WD 98/ 25870 ' PCT/ EP97/ 07141
PROCESS FOR THE PREPARATI ON OF HYDROCARBONS The present invention rel ates
to a procwedsizesrot he preparation of hydrocarbons from synt RESEPIYEHA 5

m xt ure of carbon nonoxi de and hydrogen. -The catal ytic preparation of

hydr ocarbons from5 synthesis gas is well known in the art and is
comonly referred to as Fischer-Tropsch synthesis. Catalysts suitable for
use in a Fischer-Tropsch synthe5|s process typically contain a

catal yti.cally active netal o VII1 of the Periodic Table of the 10
El enents (HandbooKRGFE éﬁeﬁPEtFVEaﬁgEﬁﬁﬁé?égN 8Bt HYBBPERBRONERC Press,
1987-1988). In particular, iron, nickel, cobalt and rutheniumare mell
known catal ytically active metal s for such catal yst. Cobalt has been found
to be nost suit&BPePFBFeRAt ANYERAECR ISlates ppo2eREOGHSHhERR Byt hesis gas

i's ConverteErEPEQaEHbﬂabf|My@%&éBEthS ?¥9ﬁ0§95998§1§0@$§'“é”9 S5 or nore
carbon ato n ot her word the CJerr]+ selectivity of t he catalyst IS

hi gh. Much mé§éaFéh°§fﬂéFPOHa§°b@éth|@é@tbﬂd¥@g¢ﬁnd|ng 20 catal ysts,
especi al |y cobakf, béﬁ@Ql?@i@'%?éEarQ@ﬂéRr f@?écggﬁgﬁé'Pﬂ&nreSU|t'”9 ina

hi gher C[err]+ selectivity than known catal ysts at sanme or hi gher
actibity. Thystheaispean pateallsheevhi tattbe &bt 398 #20c@Bmonly descri bes

that the OleLels,sal ecthyl byoghecarabysty gopprisipg cobalt and zircontum

titani um or romumon a porous carr ving a small external surface
area, can be infpabadgsby euntablengorh@seai:aleyslt“lw:mmr-aTrOpm 98/ 25870

PCT/ EPO7/ 073447251 SYPLBESLS 0951 DRY1 PIcsnl ol Ny dLogen, { o.gprpon monoxi de

active metal of Group VIII of the Periodic Table of the
10 Elements {(Handbook of”Chemistry and Physics,
68th edition, CRC Press, 1887-1588). In particular,
iron, nickel, cobalt and ruthenium are well known
catalytically active metals for such catalyst. Cobalt
has been found to be most suitable for catalysing a
15 process in which synthesis gas is converted into
primarily paraffinic hydrocarbons containing 5 oxr more
carbon atoms. In other words, the Cg+ selectivity of
the catalyst is high.
Much research effort has been directed to finding
20 catalysts, especially cobalt based catalysts, and/oxr
process conditions resulting in a higher Cs+
selectivity than known catalysts at the same or higher
activity.
Thus, European patent specification No. 398 420
25 describes that the Cg+ selectivity of catalysts
cémprising cobalt and zirconium, titanium or chromium
on a porous carrier, having a small external surface

area, can be improved by contacting the catalyst with a



ratio, typically, from1l.1 to 1.2. European patent specification No. 178
008 di scl oses cobalt catal ysts supported on a porous carrier, wherein 5

most cobal ¢ Hﬁ %%chntrated in the rimof the catal yst part pgirgpofygpean
pat ent spégpf @at"%on No. 167 215 discloses a cobalt/zirconia on silica

catal yst for use in a fixed catal yst bef which catalyst satisfies a
relation 10 between the internal surface area and the external surface
area. Europe8WDHREEAT FFSCHAVEABi BnlRY. hYEBO8OR EPsERBRe3 BORoPideml

activation prgeedure chgmqggaggohhg.g[@5r112§electivity of a cobalt-based
Fi scher-Tropsch cata?yst. 1 Eur opean pat ent s&gcification No. 363

537 descri bes anErrePEaSePRrheAEt FRREyLoFatbopal Nocal A y31E dbppbrses on
titania, by addhng eRthAyhe% Bypowekebl 8f 81 LbeaubOcdbeidifapharepnrier.
Eur opean patent application pubﬁlcatlon No. 498 976 20 descri bes
cat al ysts coRPEFnFRE2EEbaASt CaRESPREALath Snppbet Bimodf athe tadralyskrier. It
i's clainmed tEQEtEBQ%@ catal ysts have a high volunetric productivity
(activity). European patent application publication No. 71 770 25

descri bes a procBszopgpnt Ratphneparacibhcationndar It riloldFsepkosedm

synt hesi s gas. l; alt/ -angan C I i al ysts
are cl ai ned ?ocgggggé?ﬁgggﬁggihktﬁFggggogégggygﬁepgfe%é{iﬂﬁg%gﬁ%%@?ty of a
cat al yst conpetsilmgtcbedl whand frahgipnetesaniafiasia ofll0ion 1:6, is only

20% san derpRLELCRL (AL 61880)) JouChem S0, o CHehe AL, PagSS 798 799

describe selective formafion o err dr ocar on nopnoxi de
and hydr ogensurf¥©e98£26870

PCT/ EP97/ 07141 European patent specification No. 168 894 discloses

an optimal activation procedure to increase the Cg+
selectivity of a cobalt-based Fischer-Tropsch catalyst.
15 European patent specification No. 363 537 describes
an increase in activity of cobalt catalysts supported
on titania, by adding up to 15% by weight of silica to
the titania carrier.
European patent application publication No. 498 876
20 describes catalysts containing cobalt and rhenium
supported on a titania carrier. It is claimed that
these catalysts have a high volumetric productivity
(activity).
European patent application publication No. 71 770
25 describes a process for the preparation of linear
oa-olefins from synthesis gas. Inter alia cobalt/
manganese and cobalt/vanadium catalysts are claimed to
be applicable in this process. The C5+ selectivity of a
catalyst comprising cobalt and manganese in a ratio of
30 1:6, is only 50%.
Van der Riet et al. (1986) J. Chem. Soc., Chem.
Commun., pages 798-799 describe selective formation of

C3 hydrocarbons from carbon monoxide and hydrogen



] )

-3- using cobal t-manganese oxi de catal ysts. The cobalt/ nanganese ratio is
typically 1:1. 1nternational PCT application WD 93/05000 describes a

Fi scher - Tmapsgits8tmt al yst conprising cobalt and 5 scandPCIEPTNTiE4Inal | vy,
the catal yst contains additional promet®rs |ike thoria and/or other

mat eri al s such as nagnesi a and nanganese. "The Fi scher-Tropsch and Rel at ed

Synt hesi s" hysihd e 01 Chn & L G4 B Anders hn Wley 10
and Sons, Nevs Yodr_|kc: 1951) .,ar{rifjeﬁ‘ erred tlo ei ﬁé&f{ﬁlﬁﬁﬁasﬁ gﬁ‘a %%G%Jlgid& i cati on WO
93/ 05000 pr ARG S FAEWP oS daffyFaddrnk lod -Fi scher - Tropsch cat al ysts,

| ncl uding cat al yistse SEPIdEN GOl A BNGRNGSY 03BdO LKA On
page 120 reference is nmade to experinents in which'it was f ound
t hat cobal t A EHERNEE BIWS EnFadeaist ampgasesy oobdd tcanal ysts were

i nactd ve as dd s, B Gat alyst er,..Qn.page 198 reference is
made to experinentglingaﬁic Jiéamas fgﬁﬁEHSEEtanggﬁgﬁygg%&gﬁfgf i ng cobal t
and manganePEamete st dritke Xhoria amal/ior ofthér2miteadadshisger aG err] +

selectivity ar, tal yst containing cobalt and thoria, but at
g@%y%%q% & %%ﬁgd%ééi

a significa ower syn Si's gas conversion. Australian patent
appl i cation No. "f&El1¥/i85hgesFricpesha andt ’kyatedoByathesgscobgl t, silica and

a 25 base or..al kal i terial, typigally.an alkali or alkaline earth
met al . CptigﬁgFlft§ ?ﬂi@ﬁa%%&ggﬁﬁférg%ﬁag‘ge 6P5§£ﬁ9“cﬁae€ﬁ Fléf¥sal ts of
el ed®nt s chesen Sbnem New §oalkp ABS5Al)UNreifefredngBeshUMhtdkAGEi6aRMET ,

"anthanam £h6 AepTiesRaRl R, 937 0BB0 BhpvRHRE: narpunen: Al oF Ldnd arseni c
or antinmonywolkk s Cliached-Thapsthesataayatyst snbaveiaghtghasekestivity
towards '0“@EmB9EEE%% %bggﬁ%ng%d manganese and/or vanadium. On
page 120 reference is made to experiments in which it
15 was found that cobalt-vanadium oxide and cobalt-
manganese oxide catalysts were inactive as Fischer-
lropsch catalysts. Rowever, on page 198 reference is
made to experiments in which it was found that a
catalyst containing cobalt and manganese in a atomic
20 ratio of 6.2:1 had a higher Cg+ selectivity as compared
to a catalyst containing cobalt and thoria, but at a
significantly lower synthesis gas conversion.
Australian patent application No. 46119/85
describes a catalyst containing cobalt, silica and a
25 base or alkaline material, typically an alkali or
alkaline earth metal. Optionally additional promoters
may be present chosen from salts of elements chosen
from the group of aluminium, magnesium, zinc, copper,
manganese, chromium, vanadium, germanium, boron,
30 molybdenum, lanthanum, the Rare Earths and the like or
combinations thereof and arsenic or antimony. It is
claimed that these catalysts have a high selectivity

towards lower boiling l-alkenes.
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Despite the research effort in this field there is still room for

i Npr ovenmeRye ofe4zos di ngly, it would be desirable if catal ystBCEPIVITLASS
conditions could be found which result_ip_a still higher CJerr]+
selectivity at 5 the same or, preferably, higher activity than known

catal ysts or process conditions. It has_ now surprisingly been found that
for cobalt/ nangaﬁcgessé”c%et g‘?rifstrsest%ﬁ% eoq‘%‘ré:r erit t@&ﬁa&gﬁ{ﬁaﬁﬁgﬁgsésml ar

rati os the bestiX] erddnt S&f eiaip ndiametd/ Aeddrdinglyt,he thivehest pactivity
depends on the Co/ mo] ar_ratio for each GHSV val ue of the synthesis gas.
For relati vel‘%ﬂfﬁ‘ Datt /TRy FaRRCeSS S5pckitd opgacomdbabievel y hi gh

synthesi s gasfdai®V wadstescamilonly & esullll imidHe isghest eGkerilkty at
selectjvities, but also in 15 the npst active catalysts, i.e. the

hi ghest conver it I ntHeiarafly: MHahedoRsiidd twi thaRokaPFPanganese

cat al ysts hawatg ihgheroaghalddymnganase omy.ar ratios which are used at
relatively | ow GHSV val ues. The (CJerr]+ selectivity is calculated as the

percentage ([ err]4 3PS novw SHRRFdTdRIY Dsen Sexndafbakt £8F carbon and

hydrogen conty Ity meHBRowds darBd« sThHsS i @iRresent apphi¢ation relates
to a process for the preeparation of hydrocarbons by catal ytic reaction of

car bon nonoxiMFRIANSF hyRHIGdeFatd afhitdle Best Cs+ sgdecshvatyeandéonmpri sing

hydrogen and wGar hary HENIOH A8 vi% © FHRHRI At glee¥alnd heTRer akusg and
pressure with a catalyst conprising cobalt and manganese, wherein the
cobal t / mangari®de ataCHH iV live 19dt kden sypthegag was-afe@rthe GHSV is at

lleast 1600 N/di/dti R0y 1ow cobaﬁQA%aB@%B%%%GQa%EQQdFgeﬁgpggfspEHQ@SS of the
present invention uses a catalyst in which the cobalt/manhganese nolar ratio

i s between 13Felagdged:vl himdy SY&SHESii4l Iopshétienalnes: nosndnlg: 1.

result in the highest Cg+ selectivities, but also in

15 the most active catalysts, i.e. the highest conversion
of synthesis gas, when compared with cobalt/manganese
catalysts having higher cobalt/manganese molar ratios
which are used at relatively low GHSV values. The Cg+
selectivity is calculated as the percentage Cg+

20 compounds of the total amount of carbon and hydrogen
containing compounds formed.

Thus, the present application relates to a process
for the preparation of hydrocarbons by catalytic
reaction of carbon monoxide with hydroegen in which

25 reaction a feed comprising hydrogen and carbon monoxide
is contacted at elevated temperature and pressure with
a catalyst comprising cobalt and manganese, wherein the-
cobalt/manganese molar ratio is between 14:1 and 7:1
and the GHSV is at least 1600 N1/1/h.

30 In a preferred embodiment the process of the
present invention uses a catalyst in which the
cobalt/manganese molar ratio is between 13:1 and 9:1,

more especially between 12.5:1 and 10:1.
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The GHSV of the synthesis gas in the process of the present invention is
suitably alolegasd702100 NI/ I/ h, preferably at |east 2700 N/ pCEEPIDOTAL
preferably at |east 3200 N1/1/h. The GHSY will usually be |l ess than 5
25,000 NI /I/h, preferably Iess than 16,000 N /1/h, rmre preferably | ess

t han 10000 N / I /,lt'}1 T&%\} )I}étky@t known | r’k e [las ar})df teh ates to
t he gas per hour space ve OCI e spy €sl s gas Sn N
(i.e. at thepzséﬁmitarmvmmmratw esmmftibl[;erarﬂ (leaatd; tZ’ﬂé)Olml/l/h,standard

pressure o 0, 000. Pa ont act ed | hour w th one
litre of catpoﬁ e[ %é |%"f Jsea ir}w[@lﬁb it %FParret g‘ry Vi d spaces. In
t he casle ;)f Bé;a];c)ﬁ&lmGQ/ ralﬂzﬂded 'JtSim:I @A wislt ), de{tfal_(}jS\be slamail[ﬂam Iexpres_sgd
as per litre : i.nc er,particul ar voi
space!g In t %@@éﬂaf o’?e%%fﬁfﬂlhsns owaéhﬁgﬁ'@d kaa'r/tll ed" Ut r esponds
to about 10Q8kd\ddtdii pniesd atiryesd eabo Umwall/ilry the mmmes-isai gaes mai nly

conpri ses carhbon nonoxi de dro e et her wi.th snal unts 20
met hane, carBoht KRR dag% e}%ear‘?%etrctsthe&ﬂatsa@%f °Yreast 70

percent of tsﬂ%@é’ﬁéﬁc&ﬁt;@ﬂ&lé hyiel ogeIumen b £ ayithaBIOYjade  irpnaf er abl y at
| east 80 percent, m)r r ef er&? at Ieast 90 operce;,nt The ;space velocity
i s cal cul at eld dir tHe u?ﬁa ?fi/l T $hd C&ABor-Honoxi de, i . e.

the jmerts afuiird NGtaiatke B© wcxlame( 100‘0 ,C@lIpsSt) ivhieH G ated on dry
catal yst, excluding the void spaces, bet ween the cat al yst art| cles. The

catal yst to IRMEAEERT nth t@‘epr}?ﬂ}b"sswlotf e 3gtre oL tventi on
suitably comgyisies & Caf Id erex@SREGIAl |riy‘ce6k;99:rtqlt$.11(a&r Nl é;ﬁ@é@ref erred

enbodi ment

In the case of especially a fixed bed catalyst, the
GHSV is usually expressed as per litre of catalyst bed,

15 i.e. including interparticular void space. In that case
a GHSV of 1600 N1/1/h on catalyst particles corresponds
to about 1000 N1l/1/h cn catalyst bed.

Usually the synthesis gas mainly comprises carbon

monoxide and hydrogen, together with small amounts

20 methane, carbon dioxide, nitrogen and other inerts.
Suitably at least 70 percent of the synthesis gas is
hydrogen and carbon monoxide, preferably at least
80 percent, more preferably at least 20 percent. The
space velocity is calculated on the amount of hydrogen

25 and carbon monoxide, i.e. the inerts are not included.
The volume of catalyst is calculated on dry catalyst,
excluding the void spaces between the catalyst
particles.

The catalyst to be used in the process of the

30 present invention suitably comprises a carrier,
especially a porous carrier. In a preferred embodiment,
the carrier is a refractory oxide carrier. Examples of

suitable refractory oxide carriers include alumina,



the carrier is a refractory oxide carrier. Exanples of surtable refractory
oxide carriers include alum na, WO 98/ 25870

PCT/ EP97/ silica, titania, zirconia or mxtures ti;‘@f,ﬁpj-mwf,ﬁch as
silica- aﬂﬁ@ﬁéﬂg‘? physi cal m xtures sugh as silica and titania. Preferably,

the carrier conprises titania, zirconi m . xtures thereof: 5
According to a further preferred enbodi ment, the carrier conprising
titania, zi?tbhfar oflheREar c3l FRRRBDFOL PRXFuehdthadsfdi $a1alp a 50% by

wei ght of appf heg - gfmwﬁgoay grwfmiyfmmué/s Sgddrpaaso sial10E Ngyg More
preferably, the additional actory oxid present, conprises

up to 20% byiweryht, Pé@éﬁr#ﬁﬁe: pr%@wwyemmqwqm%wmrgm of the

carrier. Thes cartigrorogixpPreierably.scpnmprises titania, in particular
titania which ﬁgs %eoen pr’épar ed t?*g the absence of sul phur - cont ai ni ng

conpdunds. An ekemprding 4% a furfsfmslh Epiree’q'ﬁatn@td embestived ti,n\edleves fl ame
hydr ol ys'smgrﬂé?né #PH Orfér?'l ﬁ’%rllabeanaﬁﬁxet‘ifr%t ed that the

titania po derive rom prepararon met nmay Aot be of the
desired si Zeherelo Shapay ﬁm&hemmmlylsae stpping &t &y iweigddquiafed to prepare

the carrier 39? 3 %ﬁ@g{tg)@%q Arg lsllllﬁ% rt%l'ﬁrx‘n% skil!ed in
i hel tde pe

the art anda ex’t rusion, spray- drying, ot oil
dr oppi ng rrﬁ‘ﬁdmspré'ﬁ@r@mmnttm étxixblailtormlescaﬁracrtdrryeomtd@l,ysif my vary

vvrdf({)y Tyr%%%séﬁlt tg%“yxgﬂﬂ ctorrpidc.seD "erlé?f r'all?lv;l??lo %arts by wei ght of

cobalt per parts - CarTs ery ] parts by
wei ght, rmr;&erﬁeen‘mh)blg/p 15@41)3%3311 sfvelm;glmr @rﬂ th‘léhea&lmm anounts of cobalt

refer to the t am)unt of cobalt t he basi.s bal.t met al, and can
be det erni ned g@ RErier mos preferg%ly comprlses tl%anla,

partlcular titania which has been prepared in the
absence of sulphur-containing compounds. An example of

15 such preparation method involves flame hydrolysis of
titanium tetrachloride. It will be appreciated that the
titania powder derived from such preparation method may
not be of the desired size and shape. Thus, usually a
shaping step is required to prepare the carrier.

20 Shaping techniques are well known to those skilled in
the art and include pelletising, extrusion, spray-
drying, and hot oil dropping methods.

The amount of ccbalt present in the catalyst may
vary widely. Typically, the catalyst comprises

25 1-100 parts by weight of cobalt per 100 parts by weight
of carrier, preferably, 3-60 parts by weight, more
preferably, 5-40 parts by weight. The above amounts of
cobalt refer to the total amount of cobalt, on the
basis of cobalt metal, and can be determined by known

30 elemental analysis techniques.

In addition to manganese, the catalyst may comprise
one or more additional promoters known to those skilled

in the art. Preferably any additional promoters are



30 " elenental anal ysis techniques. In addition to nanganese, the
catal yst may conprise one or nore additional pronoters known to those
skill ed i nyigver8gi. Preferably any additional pronoters are PCT/BRO7TRB425870
PCT/ EP97/'07141 -7- selected from G oup-I41 LB, 1VB, the noble netals of G oup
VIII of the Periodic Table or rhenium niobiumor tantalum nore preferably

from Goup | the, & Btals of R Vid. of e r.i,qdi ¢ Tabl e or
rhenium 5 \é%lenl 0 413% or tantpzllur}]Bc'}Espedi e’fl ey%ﬁrbé%ermr%g:gl%d&:\fti onal

pronot ers i nénede MIIdormfurhhe iRegiiogime Mattdenicumr hgnatuimg u mi olbemand iom

pal | adi um an r. _rheni The. anmunt, of ditional..promoter, .i.f present, is
typically beg/fggﬁl&%g g({r?d:elggeparts%lﬁ’; f\/f/é%?ngrﬁr,o orl@ia%Iee nfgle bet ween
1 and 50 par tretl sweifgliirouypeVILJO gfatthe e nieidjht Tafbleaor ehenTym,cally,

the catal ysts.t@. ed Jn _the pr S cordi to the present invention
do nofIjt cont ai%rjf Ogﬁl%g‘l i%sro&aéllr{l?a{'luﬁlﬁe E%%r%tcﬁarre alpg,er%%ﬁgﬁd fa%gﬁhtfiggfi ble 15
inpurities i proodteets indl wstearztinognismer itdlteniitund, heuvphepdnat, i on process of
the catal ysts %ft.t kllle present, imnvergtli on..u}'ypi cgl Iry, ht he atopgic ratio of

al kali or al RAFAS Byr tFTReTA ©5 145544 #E4°T FheddsmehdReo. 01,
preferably, bg@&n&?@ﬁt&d@ﬁ&ioﬁﬁg.promotngh&fC@&@bF&E(tngeypiedlﬂg Lhe
process accotding to the pre nyention may suita e . prepared by

net hods kno etta'%teﬁ’oé)éqslﬁnldl §§%i ﬁatr\r{fé glyt ,weéf%’ﬁ'agoﬁye PBPLfi tating the

cat alyt i cal | peasiciene 1¢ @m0 BINdDaat sPbEC ukighs ,OBe® a00aphirek; bypr ay- coat i ng,

kneadi ng 25 . .and/or inpregnating the catalytically active conpounds or
precursors oNEFIRTR% icétrgqﬁﬁd/or extruding one or nore catal ytically

active conpoundsT@pipheQy,S@he catalysts to be used in the process
according to the present invention do not contain
alkali or alkaline earth metals, apart from possible

15 impurities introduced with starting materials in the
preparation process of the catalysts of the present
invention. Typically, the atomic ratioc of alkali or
alkaline earth metals to cobalt metal is less than
0.01, preferably, less than 0.005.

20 The catalyst to be used in the process according to
the present invention may suitably be prepared by
methods known to those skilled in the art, such as by
precipitating the catalytically active compounds or
precursors onto a carrier; spray-coating, kneading

25 and/or impregnating the catalytically active compounds
or precursors onto a carrier; and/or extruding one or
more catalytically active compounds or precursors
together with carrier material to prepare catalyst
extrudates.

30 It will be appreciated by those skilled in the art
that the most preferred method of preparation may vary,
depending e.g. on the desired size of the catalyst

particles. It belongs to the skill of the skilled



)

together with carrier material to prepare catal yst extrudates. 30
It will be appreciated by those skilled in the art that the nost preferred

met hod Of\;%f'gﬁ% ,R)ti on may vary, depending e.g. on the desi reasderg7Ri t he
catal yst- particles. It belongs to the skill of the skilled WO 98/ 25870

PCT/ EP97/ 07141 -8- person to sel ect the nost suitable nethod for a given
set of circunstances and requirenents. A preferred nmethod of preparing the

cat al yst foPafOt&s SRLGGH RS 8P sits siyy tiaRpregratrAg fPReasgiven

catal ytical Igeragtd 8 GUFRAENES Olankl @3 PehedRls0 a carrier. Thus,
typically, the carrier is inpregnated with a solution of a cobalt salt and

a sol ution of almp¥gdregedsagiethor, efepabPyprinmetbar erbplysti APregnat ed
si mul t aneousl j . oV l; S 0 according to
%hﬁbggfﬁeﬁﬁ{f RRARGLNY § STRkA J.g?%gﬁadhp thd

a preferred e , the process eparing the catalyst for the
present i nverttiady téeddivsestdye goreguadisngrt baecarspes ahth a sol ution of

a cobalt sal ! angse ;Saht «, | a .cabalt . ese
cont ai ni ng é%?gﬁgg$ ?gﬁgg b 5reéayéd?h%5%gr§lggng% 5?@?%g§§?§aa hi ghly
concent r at etvigdl @t ised uts cemgifopedobalsuisealsl endeehedlubianr pfeaat such a

concent r at el dag 1.0 P32yl UL OLaTRLLEN: GObRbE-OhLEBRE and
manganese nitrdte salts (i.e. a solution obtained by dis of Ing the salts
in their owsid@ltaneogisyat alithatée) respegtpréf meted eabvdi nEhtsthe vol une

of t i nmpr [ | ut.i [ S Lal Ly, th a L6 itably
betdggn 85%?%%%Ef8§&f%ﬁr%f§?§§%§§%§t%@%%dSBEJSﬁdQE%og?O%%?g Eggferably
about 95% @sephaeipgr éheolcatralyltt fercahei prefpoteinvenbkonnpregnati on). 25

The surfacec%%%§i%%stQ%_g%%%%%%%tgg%rkgg Egrrier with a solution
of a cobalt salt and a manganese salt. In case a cobalt
and manganese containing catalyst is to be prepared,

15 most preferably a highly concentrated solution is
employed. A suitable method to arrive at such a
concentrated solution is to use a mixture of molten
cobalt nitrate and manganese nitrate salts (i.e. a
solution obtained by dissolving the salts in their own

20 crystal water). In a preferred embodiment the volume of
the impregnation solution is substantially the same
(i.e. suitably between 85% and 105%, preferably between
90% and 100%, more preferably about 95%) as the pore
volume of the carrier (pore volume impregnation).

25 The surface area of the catalyst carrier is
suitably more than 0.5 m2/g, especially more than
10 mz/g, preferably more than 25 m2/g, more preferably
more than 35 m2/g. The surface area is suitably below
400 m2/g, preferably below 200 mz/g. The surface area

30 is especially between 40 and 100 mZ/g.

The pore volume of the catalyst carrier is
preferably at least 0.10 ml/g, more preferably between
0.25 and 1.5 ml/g, still more preferably between 0.30



suitably nore than 0.5 nferr]/g, especially nmore than 10 nferr]/g,
preferably nore than 25 nR2/g, nore preferably nore than 35 n2/g. The
surface aweadshkss7suitably bel ow 400 n2/ g, preferably bel ow ROBEPE7/HT14The
surface area 30 is especially beteeen 40 and 100 nferr]/g. The pore
vol une of the catalyst carrier is preferably at least 0.10 m/g, nore

preferably beiveen R125.andelodrdl bo1unti Lb UR1€aBi§f aLabLy; betveen 0. 30
WO 98/ 25870 EP97 07141 -9-

and 1.0 nl /B9 Hﬁéoﬁém@tVMléﬁﬁorglégltabA§TueDeéaBﬁe32bypkgop@r03|netry

according t 428 u o] e of 60000 psi (4.1 kbar). The
i npregnati o réggg%%;ng ?ggggp c% (@ $0F$§aéd by 5 dryi ng and,

optionally, calthﬁih@prémyahgonstryptmemtylsatypbdabhy B lkovedpeyat ure of
50 tg@ 300 [ up er abl | ci nati on
IS tgplcally % édbu?bgfgéa?ygbera é?%l tm%% 13%0 an%yﬁ%% }E?r]c,

preferably, caermeénoaﬁ at a teﬁpeaaﬂuSQOOfe5®]fb Jhe Yuraeromp ofot he

calcination Er% e BMP cail mo.5 to 24 hours, preferably from
fablg e%%r

our
1 to 4 hours € Cca tlna |on treafnent is carrled out in an

oxygen-cont ai ni tglatnespberes pyepieabbyycairiedtowt |t ke appreciated that
D o 0 ey hETBERALLNS By 08 A0F 8 Bt ot et |
treadbnent. Jbe pnocess &CcoTﬂén@urmti@m ®f esieatca e t 0o retedes a process
in that probese, ot cTRiSY TR P OR The tordd (hreThr SISt A |1
state. Therefoses hodurs. nBuiedbyy advieat ageoitsa t omct testimedthei £at al yst
prior to use bylgdrgggciﬁOgntéggéggnééréalnlng atmosphere,
preferably air. It will be appreciated that the average
15 temperature during the calcination treatment will
normally be higher than the average temperature during
the drying treatment.
The process according to the present invention
relates a process for the preparation of hydrocarbons
20 from synthesis gas. Typically in that process, at least
part of the cobalt is present in its metallic state.
Therefore, it is normally advantageous to activate
the catalyst prior to use by a reduction treatment, in
the presence of hydrogen at elevated temperature.
25 Typically, the reduction treatment involves treating
the catalyst at a temperature in the range from 100 to
450 °C for 1.to 48 hours at elevated pressure,
typically from 1 to 200 bar abs. Pure hydrogen may be
used in the reduction treatment, but it is usually
30 preferred to apply a mixture of hydrogen and an inert
gas, like nitrogen. The relative amount of hydrogen

present in the mixture may range between 0 and 100% by

volume.



the presence of hydrogen at el evated tenperature. 25 Typi cal I’y, t he
reduction treatnent involves treating the catalyst at a tenperature in the

range frorT},,;lcp 4s@7?50 [err]C for 1 to 48 hours at el evated W(ﬂﬁ??”ﬁll
typically ro%%gto 200 bar abs. Pure hégrogen may be used in the reduction
treatnment, but it is usually 30 erred to apply a mixture of

hydr ogen and an inert g | i ke nitrogen. The rel ative anount of hydrogen
present in the mAFEPeIMEY Farkpee tiet%\g%we{}i AMPOLUOwBY \dleumatalyswD

98/ 25870 is brought to the desired tem t PgT Q141 -10-
According to one ?erred enbodi nent, th ecraatare N pbr%us/ggt to the

desired tenpelay elfan?tli i eEQdRTe Ja eitnasRhate. rdgme@&na;tlmospmere
Subsequent | y,Cg{@lf@t aiys(toﬂtsa% q\pltt?ﬂ ngtarg qrbg&%rrg X %éer?ontgal ning 5
gas

only a small anoun f/drogen gas, e rest being ni trog Duri ng
the reductiorPitkead nemall tamourd] anf veyduogent gefs, h;tdheogelstgmlln@ the gas

t 100%
mxture i's gradually, ({ggeagﬁﬁq_ Va}{%sy{) td.%\ﬁert]:re % F‘i(ig;/% g si tu that is

possible, it Is pre ‘er to act
i nsi de the rem:ltafrwﬁﬁmpm qfatherdr el igeat iion tNe. ¢852036840rk describes an

in-situ catal it nprise Qn actl the cat al yst

in the prese ce % d?lor!carb Qf%éjal \c,ig]va t°h “a o ev&f‘ogé}@ At é(lo ﬁ‘ §-gas at a

hydr ogen parti al I]f-5 possilpgregssiir e-sofpr@tfelre'&sit tbS5abadvahke. thpreferably at

| east, 20 bar J1or; ferah) t east 30Q. bar Typi cal | inthis
A ROt L 1885 e S0P 56507 2Butopntn

process the hy rod/en partial ‘pressure i's process
of the preserﬂanentemmqa(tmp@remoww hydb@&&ﬁb@BSahSJ_hyglLEa' Iy

Pt Ha AP YRR IR HI8 L3008 A58 1 235 0ch L g
the catalyst in the presence of hydrocarbon liquid with
a hydrogen-containing gas at a hydrogen partial

15 pressure of at least 15 bar abs., preferably at least
20 bar abs., more preferably at least 30 bar abs.
Typically, in this process the hydrogen partial
pressure is at most 200 bar abs.

The process of the present invention to prepare

20 hydrocarbons is typically carried out at a temperature
in the range from 125 to 350 °C, preferably 175 to
275 °C. The pressure is typically in the range from 5
to 150 bar abs., preferably from 5 to 80 bar abs., in
particular from 5 to 50 bar abs.

25 Hydrogen and carbon monoxide (synthesis gas) is
typically fed to the process at an atomic ratio in the
range from 0.5 to 4, especially from 1 to 3. It is
known that low hydrogen to carbon monoxide molar ratios
will increase the Cg+ selectivity of Fischer-Tropsch

30 catalysts. It has now been found that the Cg+
selectivity of the catalyst according to the present
invention is remarkably high, even when using syhthesis

gas having a high hydrogen to carbon monoxide atomic



275 [eérr]C. The pressure is typically in the range from5 to 150 bar abs.,
preferably from5.to 80 bar abs., in particular from5 to 50 bar abs. 25
Hydr ogen &g o§adgh@n nonoxi de (synthesis gas) is typically fedI/EBIVITe4L
process at an atomic ratio in the rangegfromO0.5 to 4, especially from1 to
3. It is known that | ow hydrogen to carbon nonoxide nolar ratios wll

i ncrease the rr] +_sel (A4 o] .SC - Tropsgh talysts. It
has nOM/beenrgggﬁd #Hag ?%%fégkgge%gggﬁgﬁg§toP?tggecg gf?%?rgggording to
t he present brpueheisds psocessr kdblcpehpghseptennwhehiosi ngheynt hesi s gas

having a hig drogen t r.hon noxide . atomc_ .. WD 98/ 25870
PCT/ EP97/ 071 ¥g¥f??gr§PigégﬁﬁRamﬁg§ g??eatgﬂﬁgdfﬁﬁﬁ? of fﬁeé ?drocarbon
synt hesi s proeeegs dfrotnhé .pr eésedt Si.nientsonbstheedydhagenhén sanbon nonoxi de

atom g ratio is in tEe rﬁgge frog1z.5 toﬁ%.S. |t 1S observed. that when non-
5 convePPBYCRTEF0GER R o "E4PPo 2 ABRBXT'GRCOT$F et P r L€ EtF at ed over the
catal yst bedcullkted poesi hhe tatahgesebkle gtr gEnpbastesei bosdhbogeway t hat
t he catal yst hs contacted with. a Sén hesi s gas hav&ng a SEbstanriaI | ower
H2/ CO ratio EA&t CEREVFEEEPSETHL hBsP Céa@.w?ﬁugh?ﬁet g catal¥dtetfivity to

| onger hydr oganbentehawashnay shathustibegakMpaoyRE. aThebsehgeiayity of the
process of the presegt inventiog to C%err + hydrocarbons (i.e. hgdrocarbons
cont ai ni ng ft9BeEafB4RCat8ie Cof fbr EPPsEeRft SkPFPABIE 98- Thugnphhesoo

pref gpabl y mpeeethani89%ombagprehotablyrpBhechhans 88 obet Pertpbal anount
of hydrocarbons fornmed. Usually the CJerr]+ selectivity will be between 86
and 92% or e¥BRTY¥6E-but hi gher val ues may be obtained. The process for the

preparation of hydeoganbeBsviiBy of the process of the present
invention to Cg+ hydrocarbons (i.e. hydrocarbons
containing five carbon atoms or more is suitably more
15 than 80%, preferably more than 85%, more preferably
more than 88% of the total amount of hydrocarbons
formed. Usually the Cg+ selectivity will be between 86
and 92% or even 94%, but higher values may be obtained.
The process for the preparation of hydrocarbons may
20 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
25 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 to select the most appropriate
30 conditions for a specific reactor configuration and
reaction regime. For example, the preferred gas per
hour space velocity may depend upon the type of

reaction regime that is being applied. Thus, if it is



20 be conducted using a variety of reactor types and reaction regines,
for exanple a fixed bed regine, a slurry phase reginme or an ebullating bed
regi ne. k‘t,og\g/ dg7P€ appreciated that the size of the catal ystrp&rlorches nmay
vary depending on the reaction regi e 25 they are intended for. It
bel'ongs to the skill of the skilled person to select the nost appropriate

catal yst parti.cl ize for.a given reaction reqgine. Further, it will be
under st ood ﬁéfe?hgosEPFF@&epgbgoﬁy9§°85688PesgBQEEFéEtpfﬂ%eﬁﬁst

appropri at i@ a fixedndbieti epgifer prepeehbl¢ tRacges sepfh@urati on and
reaction regine. For exangle, the preferred gas Eer hour space velocity may
depend upofiPBf& ¥§8806Fyr ScEP8fcPedPnENEhERNPE BEPAGLEPPIFRA. Thus, if it

i's WO 984288WQ/1/h. If it is desired to operate the hydr&CT/EP97/07141
-12- desired to operate the hydrocarbon synthesis grocess with a fixed bed

regiPme, prEREPSBI jYPRBE§AS BEPCRBSr WiphcR FEVBEY1DNEEE CHREWReI n the range

from 1600 Hee8d28bMy/ thb. ghk pbri Bodeskpedet Go PHELEY €18 NENbYEK Oty 5
carbon synthesis process with a slurra ﬁhase regi ne, preferably the gas per
hour spaceth8l 58P8§ FEOBhALBH FA LABOPaMgélfRom 2400 to 12000 NI/I/h. The

hydrocarbon systBesi8r8BYrHEnCaYRtREs PYmb Y Be f & XL DEGy@ fAuid bed or
(slurry type) bubble colum 10 reactors. Al reactor type are well

known in théxpfiBedar® ARBIHUPEY @EsErivEnyi FyRehibehle I¢elumnure. In a
preperred cphedbpENtARL LBEctBY¥eRLbONaEDE, LERCEI QML | Sn CAUL IS QUL 1N @

slurry phase regine. Catalyst particle size in a slurry phdse regi ne may
vary bet wedRts5apficfBhlysdescrifhad innayaplabbe ablkebutyeen IO and 200

gicrons, npfsfafﬁésréﬁbadpﬁéwﬁeaf29h@ngnéémk£§§reﬁg(f@ggkfggtigle si ze) .
ully back” m xed conditions may be used as we

carried out in a slurry phase regime. Catalyst particle

size in a slurry phase regime may vary between 5 micron

15 and 1 mm, preferable between 10 and 200 microns, more
preferably between 20 and 100 micron (mean particle
size). Fully back mixed conditions may be used as well
as plug flow conditions, as well as condition between
these two extremes.

20 The hydrocarbons obtained in the process of the
present invention are especially paraffinic hydro-
carbons, more especially saturated unbranched alkanes.
Smaller amounts (i.e. up to 5 percent) of alkenes or
oxygen containing alkanes may be obtained. The high-

25 boiling part of the paraffinic product may be converted
into middle distillates by the use of a catalytic
hydrotreatment. Middle distillates are boiling in the
kerosene and gasoil region, usually between 80 °C and
300 °C, especially between 100 and 240 °C. The feed for

30 the hydrotreatment is chosen at least the part of the
product whose initial boiling point lies above the
final boiling point of the heaviest middle distillates

desired as end product, although also the complete



as pl dg flow conditions, as well as condition between these two extrenes.
The: hydr ocar bons obtained in the process of the present

invention fyressprci ally paraffinic hydro- carbons, nore

es [ECI/BPY 7507141

saturated unbranched al kanes. Snaller amgunts (i.e. up to 5 percent) of
al kenes or oxygen containi ng al kanes may be obtai ned. The hi gh- 25

boiling part of the paraffinic product nay be converted into mddle
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Qtillates

are boiling inrédhemket osenerdard gasomproeyi oimulisamddysbettteen 80 [err] C
and 300 [err]C, especiall et ween 100 and 240 [err]C The feed for 30
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contacting the fraction to be treated at el evated tenper

ature and pressure

and in the predfehte oithyRYSERIEHR EHOm a@k it - doramR i ne or nore

metal gowi th hydiogenatiora ppdtyidye &M HSs Yorkhinin
are catal ysts containing nickel and or cobalt and in aagd

sHidiadl e gt al ysts

ition nol ybdenum

and/ or tungst®h GRRPLF t2RA ok 2RI BIPdEN U BRNPOEWIASERR  al uni na.
I'n the catal ydigdFedd n&mta'Séaf§i@fGe§1%Heéjs L0 et £ Hatdlystacontaining one

or nore noble netals from1

oup VII1 of the Periodic Table

supported on &umina. In the catalytic treatment it is preferred to

use a catalyst ccntaining one or more noble

metals from

15 Group VIII of the Periodic Table supported on a

carrier. Preference is given to catalysts comprising

platinum or palladium.

The invention will now be illustrated further by

means of the following non limiting Examples.

20 Example 1

Commercially available titania particles (54.97 g,

Degussa, P-25) were spraydried, (dried at 120 °C for
2 hours), calcined at 500 °C for 2 hours, PV 0.59 ml/g)

were impregnated (pore-volume impregnation)

25 with a melt of cobalt and manganese nitrate

at 75 °cC
(57.53 g,

30

made from 55.63 g cobalt nitrate hydrate and 3.82 g
manganese nitrate hydrate). The impregnated titania
carrier was equilibrated (slowly stirred) for 1 hour at
55 °C. After that the impregnated carrier was dried

(2 hours, 150 °C) and calcined (2 hours, 500 °C,
increase 120 °C/h) under an air flow of 150 Nl1/h in a

rotating kiln. Co/Mn molar ratio 12.34.



carrier. Preference is given to catalysts conprising platinumor palladium

The invention wll nom/be illustrated further by neans of the-follow ng non
limting gﬂg ?05 Exanpl e 1 Conmerci al |y avai | abl gotgkbanran
particles 3 g, Degussa P- 25) merqqspraydrled (dried at 120 [err]C

for 2 hours), calcined at 500 [err]C foor 2 hours, PV 0.59 m/g) were

i npregnated_(pore-vqlune inpregnation) at 75 [err]C 25 wth a nelt of
cobalt and %E@&i@&g nitrate (57.53 g, nmade from55.63 g cobalt nitrate

hydrate and 3. 82xgmfmagane§§ Bépéatedhy@lgﬁﬁ<§)25T erifpiegnaied titania
carrier was_equilibrated %3 y stirred) for 1 hour at 55 [err]C. After
that the inmpregRafeleésr r6€\a§ PPyt 3pitrate 22 firg, mamgaRete | C) and

cal cined (2nhedase)908o)BAr h&Laknereaseq 12 [err] G h) under an air flow of
150 NI/ h in_a rotat| Eg kKiln. Co/Mh nolar ratio 12. 34. WD 98/ 25870
a

PCT/ BP97/ 07BEAampig. IEXaAPPRr2LEX8hpl e 1 was repeated, using 25 g titania

and 25.38 ¢ mal Exéx%él@zlgwﬁgbﬁéﬁegté&at@su?c% 28y %W%r\%ﬁi"atr{@t e). Co/M
nolar ratio 9.26 (corrpara ive) Exanple 1 was~repeated,

usi ng 24.9028- ﬂ?tﬁni“ﬁl’én(ﬂz%sggg!gc%ﬁt(12321'-17@‘1@' cobdd tg manganesd. 25 g

nmanganese njifaked) C@émnnygggrrggtpolps Exanpl e 4 (conparative) 10
Exanple 1 was re eated usi ng 25. g tltanla and 25.37 g nelt (22.57 ¢
cobalt nit rﬁmag_lﬂ @Cmgéﬁ‘@séehl trate). Co/Mh nolar ratio 6.25. Exanple

5 (hydrocarbon synthesi $)wde-eoL ¥t SuMEPH£DI Ny VAW 85 dhg 2 3 and 4

25.37 g melt (22.57 g cobalt nitrate, 3.13 g manganese
nitrate). Co/Mn molar ratio 6.25.
Example 5 (hydrocarbon synthesis)
The catalysts prepared in examples 1, 2, 3 and 4
15 were tested in a process for the preparation of
hydrocarbons. Microflow reactors A, B, C and D,
containing 10 g of catalysts 1, 2, 3 and 4
respectively, were heated to a temperature of 260 °C,
and pressurised with a continuous flow of nitrogen and
20 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.
After the reduction, the pressure was increased to
25 26 bar abs. using a mixture of hydrogen and carbon
monoxide at a Hp/CO molar ratio of 1.7:1. The GHSV was
3840 N1/1/h calculated on catalyst volume excluding
interparticular voids.
The reaction temperature was chosen in such a way
30 that the space time yield (STY), expressed as grams
hydrocarbon product per litre catalyst bed per hour,
was the same in all experiments (100 g/l/h). The'C5+

selectivity, expressed as a weight percentage of the
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15 were tested in a process for the preparation of hydrocarbons.
M crofl ow reactors ‘A, B, C and D, containing 10 g of catalysts 1, 2, 3 and
4 respectyygobysswere heated to a tenperature of 260 [err] CPCRFERIPOH4Euri sed -
with a continuous flow of nitrogen andl20 hydr ogen gas. During
reduction, the relative anount of hydrogen in the m xture was gradually
i ncreased ftgm Bydeclca ridf s%r The waken GARBGAR! L&t hoRrbBakBEnQff-gas was
kept bel ow 3000 ppmv. After the reduction, the pressure was I ncreased to 25
26 bar abs. P&eAHGeE  nivesuFe terTRyecoden saghcatbshenbragrtdesanthererr]/ CO
mol ar rati 01@h holrk oF@pEHERYiwas 3840 NI /I/h cal cul ated on catal yst
vol une excludin% interparticular voids. The reaction tenperature was chosen
in such a way 30he resupdss pre Spiceuti ke Febld LSTY), expressed as grans
hydr ocar bon product per litre catal yst bed per hour, was the sane in al
experinments (100 g/l/h). The Cerr]+ selectivity, expressed as a wei ght
per cent age of the WD 98/ 25870 TABLE I
PCT/ EP97/ 07141 -15- Cerr]+ hydrocarbons of the total anpunt of~
hydr ocar bons produced, was determ ned for each of the reactors after 100
hours of op8eattom: The results are set oBt in TabCe 1. TABRE | Reactor:
A B C D Catal yst: 1 2
4 Col Mh rat C8F3LYSEY 15 3 3 9.3 2161 3 6.3 qbrry+
sel ectivityCo/Mu r88i0: 88.4 12.3 84.49.3 8718.1 ([errd 3y

214 21 2 . 229,.5 In a,second c ri son exanpl e
catal ysts méPé FS% 8§Qg%tg GHSV38f010408ﬁrfI/h. ??‘gppeariﬂP?hat out
T (°C) 214 217 220 229

3

5 In a second comparison example catalysts were
tested at a GHSV of 1040 N1l/1/h. It appeared that out
of three catalysts, one containing cobalt and no
manganese, the other two having a Co/Mn molar ratio of
20 respectively 10, the catalyst with the Co/Mn molar

10 ratio of 20 was the most active and showing the highest
Cg+ selectivity. The catalyst used in this comparison
example were made in the same way as catalysts 1 to 4
described above. The catalysts were tested at the same

way as described above, at 200 °C. The results are

15 summarised in Table II.
TABLE II
Reactor: E F G
Catalyst: I II I1T
Co/Mn ratio: -- 20 10
Cg+ selectivity: 89 91 87

STY (g/1/h) 70 100 87



of three catalysts, one containing cobalt and no nanganese, the ot'her £ wo
having a Co/Wn nolar ratio of 20 respectively 10, the catalyst*with the
Co/ M nol gr) i sgsg ratio of 20 was the nost active and shegmepstiraashi ghest
Cerr]+ selectivity. The catal yst used_in this conparison exanple were nade
in the sane way as catalysts 1 to 4 dedéribed above. The catal ysts were
tested at the sane way as descri bed above, at 200 [err]C. The results are

15 summarised in Table Il. TABLE Il Reactor: E F
G Cat al yst: I I 111 Co/Mn rati o: --
20 10 Cferr]+ selectivity.ic 1, n 8% s 91 87 STY
(g/1/h) 70 100 87 WO 98/ 25870

PCT/ EP97/ 07141 - 16 - CL A1l MS 1. A process for the preparation of

hydrocarbons) by £3l,alddd€ @Rt O Db RApLAAYN BERNIES M- bRy giogen in
whi ch reaction a feed conprising hydrogen and carbon nonoxi de i's contacted
at el evat ed eapertatUreeadiol 1 of caphossponopmicde aiddt Ay@sogesnpni sing

cobalt and npNga; NEse idh %ﬁi%&%ﬂﬁﬁgi%%ﬁg%?@fggg%ﬁlg??%%%o lar ratio

is between 14:1 and 7:1 an GHSV'i s at A process
accordi ng t oraiciidel ish eitcirhd a0 elevateghdlempemagaresendati o i s bet ween

et weon 2108588 S 000N [T T B b 2308202600 N 11/ .
4. A processiesprordivwigialo catalyet crhenwobadft /claaigameselBolar re¢i®, in
whi ch the Caj.tsalﬁlesctweceqrp_lrfi Sl p?ozrloLé%dC%rhrei CHsv is at least

1600 N1/1/h.

2. A process according to claim 1 in which the

10 cobalt/manganese ratio is between 13:1 and 9:1.

3. A process according to claim 1 or 2, in which the
GHSV is between 2100 and 25,000 N1/1/h, preferably
between 2700 and 16,000 N1/1/h.

4. A process according to any one or more of claims 1

15 to 3, in which the catalyst comprises a porous carrier,
especially a refractory oxide carrier.

5. A process according te claim 4, in which the
refractory oxide is alumina, zirconia, silica or
titania, especially titania.

20 6. A process according to claim 4 or S, in which the
catalyst is prepared by impregnation of the carrierx
with the catalytically active compounds or the
precursors for the catalytically active compounds,
preferably by pore volume impregnation.

25 7. A process according to any one or more of claims 4
to 6, in which the catalyst comprises 3-60 parts by
weight of cobalt per 100 parts by weight of carrier.

RTE O



especially a refractory oxide carrier. 5. A process according to claim4,
in which the refrractory oxide is alumna, zirconia, silica or titania,
especi al lwotogsgma. 20 6. A process according to cl aPEIEFFOFAL | n
which the catalyst is prepared by inpregnation of the carrier with the
catalytically active conpounds or the precursors for the catalytically
active conpgqunds, .preferabhl .pare v me_i maregnation. 25. 7.
process accgrdiﬁgpgg%gﬁf §ﬁ§°%§1ﬁ§r§0085§|gﬁﬁggﬁ g8r§,°?ncéﬁﬁ@ﬁ }he
cat al yst conpr i7sesn3wbl chartts lieysweipghttt off cakakbbpét 180ipache by wei ght

of carrier. \5.\?.98/ %5%70

PCT/ EP97/ 07 TRF2H17E gF2 eprocess according to any one or nore of clains 1
to 7, in whidch at plreeetsspactoetiinke toohalt ong bk mbeenefaktledémstate. 9. A
process accQrdi,ng.to any,one or. nmore of claing 1 to_8, i ich the
tenpgrature%Pssranhg §Rg§%Fr5ﬁPf?§a38r§7%S[éPrfgﬁaﬁangﬁefﬁpgsga eis

bet ween 5 amd 205bdc abs, taedpireswshireh ishechydeacar haa sgnbhesabspref erably
is carried out, i.n a rry phase reginme. 10. A process according to any one

e e dpePFriereRt

sl
or nore of EP&iAd rYhigh t gdgoca i CHPtRESEFPFF ctfvity is at
| east 85% prekeeablytatinl @astiu8®% phase regime.

10. A process according to any one or more of claims 1
10 to 9, in which the Cg+ selectivity is at least 85%,
preferably at least 88%.
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