_of
Pothent fm ni ¢ roEsrint taarBS HIEAEREERES) S bly R BEYE e Em3Gudds %0, 0280
PCT/ EPO1/ 07. t . pBecuitbors Thet @Xt heldas £81i¥EF esitd pacdDtidg homisa@ing20 C and
calcined for 2 hgzrs at 500 C. . The catalgsiﬂélll t hus E%oduced, cont ai ned
22% by wei ght ¥ICIbatPPESIPBLALE, TRR pratachttea tbhat tEhEt aFOMBOYRYP By

wei ght of manggReser §OAPOBRES, t BX PELSEEEr ASa @) GRNESEr Bl Y , 0o P AV by
wei ght of ruthenium conpounds, expressed as rutheniumnetal (9.9x10-6 nol

Ru/ gr am cat al yS@§alekhapl by 428bivat aPPRPURESt PREPPTRSU PR Fdr hedeElkesdr ding to
the nefhod desﬁiﬁl@egaiﬁie\!\;@rﬁﬁ_@@f@&’i?’%od%%ﬁéi’étéa*&al}ét epdrlhiryere tested

in a process for the pregaratlon of h arbons. MTtroflow reactors A, B,
and C, containing 10 wilbfbeagppyeesated |y Hresalskikbyrdcin vy arh the 15

form of a fixeg,bed.pf ﬁBEE'g?éf89£éﬁcﬁgﬁ?¥§r8fhﬁ?éfﬁ&éé&éhtﬁﬁ?§§§£ re of

260 C, and pressurised wt conti nuous w of” ni'trogen gas ressure
of 0.2 MPa (2 Geapemdsny.eThe cat bhgsdesiheed pezieicefl e s¢ataiyst 24 hours

with a mxture j gen, a ogen S i r j
relative anDun?Q%FP%%%gbggE ?%lgﬁggnggtﬁg% ﬁ%ﬁthgﬁua y§€%%$%§2%%£$§%n100
to 10005 The wabeseteatehheanosh snithkleffeybsd whsr kapgibeh oveB060 ppnv.
Fol | owi ng reduct%gnmaggggg%egggrgeﬁﬁfr%ﬁg£€g§ed to 25 2.6 MPa (26 bar

abs.). The reattiGh arried ottt w a m xture of hydrogen and carbon
nonoxi de at a H2/ xtahsbonfmdy 1bd. e ThecEiSVuashmyndmegd ¢eonB&Ot Nindt 1h-1. The
reaction tenperature |s.expressed as thg i ghted average, bed tenperature
(WART) i C @ THETGBEGAH HeaYr bl AP L STHH L 48° By pl BoREAL Het b RmsoCren

hydr ocar bon pregpet eperubiihgemsahahyshapabéi as€s €6 nEdrick nghé hei xonds
between the particles) per hour, the C5+ selectivity,.expressed a wei ght
per centige of Fhﬁo?%?aFgﬁyangé?BﬁnlBr6dﬁ%f%a%;ﬂ aidp1atd’ £ yiefd

extrudates of the desired form. The strands formed upon
extrusion may be cut to the desired length.
After extrusion, the extrudates are dried. Drying may
be effected at an elevated temperature, preferably up to
25 500 °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.
The extruded and dried catalyst composition may be
calcined. Calcination is effected at elevated
30 temperature, typically in the range of from 200 to
900 °C, preferably at a temperature in the range of from
400 to 750 °C, more preferably in the range of from 500
to 650 °C. The duration of calcination treatment is
conveniently from 5 minutes to several hours, preferably

35 from 15 minutes to 4 hours.



the C02 selectivity, expressed as a nol ar percentage of WO 02/02.189
PCT/ EPO1/07~~8 - 16 the CO converted, were determ ned for each experi nent
after 50 hauwm2ed9 operation. The results are set out in TaHI®RER/OTABLE |
Catal ystl 11111 WABT (C)209202206STY (g | cgat 1h™ 1) 100100100C5+ sel ectivity
(0) 929594002 selectivity (991.21.00.8 Tt”will be appreciated that, in
addition to the 5 reduction in C02 selectivity, the activity and C5+

sel ectivity of botdrreegmigrtibyl |thdalsinatcowr dirvpnenthel s nwentien, is
much better t that_ of \Y . =, 17 S

PCT/ EPO1 /07-% JJ%L}? EB?O%}? @1%0?51%%%1%:%0 u%ﬁ%ﬁ?re@i%ﬁ%%%*&%%rcar bons
conpri si ng conttactihy loardepr eohoixéd etlatd, yrlrogenl lat, ahengeymtarstem t he
range of from 18 0 27 el evat e es e. in,the presence of a
catal yst 5 co%%cgi }feonC%l()ér?LpI??rg? n%:]te ob%% l,[]rgerra(?log%gbnler}seed'and at | east one of

rheni und and/ or ruthentefered netlood o gpprepariyy treocessabgsording to
‘'claim 1, wherein thc?. cat al ysrtl contains fromb5 to .% of Co based on the

30 W
total weight ST aFGstPePPOETHY o Urfdt Vet ¥ H N EeFaR b yg the

contai ns fromdh y10i &a iy % M basesiypsuridie ¢otmte svet ghits odntdiea cat al yst
conposition. 3. Process according to claim1l or, 2, wherein the catalyst

contains 0.01 $&°5L%% - AlAeh BYPIFRh Unk R P E Sl highi AR BRERaitoh YhEDt ot al

wei ght of the £aialwstord So€0aPOSHA 1©ONcofpol L ES SsFOCOTSH NGE tH Ayn pag of
clainms. 1 to 3, wherein the tenperature_is in the range of from 200 to 250

C. 5. Plocess 2REGIi FG-RPHHY P AN | 2 15V UL O P I e HIRRP &
Process is carddmsb @i, Undefeiey, bege congdi1d onss fup@a¥sd conposition

conprising cobalt, manganese and Theniumon a titanic carrier. 7. Catalyst
conposi ti on actBrehtraneouelviwieh Wereesrostite netial yEIMROMHREF nsTRRSm 5

to 30 wt.% of, Lo, N8y OF a preferred embodiment, the process for
preparing the catalyst for use in the process of the
15 present invention comprises co-impregnating the carrier
with a solution of a cobalt compound, a solution of a
rhenium and/or ruthenium compound and a solution of a
manganese compound.

A further preferred method of preparing the catalyst

20 according to the present invention is by mixing some of
the catalytically active compounds or precursors with the
carrier, followed by extruding the resulting mixture,
followed by drying and calcining the extrudate, followed
by impregnating with further catalytically active

25 compounds or precursors to prepare catalyst extrudates
for use in the process of the present invention.

Thus, typically the carrier is mixed with a cobalt
compound and a manganese compound and water followed by
extrusion of the resulting mixture, and after drying and

30 calcining, followed by impregnation with a solution of a
rhenium and/or ruthenium compound to prepare catalyst
extrudates for use in the process of the present
invention. Preferably, the carrier is mixed

simultaneously with the cobalt and manganese compounds.



the total weight of the catal yst conposition and wherein the catal yst
contains 0.01 to 5 wt % Re based on the total weight of the catalyst
conposi ti WD 02/02889 Cat al yst conposition according to clai mECHEPI0788
wherein the catal yst contains fromO0.01 to 5 wt.% Wnh based on the total
wei ght of the catal yst conposition. Wo'B27 0289 - 18 PCT/ EPOL/ 07-4-L8 9.
An activated catal yst suitable for the production of hydrocarbons obtai ned
by reduction with Ehdsegeccatrdéngydicea W@ma“teulr embbdanmeattal ydte accor di ng
to any one of e r ct. on,of a catalyst
conposition as%cl é’.g%rrédf.t"% %re%c?njrgngfot & Scsata Sét 305% %%Léh r% r| S
extrudi ng t he bift ahleapcratsemm 1wWeimtao¢obze;lrrlpmmsommdeartctuammngese
-conpound, followed.b )élhn% %ptl onal 1y, c | ci ni_n and foll ovved by
i npr egnat i on W eER TS oIWLJItl o SHES 8 manganese compound

Al AFLS. AYL, . Aol 18¥edA¥k9 aﬁpﬁ%gﬁ\éltﬁ\gl_ D lexAI:cludAItIe9 wAAD. Al .sAQrutAldn AYL?. A
'L+ YZ[] _ RSyz{}}x nid Z]c .
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¢ ay ca] ca] ca] cal ca]aﬁ@w]ecao}f ik@ble cobalt compounds that may be
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A]<AA]ABB]BB<]C{ v ?h@tﬂex]olfc ]&h@s@h@mi eadick, C&ﬂmao]mjai @hg_&h@@],c&h@@hﬂxﬁﬁ] caUl ca]ca]c
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ca] ca] ca] ca] ca] ca] &* X{e(,s/\& c %ﬁ /] %&?y} cg}@%%as] g ca]Dca] caj

2WWWIM[ [ ] [ n[s[e[d$\191\ 2he \ﬁi\fe\ﬁér\;\a\t\ﬂdlﬂ ldd 1d1% wpltfaa ysé]tc 1@ﬂc<l%ﬂc¥‘ea]difé] @3] ca] ca
] gg] gg]l /cg] (ia] cgl]ogae]t ca ca] ca| cajc a! cal.cal ca] ca] ca] C tal]e%eild]mca: lc)]rcla ecacl)]rca] ca

ccceeczupj e [V]r@%hfé%]l@la] qalG ], cal %lt%lnq@] %%hqa]ecalrca]aq“ta}t%]&a]ftatﬂo&al ca]
ca] ca] cha] ca] ca] ca] ca] ca] ca] ca] ca].ca] ca] cal cdddeeeSf f f ghJhf hnhhhhi | KiVi]lji
jk 29 example ruthenic chloride, ammonium ruthenic chloride,

i{

111 xsni dsglhea) caheakonl cahoalieal calaalealsl aleadhad ealalieal,chal cal
ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”*a] ca] ca! | mm n| nknmm nanoooI-Jiot ouopp
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] ca] ca] ca] ca] C %cﬁ%l] cai5a] &ﬁfpaa]scﬁoﬁ'%%s%q]uﬁﬁgé%ué%%ﬂé( or sodi
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Examples of suitable manganese salts that may be used
in the preparation of said catalyst include one or more

35 of manganese hydroxide, manganese oxide, halides such as
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manganese sulphate, manganese nitrate or manganese
carbonate, and organic acid salts such as manganese
acetate and manganese formate. Preferred manganese

5 compounds include manganese hydroxide, manganese nitrate
and manganese acetate.

The impregnation treatment is typically followed by
drying and, optionally, calcining. Drying is typically
carried out at a temperature in the range of from 50 to

10 300 °C for up to 24 hours, preferably from 1 to 4 hours.

Calcination is typically carried out at a temperature
in the range of from 200 to 900 °C, preferably, in the
range of from 250 to 700 °C. The duration of the
calcination treatment is typically from 0.5 to 24 hours,

15 preferably from 1 to 4 hours. Suitably, the calcination
treatment will normally be higher than the average
temperature during the drying treatment.

When in use, the catalyst for the process of the
present invention may contain at least part of the cobalt

20 in its metallic form.

Therefore, it is normally advantageous to activate
the catalyst prior to use by a reduction treatment, in
the presence of hydrogen at elevated temperature.
Typically, the reduction treatment involves treating the

25 catalyst at a temperature in the range of from 100 to
450 °C for 1 to 48 hours at elevated pressure, typically
from 0.1 to 20.0 MPa (1 to 200 bar abs.). Pure hydrogen
may be used in the reduction treatment, but it is usually
preferred to apply a mixture of hydrogen and an inert

30 gas, such as nitrogen. The relative amount of hydrogen
present in the mixture may range from between 0% and 100%
by volume.

According to one preferred embodiment, the catalyst
is brought to the desired temperature and pressure level

35 in a nitrogen gas atmosphere and subsequently, the



x"?C FZ(109%&' ()-4FZ(109& ()-4Y(FZ(109&' ()-4FZ(109%& ()-4Y(FZ(10%& ()-4
EF}"FC Y(FZ(109%&' ()-4FZ(109%& ()-4Y(FZ(109&' ()-4FZ(10% ()-4Y(F@u] CC
FZ(10%&' (wod¥(odfsd( 109& ()-4) FZ(109%& ()-4Y(&FZ(109%& () - 4) FACTDEMR1/0)+443450x"?
C FZ(109%&' ()-4FZ(10%& ()-4Y(FZ(10%& ()-4FZ(10%& ()-4Y(FZ(10%& ()-4opqg}"FC
Y(FZ(lO%&f()-4FZ(lO%&f()-4Y(FZ(10%&T(T-AﬁZClO%&T()-4Y( @\Bu] CC

FZ(109&' ()-4Y(&FZ(10%&' ()-4)FZ(109& ()-4Y(&FZ(10%&' ()-4) FZ( 109&' ()-4Byz{x"?
C catalyst is contacted with a gas mixture containing only

FZ(109%& () - 4FZ( 10%&: () - 4Y(EZ( 10%& () - AEZ( 1L0Y& () - 4Y( EZ(;LOY& () 4" #$Y&' 4~sh
S R Tov & () % B GBS ook Ty TS e (1S AT e 1y A EERR  Cohy <
f :c s$10%"(\§€£ () -fas 9' NOPARY 8K - r QAU &f & fdatFdDoh &S - r EFE 1096 Bhdnt
Ff10% & ()-6 |[:

£

. | hl]< FY 3:10% & ()-L-_fls$l0%k' c& ()-Z f]1s$10%' "& ()-Z
f1s$10%" Y& ()°Z }%%‘1@‘%8%%? (32 zé‘%:? | B I8 RS -’z%/@é/%ﬁé‘%ig&o’%‘&‘??@é&
F10% & §) - F188685 (503 FOR08%&n (1609  BP' Ml uhy] 6: 10% & () - M6789:; 1 It T84< i f

Lowg O 1110 0 1T 10308 ()7 11 008 O, i APHE Qs UL I O-
if 10% & ()- poss e, 1 p err o ac e catalys

in situ, i.e. inside the reactor. WO-A-97/17137 describes
an in situ catalyst activation process which comprises
contacting the catalyst in the presence of hydrocarbon

10 liquid with a hydrogen-containing gas at a hydrogen
partial pressure of at least 1.5 MPa (15 bar abs.),
preferably at least 2.0 MPa (20 bar abs.), more
preferably at least 3.0 MPa (30 bar abs.). Typically, in
this process the hydrogen partial pressure is at most

15 20 MPa (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 subjecting it
to a hydrogen strip or an ROR treatment. Conveniently,

20 the ROR treatment involves the steps, in sequence, of
reduction with a hydrogen-containing gas, oxidation with
an oxygen-containing gas, and reduction with a hydrogen-
containing gas.

The process of the present invention is preferably

25 carried out at a temperature in the range of from 200 to
250 °C. The pressure is typically in the range of from
0.5 to 15.0 MPa (5 to 150 bar abs.), preferably in the
range of from 1.0 to 8.0 MPa (10 to 80 bar abs.), in
particular from 1.0 to 6.0 MPa (10 to 60 bar abs.).

30 Hydrogen and carbon monoxide (synthesis gas) may be
conveniently fed to the process at a molar ratio in the
range of from 1 to 2.5.

The gas hourly space velocity (GHSV) of the synthesis
gas in the process of the present invention may vary

35 within wide ranges and is typically in the range of from
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400 to 10000 N1 1-1h-1l, for example from 400 to
4000 N1 1~1n~1l. The term GHSV is well known in the art,

and relates to the volume of synthesis gas in N1, i.e.
litres at standard temperature and pressure (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 for slurry
reactions. In the case of a fixed catalyst bed, the GHSV
may also be expressed as per litre of catalyst bed, i.e.
including interparxticular void space.

The process of the present invention for the
preparation of hydrocarbons may be conducted using a
variety of reactor types and 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 they are intended for. It belongs to the
skill of the skilled person to select the most
appropriate catalyst particle size for a given reaction
regime.

Further, it will be understood that the skilled
person is capable of selecting the most appropriate
conditions for a specific reactor configuration and
reaction regime. For example, the preferred gas hourly
space velocity may depend upon the type of reaction
regime that is being applied. Thus, if it is desired to
operate the hydrocarbon synthesis process with a fixed
bed regime, preferably the gas hourly space velocity is
chosen in the range of from 500 to 2500 N1 1~1lh-1. 1f 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 of from 1500 to

7500 N1 1-1nh-1,
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The present invention is illustrated by the following

Examples, which should not be regarded as limiting the
scope of the invention in any way.
EXAMPLES
Example 1 (comparative)

A mixture was prepared containing 112.5 g of
commercially available titania powder (p25 ex. Degussa),

49.5 g of commercially available Co(OH)y powder, 8.2 g
Mn (Ac)9.4H20 (wherein “Ac” represents acetate) and 45 g

water. The mixture was kneaded for 30 minutes. The
mixture was shaped by means of an extruder.

The extrudates were dried for 2 hours at 120 °C and
subsequently calcined for 2 hours at 500 °C.

The catalyst (I) thus produced, contained 22% by
weight of cobalt compounds, expressed as cobalt metal,
and 1.2% by weight of manganese compounds, expressed as
manganese metal, based on the total weight of the
catalyst composition.

Example 2
A portion of catalyst (I) was impregnated with an

aqueous solution of ammonium perrhenate (NHgReOy).

The extrudates were dried for 2 hours at 120 °C and
calcined for 2 hours at 500 °C.

The catalyst (II) thus produced, contained 22% by
weight of cobalt compounds, expressed as cobalt metal,

1.2% by weight of manganese compounds, expressed as

manganese metal, and 0.18% by weight of rhenium

compounds, expressed as rhenium metal (9.7x10"% mol
Re/gram catalyst), based on the total weight of the
catalyst composition.
Example 3

A portion of catalyst (I) was impregnated with an
aqueous solution of ruthenium nitrosyl nitrate

(Ru(NO)(NO3)X(OH)y, X +y = 3).

i f
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The extrudates were dried for 2 hours at 120 °C and
calcined for 2 hours at 500 °C.
The catalyst (III) thus produced, contained 22% by
weight of cobalt compounds, expressed as cobalt metal,
5 1.2% by weight of manganese compounds, expressed as

manganese metal, and 0.10% by weight of ruthenium

compounds, expressed as ruthenium metal (9.9x1076 mol
Ru/gram catalyst).
Example 4

10 Catalyst testing was performed according to the
method described in WO-A-97/00231. Catalysts I, II, and
IITI were tested in a process for the preparation of
hydrocarbons. Microflow reactors A, B, and C, containing
10 ml of catalysts I, II, and III respectively, in the

15 form of a fixed bed of catalyst particles were heated to
a temperature of 260 °C, and pressurised with a
continuous flow of nitrogen gas to a pressure of 0.2 MPa
(2 bar abs.). The catalysts were reduced in situ for
24 hours with a mixture of nitrogen and hydrogen gas.

20 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

25 2.6 MPa (26 bar abs.). The reaction was carried out with

a mixture of hydrogen and carbon monoxide at a Hp/CO

ratio of 1.1:1. The GHSV amounted to 800 N1 1~-1h~1l. The
reaction temperature is expressed as the weighted average
bed temperature (WABT) in °C. The space time yield (STY),
30 expressed as grammes hydrocarbon product per litre
catalyst particles {(including the voids between the

particles) per hour, the Cg+ selectivity, expressed as a

weight percentage of the total hydrocarbon product, and

the COy selectivity, expressed as a molar percentage of
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Cst+ selectivity (%) 92 95 94

COo selectivity (%) 1.2 1.0 0.8

It will be appreciated that, in addition to the
5 reduction in CO5 selectivity, the activity and Cg+

selectivity of both catalysts II and III, according to

the invention, is much better than that of catalyst I.
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6. Catalyst composition comprising cobalt, manganese and
rhenium on a titania carrier.
7. Catalyst composition according to claim 6, wherein
25 the catalyst contains from 5 to 30 wt.% of Co based on
the total weight of the catalyst composition and wherein
the catalyst contains 0.01 to 5 wt.% Re based on the
total weight of the catalyst composition.
8. Catalyst composition according to claim 6 or 7,
30 wherein the catalyst contains from 0.01 to 5 wt.% Mn

based on the total weight of the catalyst composition.
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