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catal yst precursors by netal inpre ; o0 catal yst supports using
various inpregnation techniques is well known to those skilled in the art.
The i npregnated supports so obtained are then usually subjected to drying
and calcination to provide catal yst precursors, and the precursors are then
subj ected to H 'qn ﬂﬁ , finally, a catalyst. 20 EP-A-0 736 326
descri bes co f i na based Fi scherTropsch synthesis
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is limted by the pore volune of the support.
BACKGROUND ART

15 Preparation of catalyst precursors by metal impregnation onto catalyst
supports using various impregnation techniques is well known to those
skilled in the art. The impregnated supports so obtained are then usually
subjected to drying and calcination to provide catalyst precursors, and the
precursors are then subjected to reduction to produce, finally, a catalyst.

20
EP-A-0 736 326 describes cobalt impregnated alumina based Fischer-
Tropsch synthesis catalysts synthesized by means of aqueous slurry
phase impregnation of a cobalt salt, for example cobalt nitrate
hexahydrate, onto an alumina support, coupled with drying of the

25 impregnated support, followed by direct fluidized bed calcination of the
resultant impregnated support, to obtain a catalyst precursor, and then
reducing the precursor to obtain the Fischer-Tropsch synthesis catalysts.
These catalysts contain cobalt dispersed on the support. Higher cobalt
loadings, which result in higher catalyst activities, can be achieved by

30 repeating the cobalt salt impregnation step. However, this has a negative
impact on the total process costs of catalyst fabrication and the time
required to prepare the catalyst. Moreover, the maximum amount of metal



Al ternatively, suitable Fischer-Tropsch catalysts with high cobalt | oadings
5 can be prepared by mulling or kneadi ng alum na (EP-A-0 455 307), silica
(EP- A- 0 5X0 2¢inlin6w» zirconia (EP-A-0 510 772) with a solpabhB20ar/0318%0l ubl e
cobalt source. In that way, a paste can e obtained which is extruded,
dried and calcined in order to obtain a catal yst or catal yst precursor.
Especially in the case of an insoluble cobalt source, such as Co(OH) 2, a 10
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| d | k of h |
cal o ned 2t ulRhaEy il PUBRS AL SR, B L U S oBLP Rt e o”
addi ti onab drcéwct%:brépfar@zuﬂayl r’ﬂglllﬁg d?rl@%éldﬂ@ BRIMiRAYEPLANY S5 Gel7andingd | ng

agents are often needed. ch conpounds gi've rise to an exothernic

co][rbusthl on \lNI(EH R @1@13&%} Obilr@ﬁﬂla &EPn@-O\/@ %W?)ewdihgaaﬁ@'ébboorc@ﬁ@'@lmﬂjﬁ Yet
o ect pi tat ; osoBAT sRUfeoit et falt 8 EHBeL WEEH I Sabe ne

preci pi tati ngriegeand caidisegurnbdiderdepobiairech eataystuppeatalyst peédungra 25
sol ubl e al um_ni um conpound such as.  sodi um al um nate (WO A2006/021754). The
preci pi t at i ofrSpecRlly dpine C@éﬁﬁ%'%@'@'%ﬂom't SQUHE. $UEBIIHCOEPr 18 such as

Ki esel gu ( n?agdé S tes In
such caszg ﬁgrﬁé%)yﬁgpg u edé]ggﬁaell g}m]%gv %oﬁ%apgr%%%s suggest ed
to precipit affiedl ehape) dfrtlaessummmrtt |sadeterm0tmi tduBig thgctrabalysteplsqpmcatm (Appl .
Catal . A Gen. 311 006 4 The di sadvant age recipitatjgn

br 0cesses thﬂoqeéau 2 isltc e metionial SUeiah S50 Znbesoans of Hae

the producti gg W%tsw r8efiRblS AT;*,B Sin ¥fder to obtain mechanically

2012/ 146950PCT, 82011/ 051876 3 necessitates excessive filtration or washing

st eps in the spooparadalysts arascding.toltheael dinoimnmethags, pne extrudstesonanst
necessarjly ure_sufficient e i C cat st r th to avoid down
ot r eam piBb1 bt Gatiich gt dBlat VB oRan: Brab8 R s ThEnBRWhAR B i fo;
hydr ogenat i O%afbﬂiaﬁtlohslémpemr@@' 1RY tHdt Sthiee ed PRt Cherfarhfineet & adveisely gh

| oadi ngs of active catal yst conmponent such as cobalt, obtained by a sinple

preparation gifectess ﬂﬂa@dﬁtlomkdrmhlQfaﬂnHUlngtWoh@e@ﬁl@g dpdpeldogiaiiforts to
be used and tfi mﬂéﬂh@%gt%hsaﬁégﬂéﬁ r{e%giléﬁesseiﬁﬁe &@%8% a

treatments, suc a a base, of 0 ages a8 Yescri bed
above. DI SCLEROREr@ic THdmbOSIONTMIN an exhaust of poIIutlng volatlle organic

20 compounds.

Yet a further alternative method of obtaining high cobalt loadings, is the
precipitation of an insoluble cobalt compound using an excess alkaline
precipitating agent, subsequently deposited on a support by adding a
25 soluble aluminium compound such as sodium aluminate (WO-A-
2006/021754). The precipitation of a cobalt compound at a pH of >8 on a
solid support such as Kieselguhr (WO-A-01/28962) by adding a base, has
also been reported. In such cases, Co(NOs). is often used as a starting
compound that is suggested to precipitated on to the support as a cobalt
30 hydroxide species (Appl. Catal. A: Gen. 311 (2006), 146) . The
disadvantage of precipitation processes that require chemical treatment,
such as addition of a base, is the production of waste such as salts. This



Thus, according to a first aspect of the invention, there is provided a
15process for preparing a catal yst precursor, which process includes
form ng awelzarympewh particles of an insoluble netal conpounB01whEBs® t he
metal of the insoluble netal conpound i an active catal yst conponent, with
particles and/or one or nore bodies of a pre-shaped catal yst support in a
carrier liquid, with the particles of the insoluble netal 20 conpound t hus
bei ng contacted wi s and/ or the one or bodi es of t
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will thus be reciated that, in sonme enbodi nents of the invention, the
treated catal "O'gl'f&b'g?t will not need to be calcined, and thus forns or
constitutgs the catal yst precursor directly. However, in other enbodi nents
300f the inventl on, it will be necessary first to calcine the treated
cat al yst sup s, ithersr drera tneeghfar Aydregepatian y@ata\ms@cumgbldmg \escher-
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di ssol utlon or only very low [evels of |ss utiron in e carrier Tiquid
used. Pref er aldagvantagesdsudedaribgdatmoseant (Ksp at 25C) in the 10 carrier
liquid is below 1.10-8, preferably below 1.10-12. For exanple, the Ksp at
25C of cobalt hydroxide in water is 1,09.10-16,that of nickel hydroxide in
water is 5,478 E5ukbabFafHERPOENGSONNYdroxide is 2,06.10-13 and that of
copper hydroxide Itn water is 2,2.10-2. 15The insol uble nmetal conpound is
pref erabl y ardhuss@caordingrdoad fisal aspecir ef phrefirvertiion, dherenisopudided reor gani ¢
met al sahé.

process for preparing a catalyst precursor, which process includes
forming a slurry of particles of an insoluble metal compound, where
the metal of the insoluble metal compound is an active catalyst
component, with particles and/or one or more bodies of a pre-shaped
catalyst support in a carrier liquid, with the particles of the insoluble metal
20 compound thus being contacted with the particles and/or the one or more
bodies of the pre-shaped catalyst support, thereby to produce a treated
catalyst support; and
removing carrier liquid from the slurry to obtain a dried treated
catalyst support, which either directly constitutes the catalyst precursor, or
25 is optionally calcined to obtain the catalyst precursor.

It will thus be appreciated that, in some embodiments of the invention, the
treated catalyst support will not need to be calcined, and thus forms or
constitutes the catalyst precursor directly. However, in other embodiments
30 of the invention, it will be necessary first to calcine the treated catalyst

support in order to obtain the catalyst precursor.



In this specification, the term"inorganic netal salt" neans a salt in

which at | east one netal atomis only associated with one or nore inorganic

20 groupswowhixiacgesoci ati on i s by nmeans of a bond, for PexarpilepPs518)% means

of a coval ent bond, a netal-to-ligand cdordination or an ionic interaction.

In this specification, the term"slurry"” is understood in terns of its

general nmeaning as being a nultiphase system of solid part I cl es suspended
ui d. , The nmass proportion of '
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of the particles of the insoluble netal oun particles
and/ or the oméeseinnaT evénidaksatafyst bbtamed frbapétﬂa catalybl ptecsiguoist usesly be
carried out far atg@rgod of time, preferably for at least 1 mnute, nore
preferably f &F° Ht2'PEE5t 10 ninutes and even nore preferably for at WO
2012/ 1469§0PCT/ 1B2011/ 051876 5 | east 15 m nutes, and nost preferably for at
| east 20 mi nutes, but fpreferably for not nore than 48 hours, nore
preferably fdn thistspasificatinan tres t@r61F sinseluble matel gerapevngd] 9r figpolvbte nor e

than 20 hour
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ef fecting thefatdrattidregs ab dissolution ombmy v@fry tdwelewe@bub)ubsoluﬁ@ahn trempound
with the particles and/or the one or bodi es t he pre shaped cat al yst

support at aﬁam%\)%Uﬁ@ﬂpeDr&FQfﬁQ|yaH§v$9|li@"tYS@”SEﬁrEf(éﬁsraB yozbbietsoc;
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Ksp at 25°C of cobalt hydroxide in water is 1,09.107°that of nickel
hydroxide in water is 5,47.107', that of manganese hydroxide is 2,06.10"
and that of copper hydroxide in water is 2,2.10%.

15 The insoluble metal compound is preferably an insoluble metal salt, more

preferably an insoluble inorganic metal salt.

In this specification, the term “inorganic metal salt” means a salt in which

at least one metal atom is only associated with one or more inorganic
20 groups, which association is by means of a bond, for example, by means

of a covalent bond, a metal-to-ligand coordination or an ionic interaction.

In this specification, the term “slurry” is understood in terms of its general
meaning as being a multiphase system of solid particles suspended in a

25 carrier liquid. The mass proportion of carrier liquid to dry mass of solids,
ie. insoluble metal compound particles plus catalyst support
particles/bodies, may be at least 1:1, typically about 2:1 .

The contacting of the particles of the insoluble metal compound with the
30 particles and/or the one or more bodies of the pre-shaped catalyst support
may be carried out for a period of time, preferably for at least 1 minute,
more preferably for at least 10 minutes and even more preferably for at



The process may include contacting the pre-shaped catal yst support and/or
the treated catal yst support and/or the dried treated catal yst 15 support
and/ or thwocalxisesd treated catal yst support, at |east @®ozaBwil/hsiazésol ubl e
nmet al compound. The netal of the sol ubl & netal conpound rmay al so be an
active catal yst conponent. The sol uble netal conpound may, in particular,
be a soluble netal salt. 20 A "soluble netal conpound” or "sol uble rret al
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The sol ubke mBhRhes&dd., when used, may thus be contacted at | east once 30
with the particles of the insoluble inorganic netal salt and/or with the
preshaped catal yst support particles. Thus, it may formpart of the slurry,
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particles, with the soluble netal salt, 'Igh h a solution of the sol uble
metal salt. 20 be an active catalyst component e soluble metal compound may,

is

in particular, be a soluble metal salt.

20 A "soluble metal compound" or "soluble metal salt" is a metal compound or
salt respectively which is not an insoluble metal compound or salt.
Preferably, the soluble metal compound/salt has a solubility, in the liquid it
is in use to be dissolved in, of above 25g/100ml liquid, preferably above
100g/100ml liquid, at 25°C. For example, the solubility of cobalt nitrate in

25 water is 133,89/100ml, that of nickel nitrate in water is 238,5g/100ml, that
of copper nitrate in water is 243,7g/100ml and that of manganese nitrate is
426,4g/100ml, all at 25°C.

The soluble metal salt, when used, may thus be contacted at least once
30 with the particles of the insoluble inorganic metal salt and/or with the
preshaped catalyst support particles. Thus, it may form part of the slurry,
i.e. it may be dissolved in the carrier liquid. Instead, however, the treated



More particularly, the slurry may be forned by first form ng a suspension
of the insoluble inorganic netal salt particles in the carrier liquid and

t hen addiw@ 20tesi4prseshaped cat al yst support particl es angConBmodbas7d o t he
suspension, to formthe slurry. 25 Prefd& ably particles of the insoluble
inorganic netal salt are added to the carrier liquid to forma suspensi on.
The pre-shaped cat al yst support may be added to the carrier liquid prior to

and/ or durin d/ or subse ue the formatjon of sus nS| o to form
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consi sting ofo®ti®aps Ib, lib, Vb, Vb, VIIb and VIIl of the Periodic Table
of Elenments. More preferably, they are selected fromcobalt, nickel,

rut heni um manganese, iron, copper, zinc, nolybdenum a precious netal, and
conbi nat i ons Tole formation nafr et ﬂarryqfnaycinblablta addindehe ansblablepeietalr salt
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be an inorganic 25 netal salt and/or an organic netal salt. Conbinations
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20
More particularly, the slurry may be formed by first forming a suspension
of the insoluble inorganic metal salt particles in the carrier liquid and then
adding the preshaped catalyst support particles and/or bodies to the
suspension, to form the slurry.

25

Preferably particles of the insoluble inorganic metal salt are added to the
carrier liquid to form a suspension. The pre-shaped catalyst support may
be added to the carrier liquid prior to and/or during and/or subsequent to
the formation of the suspension, to form the slurry. It will thus be

30 appreciated that the insoluble inorganic metal salt particles do not form in
situ; the suspension is formed by admixing pre-existing insoluble inorganic
metal salt particles with the carrier liquid.



metal -to-ligand coordination or an ionic interaction. Preferably, the netal
WO 2012/ 146950PCT/ 1B2011/ 051876 8 atomis associated with at | east one

non- car bomoaporm46450t he at | east one organi ¢ group, in p&criBuianseide h an
oxygen atom of the organic group. The orfgani c nmetal conpound may al so

i ncl ude one or nore inorganic groups bound to the netal. Preferably, the
one or nore inorganic groups are 5cationic groups. \WWen a soluble inorganic

metal salt i used t in principle, be any sol ubl e or ani c
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source of onor@moo@meteatainolneorhbmoﬂenordw%rmnmoﬁé trﬁéreof nwnialtpnicktahe
counterion source may be ammoni a. 25 The organic cobalt salt can be forned
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carboxylic acCid such as an~acetic acl succinic
aci d ( C4H604pased atatalysic peecuGiR 0dpbalb e prefeeatilyl used in combination with
(C2H402), ¢l uconlr caci d( C6H1207) or EDTA, i . e. et hyl enedi am netetraacetic acid.
Pref erably, organic acidis citric acid.

The insoluble inorganic metal salt may, at least in principle, be any
15 insoluble inorganic metal salt; however metal carbonate salts and, in
particular, metal hydroxide salts, are preferred. The metal of the insoluble
inorganic metal salt is preferably selected from the group consisting in
cobalt, copper, nickel, manganese, or combinations of two or more
thereof. When the metal in the insoluble inorganic metal salt is cobalt,
20 cobalt hydroxide, cobalt carbonate, and, in particular, Co(OH),, are

preferred.

The soluble metal salt is thus preferably such that its metal is also an
active catalyst component. The soluble metal salt may be an inorganic
25 metal salt and/or an organic metal salt. Combinations of different soluble
metal salts, for example salts of different metals or salts with different

organic or inorganic anions can be used.

In this specification, the term “organic metal salt” means a compound
30 wherein at least one metal atom is associated with at least one organic
group by means of a bond, for example, by means of a covalent bond, a
metal-to-ligand coordination or an ionic interaction. Preferably, the metal



WO 2012/ 146950PCT/ 1B2011/ 051876 9 In the organic cobalt salt solution, the
nolar ratio of cobalt to organic acid can vary wdely, e.g. from0.1:1 to
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acid wll normally be in the range of 08:1 to 2:1, typically about 1:1. 5
In preferred enbodi nents of the invention, the organic cobalt salt may be
cobalt ammoniumcitrate or cobalt anmoni um EDTA. | nstead, the organic
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the total prOPHPLAP Thesdletal e PEFSTRRIL TAS) OR 9RO (RSSERGGT RS 8% al yst
precursors i catiohidgréngt ed 20 catal yst support, to further treatment by

forming a slurry of particles of the treated catal yst support, particles of
an insoluble netal salt and a carrier liquid, renmoving carrier liquid from

ot ai ned. o A PP AEE rihn B FRPL Bl Ko i RBL AIBRMGR sRBBRIE A . o

the inventi oangsollgse indrgadnioenetanggit., particles of the pre-shaped catal yst
support are used. However, it is to be appreciated that, in other
enbodi nents of the invention, the sane principles can be applied to bodies

of the pg- S*ﬁfﬂ?ﬂlecastoﬁit}fét &'ﬁp%{ts RelRed nitkdtas, %@FBfés”eé}ﬂoﬁcﬁeé Nehd
invention, the Tormation of the slurry nay conprise suspending the
i nsol ubl e nmetaatmoviupo citht@srpretdrablyi mtrates, @aetates ahdoamohanaurh aritnates.

zgig/egzgggbpﬁglad ilg%oé%gggl%fei (r:r!e?asl sorfllt tlsh%rgfrelga_bﬁy %%Feocl:temom a group
consisting in cobalt, copper, nickel, manganese, or combinations of two or
more thereof. When a soluble inorganic metal salt is used, and its metal is

15  cobalt, Co(NOs),.6H,0, is preferred.

When a soluble organic cobalt salt is used, it may be that obtained by
reacting a cobalt compound such as cobalt hydroxide or cobalt nitrate,
with an organic acid, optionally in the presence of at least one counterion
20 source. The cobalt compound is then preferably a cobalt basic compound.
The counterion source, when present, is preferably an inorganic source,
and preferably it is a source of one or more cations In one embodiment of

the invention, the counterion source may be ammonia.

25 The organic cobalt salt can be formed in situ. Thus, the cobalt compound,
e.g. cobalt hydroxide, can be dissolved in a solution of the organic acid in

water.

The organic acid may be a carboxylic acid such as an acetic acid, citric
30 acid (CeHsOy7), succinic acid (C4HgO4), oxalic acid (CoH2.04), acetic acid
(C2H402), gluconic acid (CeH1207) or EDTA, ie.
ethylenediaminetetraacetic acid. Preferably, the organic acid is citric acid.



10 catal yst support to the carrier liquid prior to and/or during and/or
subsequent to the formation of the suspension, to formthe slurry, with the
active cavealzysfi46onponent, i.e. the netal of the insol ulpCememiabsiswnpound,
bei ng deposited on the support particle® Preferably, no soluble netal 5
conpound is included in the slurry. Preferably, the deposition may be by
nmeans of chem sorption, preferably at a neutral to slightly acidic pH

val ue, typically in the ra ect o hem sor. tlo in

Uhi 5 br ovbss T e hauc sabah Sal saliigs. fie pTaraelie o Rbel dxbarTBREd s ( hus
characterize 0 i f t

wi shing to bgahgﬁq§WdéI?%g nﬂr(yrlntc@:EF:il %gﬁ@gvggoxzvﬁxﬁ Iﬁﬁ%gc%%eﬂrﬁ?ggﬁ;tl on,
deposi tion omeiamat@cm‘lcmbaft to loegaic iaci willtrarystly benpdhenangsot Be: stgpport is
achi eved by ?h1e for t| on tof a chem cal bond between the support and the
nol ecul e. VWPR %"érﬁ ﬂg to be bound by theory, 15 it is believed

t hat thi S5Chem cal bond is nost likely the result of a condensation
reaction. In a second enbodi ment of the invention, the formation of the
slurry may comprefeared gipeediments pétherkyeohior thetipasieraahaidsabamey dees in
the carrier [ - ding the particles of

t he pre-shap@gb@ laﬂﬁhgmb% '%%&%ﬁﬁg@%'%’ﬂ%ﬁ& d prior to and/or
during and/ or subsequent to the fornmation of the suspension, to formthe

slurry, with the netal of the insoluble nmetal conpound bei ng deposited on
t he suppor't ﬂﬁﬁt??@l fe opgattie reabell $At (E‘F%@Oﬂ}ﬁtlctma'”ﬁﬁdbl‘ KeacioRl a

enbodi ne nb of gb?ﬁcgﬁ]tph uHH%%H Qébtglléﬁtéfb% Hl?ﬁg’ dr| eafter t he renoval of

carrier I I qui rom l'urr acti né d treated catal yst
support with the sol ubl e met aI conpound by treating the dried treated
catal yst support at least o eW|th uti of, the sol ubl e

comound 1 n 1Y @ PRTEH R QTP aMAN Y AR SONHIS IRYISRBIG BISR n AR E orrpound
bei ng deposi ro%qohén;ﬂ%%we %téh%lﬁ H%ggéé u§9d %rthbﬁtrfésﬁes@!tgﬁ@éﬁ@hm Bv

i mpregnation. Preferably no sol uble t npound 1s 1 ncluded in

slurry. Ther @ctige metdl ngompenénir rin r@ODOrttOIme t@l htmer ﬁuandrtM| (tfrretclrajelyst

constitutes a first precess ste positi®on of. a

2012/ 146880perraiisen ¥ BETERS" 2 A SPARSS #nnaiethk Bahyar o0 eBtdhent on
the support paadd 9, efostbreferdBROSEtWceR mhna%mmd@%%ﬁedmrﬂhémtl on as
her ei nbef ore described in respect of the first enbodi nent of the invention.
However, in he@Irsaipda@ssent of the invention, the treated catal yst support
particles thus 5 obtained are then, and with or without calcination

t hereof, subjected to further treatnment by contacting themat |east once,

in a further Tmreaneeesﬂrmy mW’udé sabmhug ithoan cafalyish @reqlredd, éenehakreatdd in a
carrier Liquid wth the net of the soluble nmetal salt .thus al sp being an

active cébal &@ﬁalﬁr%’@ﬁ@ﬁt t%ﬂﬂthﬂﬁéﬁtrﬁef‘h@ RTINS G¥ Slupy of peniries Rt sal t
| mpr egnat es %t%atéd‘%afar)%‘?ts%ﬁpéf‘{p Qftlcid¥ebt hﬁ'lﬁ%luﬁ)l@%@@f saﬁdéﬂcﬂﬁ &rigcond

portion of the active neta onent . e | npregnated em sor bed
support is t gnid;atmbniag,carer tidwed cframalthesslupnyeandsoptlmriaélyebalcmﬁngatmaed. Thi s

d_enbodiyrent. of L t thereby 15 that
The. ohem sor SEBHT Ehaled RaF B8 PEned B Riig N Rp AR SRRy the

sequence of netal chem sorption first with the |nsol uble netal salt, and

thereafter inpregnation with the soluble netal salt.
25 In specific embodiments of the invention as described hereunder, particles

of the pre-shaped catalyst support are used. However, it is to be
appreciated that, in other embodiments of the invention, the same

principles can be applied to bodies of the pre-shaped catalyst support.

30 In a first embodiment of the invention, the formation of the slurry may
comprise suspending the insoluble metal compound particles in the carrier
liquid to form a suspension, and adding the particles of the pre-shaped



In a third enbodi nent of the invention, the formation of the slurry may 20
conprise formng a solution of the soluble nmetal conpound in the carrier

l'i quid, sweperxi4ngot he i nsol ubl e i norganic metal conpoumdTaBIo1L/0318% in the
carrier liquid to forma suspension, antiadding the particles of the
pre-shaped catal yst support to the carrier liquid prior to and/or during
and/ or subsequent to the formation of the suspension, to forma slurry,

with the 25 netal of the insoluble netal oun osited on the
SUppor t - part PEIRSt SHEPSH abT y(By CEHER S6HE IERT i 7280 cToraE) AHOF he
sol ubl e met a'suBQ@Wﬂ% it§e A5HRAstIohesk th@ s%%?éﬁéloﬁntotﬂ&?mst%%&y RAH td es.

preferably by 1 npregnation. The netal he sol ubl'e metal salt is then
al so an act i aetivacalajyst coompoorehti.e. The reetal vbthnﬂmsolublerrpetaénompgundus in

t he same 30 ocess st deposi t ed ch and is, als

npr oanat od JECG BREOF b OFn e Bt ReEL By e EPMA i SOLEIE agab uppor ¢
whi ch is shegoffidtindad ih€u@dd # fhe Blergat BterstabRy, @6edepbsitioMbhay be by

2012/ 146950PCT/ 1B2011/ 051876 12 This third enbodi ment of the invention is

thus char act eneansdot ghareisprRtieat Preferabhest acepirebio sliantymsicigikt V@Ihealr e
or eanat oo SR Geon bl G0 1HE RREFoRARTREPAR PSHRRES T L ove

prior to theigadxpresdddomyt faerdaehgeThuspH tweguer efféiis esmbadinent ol deposi ting
the netal of the insoluble nmetal salt on the pre-shaped catal yst support is
by chemi sor peharactenzedsnerely bat QO'V@%%?O@F'OB@SEW@HQ the netal of the
sol ubl e ggtal conpound on the pre-shaped catalyst support is by

i npregnation. Surprisingly, it was found that with a process according to
the i nventi oWidnaltwhiistingr tef dreatidopndndlyudesoryt it éasbelevedc tieati sdurptg on and

one 15 regnation ste a_high neta e. cobalt, di rsion is, usuall
bt ai ned. and CUBTIREPUSHeO4RARIOTEOAghotesu s aorespataBG COEBRaRT: nay be
achi eved, usugal{hg é/ﬂﬁd@)rta@ é&ﬁé\%‘%ﬁ%? tﬁ@-tfé‘ﬂrﬁféﬂorﬁéf !a‘@hTeré&”&%cFQefv%érhe

standard manner of preparing such catalysts depositing only iInorganic netal
salts, e.g. ithesgapodrt andiiaé malatuls. lévsmwatheufo\MShmgrt@gmbowm byltkeqry20t he

PRl R P R o A
and/or into tcbﬁdgﬁgailoy]s@agymort

In a second embodiment of the invention, the formation of the slurry may
comprise suspending the insoluble metal compound particles in the carrier
20 liquid to form a suspension, and adding the particles of the pre-shaped
catalyst support to the carrier liquid prior to and/or during and/or
subsequent to the formation of the suspension, to form the slurry, with the
metal of the insoluble metal compound being deposited on the support
particles, preferably by chemisorption; and the second embodiment of the
25 invention further including, after the removal of carrier liquid from the
slurry, contacting the dried treated catalyst support with the soluble metal
compound by treating the dried treated catalyst support at least once with
a solution of the soluble metal compound in a carrier liquid, with the metal
of the soluble metal compound being deposited in and/or on the support
30 particles, preferably by impregnation. Preferably no soluble metal
compound is included in the slurry. There is, during the forming of the
slurry and which thus constitutes a first process step, deposition of a first



particles by pretreating the catal yst support particles before the slurry
is 25 formed or, preferably, by adding the pronoter, or a precursor

t her eof , wo 20tes146950r ry. When present, the pronoter is prefrapablgsieme t hat

i s capable of enhancing the reducibilitylof the active catal yst conponent.
The pronoter may be introduced as a pronoter precursor or conpound which is
a conpound of a netal selected fromthe group consisting of palladium(Pd),
30 platinu Pt rut henj um ),. rhenium (Re), and,a m xture
of one or Ipé’ i‘%ﬂe%&” apﬁ\@ 8%%%} CQRRCNE B étﬂec%ﬁﬂ%ﬂtnegrt@?eén ﬂ-ﬁbsr gani ¢
or Oy gani ¢ SkbosiemBy Bkt Ridars! of &e“fﬁiSHFﬂt%n‘é‘s“@Fé?ﬁbefBF&El@é&*Pc}éﬁ VO
2012/ 146950PCT. 182011/ 1876 13 the pronbter Is an acetate, acet

acet onat e, niin rraspedr ohithe disstl arrﬂqoejtreenth'é thesusvmtmorthiowemer tlhethliﬁat al of

t he pronoter t ctive nponent elnt ratio.of 1:5 to
170000, The CHATHREh &1 (RETGT oRe thaeted By s Pebliet s |

pal | adi ungor optahed ik thent %ﬂdat\mth\/cﬁ witeampeaenatiorttAbrdo?s Bajealddytocobal t)
mass may be in the ratio of 1:300 to 1:3000. The mass proportion of the

metal of theftpfuﬂaﬁroltreatrr(erﬁew gaptackng Heemcel (rast amsendne fusther reepsci al | y
bal t 0 d
Chue be any. ST B o'sollft i fe Moty it safIn, 4 ARG Wiy ML g ot

course that tietal nfothebl solitsler gastalc sat &hu§edlsolbemgsehuab&vé rbattalysHovvever
it is preferably water. In this specifjcation, the term" Pre shaped

catal yst supﬁemponﬁeaﬁgdt\Maeredméhqmtﬁbeétftﬁ Sohble melpysal dupReneles
determ neg bynd e84 & pBHfHés L’tﬁ,{%f@tﬁ[‘%r‘rﬁm@%e’&ﬁn&ﬁ?&ﬂ&h 36# thd he sane

during the catalyst pre rso prepara pr ocess
transforned actiad tneetad cdompongnt. he'l'heatr‘aﬂ)ry&ghamcbeud menmserpbmdas;wmsorpmcess

In particular, there i s thus no of he cat st, s ort after it
haspbeeln gonlt@‘:'cri Eeﬂcwelphaf‘ gh? ﬁ%@lﬁgg By ¢ Qf%béll‘?&a%?ﬁe glrog shaped !

catal yst support may be porous. It may be selected fromthe group
consisting in a nonolith, structured packings, tablets, shaped artefacts,
ext rudat es, dpliresesondrensodimeat iodribe ohventiorois thisecharactssfzed! thepgbyot her

wor ds, re-sha ed catalyst s is in.the fo f _one,or nore
v ds: VRN 48 B SRRS R AN TR, Kok Pl B, e,
support is i Behhend®oMrRétaP@hbhfidd?ptior h@stp@rthltﬁéaﬁsélawlebmewsmt UgirRedl

packi ngs, tablets, shaped artefacts, extrudates, spheres, or conbi nati ons

of two or moikerepitensaregrpipyvith thpselublametalsalhaped 30cat al yst support
particles are preferred; they may have an average particle size of 50-150
m croneters. WD 2012/ 146950PCT/ 1B2011/ 051876

In a third embodiment of the invention, the formation of the slurry may

20 comprise forming a solution of the soluble metal compound in the carrier
liquid, suspending the insoluble inorganic metal compound particles in the
carrier liquid to form a suspension, and adding the particles of the pre-
shaped catalyst support to the carrier liquid prior to and/or during and/or
subsequent to the formation of the suspension, to form a slurry, with the

25 metal of the insoluble metal compound being deposited on the support
particles, preferably by chemisorption, while the metal of the soluble metal
compound is deposited in and/or on the support particles, preferably by
impregnation. The metal of the soluble metal salt is then also an active
catalyst component. The active metal component is thus, in the same

30 process step, deposited by chemisorption and is also impregnated onto
and into the support to form the treated catalyst support, which is then
calcined to obtain the catalyst precursor.



14 Optionally, the support used in the slurry may have undergone, as a
pretreatnment, a chem cal nodification. By such a chemcal nodification is
under st oosiotzhet14695@ support could be pretreated by (i) pernp2aoeiiess with
anot her chem cal inorganic material such2as, wthout being restrictive, 5
silica, alumna, zeolitic, or zirconia coating, or (ii) being inpregnated
with an organic material, which facilitates the netal dispersion or (iii)
bei ng i npreg th a rret ani c  mat sui t abl r,use in
D oL o i L S 2 APy Bl
aci ds, sugar I rabl y, t he

det ergents 1%hé’§p§#1%§fﬁ %ﬁ?@a%l\/é q‘?%ilgﬁtazegﬁlrrfﬁ)égﬂﬁm@tgggbﬁﬂﬂFJIPI ;h i ncl ude
sone al kal i, tasamegirkaess stepre earth netal or transition netals, and can
be i rrpregnat ed to alter specifically the acido-basicity properties of the
support and the final catalyst. Further, inpregnations with nol bydates or
tungstates, ¢gereadlthetif®regtated s@ﬁb@ﬂ'@@ulbjﬁo’éedf% o ledst . paredl crier be
carried out. 15 Opfionally, such additional inpregnations with nmetal salts
can instead figKig remavel priot teehecalgirationathgreat support particles, before or
after calcination thereof. The preshaped or preforned catal yst support
particles may preferably 20 have an average pore di aneter between 8 and 50

nanoneters, This, meebmfeﬂ@édrmtnmmf dsposhihgltherastairef eties insbiebls umgtalr t  por e
vol ume may be bet ween 0.1 and 1ml/ g cat al st sggport r ef erabl between

0.3 and 0. oAl QPuie BrershaRssLFatalyhaURest iy EhcaUsssBien gy Aretex
particul ghe SiHMUlor oy 8&% khy n‘f\ét!ag ey @%Eé%rﬁh?uﬁd o thE sd?st ween 1

and 500 m crorreters pre erabl croneter still
nore parti culsaapgdbeta]ﬂrsupﬁoﬂnsibymﬁpmgnadlmt ers. The shaping of a
preformed support with particle sizes between 1 and 500 m croneter can be
done by nmeans of spray-drying. After spray-drying this shaped support can

be cal ci ned. g3f ruéf\%@o%%&é@@&&?ﬂét%ﬁ@@@b%&%@ﬁa&:‘ér&h act?}'tﬁe AVEREIH 2,

magneS| a, zinc OXI de, activated carbon, nolecular sieves, In particular
zeolites, and@ndi xthiehesprefereblybiimeludiemsatt heastobne PCb@@lSBDbFDthFt RN upsort i s

sel ected, fromthe LOUR., cons f a n the f.orma nor e
2 um nt ut? oxiraeor BB EhEhatelie Sy AT dihersha S iSkaly SPETRLI TS v
in the form ghdoge tes swwie tihe!Manhighn @su#@smTr’ﬁetawnefgar dBYaR, Fhayrigy um

oxi des may be selected fromthe group includin erably consi Stl ng of)

gama al umi n&chigyeta uglally naith tafedrcrapsed rﬁﬂ’@Mﬂt QCHYIFM geapgred e B1e nore

al i na, del 5 B RAR S Rrb e SgpnoEoraflsf BeBPhfing JSHIP el 0

al um na. The nadtahtalts)re.gxiiderganicatbylsalt salm@@ytmearys be mbeagrmlnbai nalkbe under
t he trademark Pur al ox, preferabl Pural ox SCCa fr SASOL. Ger many, GrbH
Pur al ox 5¢Ca ¢ P%F&?ﬁr%‘)t ﬁg%erg@naqmmdie&faé@lm m?ﬁﬁﬁ'@ﬁ@&é@é{&@ﬂﬁ'ﬂ tion

consi sting of RBAndel ta al um ni um oxide or Al 4505 from
BASF Cer many %@Bg’&ugsﬁ%S s 15 o%t algnabl e as powders and shaped, for

i nstance as Al14505 T118, as tablets. The alum niumoxide is preferably a

talli d which bed by . the f Al 203. 0 wh
AN Y R e S ATt R il

but i ncludes particles by pretreating the catalyst support particles before the slurry is
25 formed or, preferably, by adding the promoter, or a precursor thereof, to

the slurry. When present, the promoter is preferably one that is capable of

enhancing the reducibility of the active catalyst component. The promoter

may be introduced as a promoter precursor or compound which is a

compound of a metal selected from the group consisting of palladium (Pd),

30 platinum (Pt), ruthenium (Ru), rhenium (Re), Rhodium (Rh) and a mixture

of one or more thereof. Preferably, the promoter compound is an

inorganic or organic salt, and, preferably it is soluble in water. Preferably



conpounds such as gamma, delta and theta alum na. Preferably, the catal yst
support includes one or nore nodi fying conponents. This is particularly the
case wherwothe/sogport basis, that is 25 the support ePcruB2myoiBz

nodi fyi ng conponent, is soluble in a net8ral and/or an acidic aqueous
solution, or where the support basis is susceptible to hydrothermal attack
as descri bed bel ow The nodi fyi ng corrponent may conprise a conponent

that results in one 30. or of t efo |)derea th

1 oS0l uri on’ S PHARIET & A BeerB A el A RO Bo B ra s R B ate. Ve

2012/ 146950P], Qng §Fﬁhe1|§1e€él'&ftﬁﬁlﬁb%l%%é‘rsthbh&tl%é drtint imetapf the
catal yst support to hydrothermal attack (especi al during Fischer-Tropsch

synt hesi s); (ags) matycbeaasm;a tato® pbi toonur@@oaf Tihe nmsapnyzpprtmmpbthe
5(iv)increases t /or atlb on and/ or ﬁbr a?s]l on, resistance of

Dhe har sl vas tRetbl of the TR oBE HeShedtil paldduRl & PRl AR 8 rECAE N

nodi f yi ng5cogpaipptent atdtargepetiagy ¢obasw) M’%’s@ﬁn@i behg thatratiy of 15301]3&ft in an
aqueous 10 environnment, i.e. increases the inertness of the catalyst

support t onarld@0Qf). sE massrorpRorieN]ike (retahef themiemotel{Mietiuml ipiesses t he

dur i ng. Fi schePie shEERRE)RkaY, @UB&TAly tobaht M Pl tle BrhEReia g e La

an aqueous a¢pd:300.uti on and/ or an aqueous neutral solution, 15 especially
such an environnment encountered during an aqueous phase inpregnation
catal yst preparation step. Hydrothermal attack can cause the sintering of

the catahyst p, i ons
or break %p (-)rﬂé ﬁé}ﬁggt gﬁb %ggﬁplgc@eg%?ruﬁ%%@(gﬁocar e(??iqécm ggll?ltsjléqI
especi al | y Finsethesalty pp)sndedsymﬁtdmesses,thatukhet msoluble inorganic metal salt is

insoluble in it. However, it is preferably water.

In this specification, the term “pre-shaped catalyst support” means that the
15 shape of the catalyst support is determined by the catalyst support used

and it remains essentially the same during the catalyst precursor

preparation process, i.e. it is not transformed or altered during the catalyst

precursor preparation process. In particular, there is thus no shaping of

the catalyst support after it has been contacted with the insoluble metal
20 salt.

The pre-shaped catalyst support may be porous. It may be selected from
the group consisting in a monolith, structured packings, tablets, shaped
artefacts, extrudates, spheres, or combinations of two or more thereof. In

25 other words, when the pre-shaped catalyst support is in the form of one or
more bodies, the bodies may be monoliths; however, when the pre-
shaped catalyst support is in the form of particles, the particles may be
structured packings, tablets, shaped artefacts, extrudates, spheres, or
combinations of two or more of these. However, spherical pre-shaped

30 catalyst support particles are preferred; they may have an average particle

size of 50-150 micrometers.



20 exposure to high tenperature and water. The nodifying conponent is
typically present in an anount that results in a level thereof in the

cat al yst wopprisewh at | east 0. 06 atons per square nanoReTaB20126518Te

nodi fyi ng conponent may be sel ected frotdthe group consisting of Si, Zr,
Co, Ti, Cu, Zn, M, Ba, Ni, Na, K Ca, Sn, C, Fe, Li, Ti, Sr, Ga, Sb, V,
H, Th, Ce, Ge, U Nb, Ta, W La and m xtures of thereof. 30 The nodifying

conmponent ma nore particularly, be selected fromthe group consisting of
&P ™ EptRilly DTS 1shbbat. diec i BraSIHiTY: Mt Ve DRI Soneal 25 Fhl vt he
nodi fying co mdrs, 8 ehesiet nMeamdtdd. aBPY8ch Whemical modification i

2012/ 146950Pn L EB0 T oE SRS T modifikatien, By plich eihonycal madification is

enbodi nent ofundrestood émtitba supponodiobid heg pretmpatedry (is bsing d¥adad twith

nmodi fyi ng conpopent is Si, .the silicon.level in the resultant 5. catalyst
support s | AR ERngURTEICal Melfanico Maois! S et ot A PR PSTHAAP: of ¢ he
cat al yst suppgich; aRinsihar a8bliticaor Iz&eshialedating! Oat(ﬁbnﬁeiﬁgg Redangiret er of

t he catal yst support, and nore preferably at |east O. i atonms per square

nanonet er  of anhergemicmaerialupyueh fadiitates demnstal dispersiper of éiipbeing 2. 8 Si

Support may EPRSRE) K SHRRA salr, ORRER kg R BB TSI L om
Sasol Ger manwideip Hnasantidithée nigeld ednae #elddet saold rAatrienis ais %rganiclatidsanot her

enbodi ment of the invention, the catalyst support is in the formof one or
nore al umi ni SHOB5S AeIUGH" aCNQhoIS POMRYE PT datesdents nPieieraRlydBeHieroeNEy ef err ed

over SUPRAY t SreHeR iaicS GRS litddaigh usd ACG) ifcllde SBHeHRG) [ty  hese
supports provide a nuch nbre attrition resistant catalyst. e ‘cat al yst
support in tlakdipraneokadnemetal ravrtearadition metaispyandesarobeainspriegoate2iOtmdi fi ed

al um ni um oxi de may al jnclude La, It is believed that La inpraqve
Btirition rediter SREENcAy ke an SRR SGRIPRER eSS DRe HRpErenome (ReT
catal yst supRgidlydts FUMHACilteghiorRRite By Gatb Wiitiihdsth@s! 88seQaiIna Silica
nodi fied al um ni'um oxi de may
the use of ammonium para-molybdate, can also be carried out.
15  Optionally, such additional impregnations with metal salts can instead take
place on the treated catalyst support particles, before or after calcination

thereof.

The preshaped or preformed catalyst support particles may preferably
20 have an average pore diameter between 8 and 50 nanometers, more
preferably between 10 and 15 nanometers. The support pore volume may
be between 0.1 and 1ml/g catalyst support, preferably between 0.3 and
0.9ml/g catalyst support. The pre-shaped support may be a particulate
support, preferably with an average particle size of between 1 and 500
25 micrometers, preferably between 10 and 250 micrometers, still more
particularly between 45 and 200 micrometers. The shaping of a pre-
formed support with particle sizes between 1 and 500 micrometer can be
done by means of spray-drying. After spray-drying this shaped support
can be calcined.
30
The pre-shaped catalyst support may be selected from the group

consisting of alumina in the form of one or more aluminium oxides, silica,



25 include titanium preferably in an anount, expressed as el enental
titanium of at |east 500 ppm by wei ght, preferably from about 1000 ppmto
about 20080pprvidy9seei ght. It is believed that the additipom/IBiolt/m&816 t ani um
to the catal yst support increases the atbivity of a catalyst forned,
especially in the case of a cobalt FT catalyst, particularly when no noble
30 net al prom)ters and preferably no Re or Ta prom)ters are present in the

cat al yst. }ﬂﬁrabl the titaniumis jnclu qint he internal structure of
t he support 'ap?f BB BNYINGRIA 170G AKX (e ?§t"fﬁ ed CRFOAY '“80'885'8§§teV8ﬁ t he
support. ?é&(cﬂ:f’a@%%l’@y éﬁﬁ%%(u@ééé?éoﬁa%udéno@ tt@@#eb?VPPefbhﬁél¥

presence of th s titaniumin the support also Inproves the attrition

resi stance ofsuppodiabglecteghirem thedrouesossistngiotalpipona in Slenfopet ofeaoret her
enbodi ment of the inyention, the catal yst UﬁJgort maé lg/e tbn t he frgrm of
porous parti & 8% Ué’ﬂ'n\MthO)%%?%o afiF AN PYIET nal YRIGAINHHBE HHRROTHS ¢ he
i nventiong tRgrApEoRSthRabkhdiesndTBY mdrevE@MRliniuREokities. OfheSsHRE Gt rhidFdon
coating. 10 The catal yst support may be nodified by introduci ng a nodifying

conponent pr @MMEBM AHIEEs Miy b@eselacieddireyi g evsomshtding (arelerabbed

her ei nabove t al val of
the carrier %%g'sgﬁgpgrﬁ%rﬁ I?‘Hrr éan(@tta %@ﬁﬁ@é@ tgu Jegh%a{‘ﬂe E@tpf?”oy to
dryi ng and/ oiof ftivMot bRtmore. th&resr. dBrefegably mépbﬁ)iﬂﬂmdhd’ésngorb)prbmbly
treatnment, i.e. at elevated tenperature, is preferred. The chem sorption

as herei nbef 6PRSBIES Of | GAAMEs Adhb2erdelel SBPasPOR 9 My AHGHEMAI ng a
t
slurry mge. ‘éﬁhrﬁl quﬁﬁj oy %lﬂfmﬁg Sﬂﬁagglufmﬁlﬂ% bié%e?codtélgé‘ﬂ_ é{%pt‘?)erﬂrﬁm%&%" c sa

in the carrie erab urry I's aqueo
chem sor pt i othatt habtamabieni ugderar’meertrdademam nﬁyrshex r epreferdblyy IEImm’Img at

i1 ratton. S5 R ERTDSAGAL. CBRSEY yoRpHiur PHEIPheG o CGRBTIH) oy be
carried out %P?é‘)fdﬁ@d‘gll}nhlﬂfb?n Bkideduph o?tﬁ%n%@tl%g'cﬁa(ﬂn%u%l‘g“erﬁﬁ]aoérﬂﬁm c)

metal salt w not readily deconpose. Preferably, the drying step is
carried out aﬂteltalawelrmmwmepr&éﬁaﬁlfmmﬁﬁﬁﬁﬁiﬁrmpr@mw pAE4SOD és

Pr ef erabl y, th is dried_ at tenperature in the,r 40C to
To0c " typbearbipiahl Ysoioniesiatl S rif firéokd & ABBIETT oGt
t he range 50 t48efk20 rrbar typi cally about 80 nbar.
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The aluminium oxide is preferably a crystalline compound which can be
described by the formula Al2O3.xH2O where 0 < x < 1. The term

20 aluminium oxide thus excludes AI(OH)s;, and AIO(OH), but includes
compounds such as gamma, delta and theta alumina.

Preferably, the catalyst support includes one or more modifying
components. This is particularly the case where the support basis, that is

25 the support excluding the modifying component, is soluble in a neutral
and/or an acidic aqueous solution, or where the support basis is
susceptible to hydrothermal attack as described below.

The modifying component may comprise a component that results in one
30 or more of the following:
(i) decreases the dissolution of the catalyst support in an aqueous

environment,



19 During a potential repetition of the catal yst precursor chem sorption
step as hereinbefore described, the calcined treated catal yst support may
be subj ecwoeaota4edsarry phase chem sorption, using a sl upPcyirmdeoip7eof the
calcined treated catal yst support and am6i nsol ubl e i norganic netal salt
(the 5 netal of which is an active catal yst conponent as herei nbefore
described) in a carrier liquid. Again, after chem sorption, the residual

liquid may be repoved by drying at above 25C ub- at nospheri c pressure or
t Ty e r ooVl bySYRTESSRS offe” 1875RRY RS cauciE | AU AR YA alp be
carried out under Cq%rb{r@ﬂ,%gﬁt Y &h t(ggp§gé| '%tﬂrftnﬁor $a&Her trofEdaNi C)

netal salt wll not readily deconpose. Preferably, e drying step 1s
carried out at abovesydiesisx preferably at sub-atnospheric pressure. 15 The

nitrogen content..in the catalyst precursor,my, he |ess than 1 mass %
preferably Iessg-"f)han'nﬁr%asﬁﬁg}%g@?r%}ﬁﬁem?a?firtgﬁ,C\éﬁ)ﬁt Séjé)rp_Pfted out, is
preferably carrfigd Outredised t@BPesPéALtR ahRY6r 2afirifgnsidhd/éheadeRes ted and
i npregnated netal salts to 20 deconpose and/or to react wi th oxygen.

Cal cination is thus esEtancepithesatalyst sipPoitnder oxi di zi ng condi ti ons. For
exanple, cobalt nitrate may be converted into a conpound sel ected from Co,
CoQ(OH), Co304, Co203 or a mxture of one or nore thereof. 25The

cal ci nation ils 4 ypefeatddy eafdosiirhedt ioh thef ihventiicre dthiee ehoddfyingn camipohany ki | n.
The at least partially dried jnpregnated treated catal yst support may be
cal cined i n &ecreaprs taepdissolutiond @i e cafi@lysht PUPPerhyInt i BEUSRMSween

100C ¢ 0 #90CenRrShAEAR! o, DFicHeRD ARG BRHeSPBE naTBA I &L BpAR B e

150C and 30 pically a or obtaining c oxl de cat al yst
precursors. Tmesoldioper ot upe | squenusal egpvirortmeals edndifoom sudpresdest ethyger at ur e,

bofween 3. 5 SHECSRYEHItH Ol €PBU ko Vo ootoesabaraTt 1 BIRAIRDG1 676 20

during Fischer-Tropsch synthesis. Such an aqueous environment may
include an aqueous acid solution and/or an aqueous neutral solution,

15 especially such an environment encountered during an aqueous phase
impregnation catalyst preparation step. Hydrothermal attack can cause
the sintering of the catalyst support (for example aluminium oxide),
dissolution of Al ions or break up of the catalyst particles during
hydrocarbon synthesis, especially Fischer-Tropsch synthesis, due to

20 exposure to high temperature and water.

The modifying component is typically present in an amount that results in
a level thereof in the catalyst support of at least 0.06 atoms per square
nanometer.

25
The modifying component may be selected from the group consisting of
Si, Zr, Co, Ti, Cu, Zn, Mn, Ba, Ni, Na, K, Ca, Sn, Cr, Fe, Li, Ti, Sr, Ga, Sb,
V, Hf, Th, Ce, Ge, U, Nb, Ta, W, La and mixtures of thereof.

30 The modifying component may, more particularly, be selected from the
group consisting of Si; Zr; Cu; Zn; Mn; Ba; La; Ti; W; Ni and mixtures

thereof. Preferably the modifying component is selected from the group



the cal cination, especially of inportance in fluidized beds and in the
presence of nitrate inpregnations will normally be in the range of 100 to
3000 h-1,woypixabdsy about 2000 h-1. Mre particularly, trogIBzivhFiae on
conditions in the second preparation sté&p may be selected such that, in 5
the catal yst precursor, substantially all reducible netal is present in a
calcined state. Apart fromthe nethods nentioned above, cal cination may be

ffected al bl f t
my e car i GANBRINGPT 08 1 &PndRis AGERReE SHBOAMRRICEe BrTI thar

comply wi th theyif gnéhditeia: (i)when the heating rate is1C/ mn, the
space velocity |Iﬁz§{%gs? I76|rr8/(kg Co(N®B) 2 6H20)/ h; and 15(ii)vx/nen t he

heating rate is higher than 1C mn, the space vel 00|ty satisfies the

relation : 0-,lo 76 I e 76 + 10 heati ng
et 00 WafRint SodRe, b RR ey Sl 5 AP el o REL 0,
catal yst gr e‘éﬁf&ﬂﬁs’t sUbparh is SinoBhabARUiNeratl Féa@bt(ﬁO@agi QtdMst P&r BHOERSS
according to 20t first aspect of the invention, and conprises netal in an

amount of beﬁ*@@@m%eraﬂﬂtmcﬂ@%t%Upﬁage@r@’ﬁr&%aﬁé@@t GidcRiratomsnas. The

pr ecur sor d Y
preferably bgb% l"%BS@%’Jﬁ‘e ggw &J&)p@ﬁt zﬁmj %ﬁﬁécoar%fq?@@y n%S%P 8cursor
I s essenti al I0y26 Beetophs pacsqurge ainematarsof thbeatalystl stplortr ecur sor may be a
hydr ocar bon synthesis catal yst precursor. Preferably, it nay then be a

Fi scher-Tropsch synthesis catal yst precursor. Mre preferably, it may then

be a slujpy Phrarfatll SHREppE: MRSk 8BS NRSHS/nm? of the catalyst support.
The modified aluminium oxide catalyst support may be that obtainable
under the trademark Siralox, obtainable from Sasol Germany GmbH,

containing between 1.4 and 2.2 mass % Si.

15 In another embodiment of the invention, the catalyst support is in the form
of one or more aluminium oxides or a silica modified aluminium oxide and
is preferred over supports such as silica and titania, since it is believed
that these supports provide a much more attrition resistant catalyst. The
catalyst support in the form of one or more aluminium oxides or a silica

20 modified aluminium oxide may also include La. It is believed that La

improves attrition resistance.

In a further embodiment of the invention, the catalyst support is in the form
of one or more aluminium oxides or a silica modified aluminium oxide may
25 include titanium, preferably in an amount, expressed as elemental
titanium, of at least 500 ppm by weight, preferably from about 1000 ppm to
about 2000 ppm by weight. It is believed that the addition of the titanium
to the catalyst support increases the activity of a catalyst formed,
especially in the case of a cobalt FT catalyst, particularly when no noble
30 metal promoters and preferably no Re or Ta promoters are present in the
catalyst. Preferably, the titanium is included in the internal structure of the

support and, preferably, no titanium is present as a deposit on the support.



WO 2012/ 146950PCT/ 1B2011/ 051876 21 catal yst precursor. The netal of the

sol ubl e netal conpound/salt nay be cobalt. Preferably, the netal of the

i nsol ubl evoebel146npound/ salt is then al so cobalt, whicirCraBrhussiBfe active
conponent of the eventual catalyst. Thel8atal yst precursor is then a
cobal t - based Fi scher-Tropsch synthesis 5catal yst precursor. However,

i nstead, the catal yst precursor may be a hydrogenati on catal yst precursor

suitable for the hydr ogena n of or anl ounds. re specifi aIIy, t he
catalyst predurSdieiusds ieh B8 Bresetanpt TSI EBRoEbI IPPOR A%G o
al kyne, al keqgp rdi)e%“%é)ratt%ﬂoﬁ' f%%"k)fé’ﬁcé‘%rggé‘é@g/smmﬂéﬁ a.hmbeerw%or or a

hydr odechl ori natl on catalyst precursor. For ex the catal yst precursor
can al so be &doppbdohol or ammoni a synthesis cat aI yst precursor. 15Wen the
hydrotreati ng catal yst precursor is cobalt-based, it can be formed in the
same manner as the cobalt-based Fi scher-Tropsch synthesis catal yst

preCUfSOf5hef||$iy@b§|ﬁ(§1th@r defodirest ofineliv@rtion, tHecsahat ¥sppstpRg e | | be
i npregnated wi anmoni um para nol ybdate, dried and optionally calcined and

used as suchthe: fo® PhveTELBNPaTKCIEsNTPaEd2 Villy G8aven.i ofn palbcatasnative be

o U ol ybaesbesneph P I etbd; neofcbe dtdks Bl o st BB AR § ng

cat al yst preoficact aidarbocooatiiyce With the present invention, especially
t hese type of catalyst can be applied for HDM (hydro denet aI l'ization), HDS
(hydro desul phurization), HDN (hydro- 25denitrogenation) or for pyrolysis

gas T 9genatieoneia e UARR, i 86 AbaFRReCly ShbdingVETHalyidier e 1

provi ded a process aring a cat I ncl udes pr
cat al yst pr econmgpmnens pregurser wwhioh esdudés ahnodlfyirsg casyecenbés tescribecent i on,

and reducing,the catal yst 30precyrsor. so prepare to obtain a | yst.
WO 2012/ 1468@@%?9%%19@913%‘9 into’ "2 pcataﬁySt sOppatt " Mhatdrial. ¥

The removal of the carrier liquid from the slurry may include subjecting the
15  slurry to drying and/or filtration. When drying is employed, drying by heat

treatment, i.e. at elevated temperature, is preferred.

The chemisorption as hereinbefore described is thus effected by slurry
phase mixing using a slurry made up of the pre-shaped support and the

20 insoluble inorganic salt in the carrier liquid. Preferably, the slurry is
aqueous. After chemisorption, the remaining carrier liquid may be
removed by drying at above 25°C at sub-atmospheric pressure and/or it
may be removed by filtration.

25 When present, the drying during the impregnation, may be carried out
under conditions at which the soluble (inorganic or organic) metal salt will
not readily decompose. Preferably, the drying step is carried out at above
25°C and preferably at sub-atmospheric pressure. Preferably, the slurry is
dried at a temperature in the range of 40°C to 120°C, typically about

30 100°C, with the final pressure typically being in the range 50 to 120 mbar,
typically about 80 mbar.



22 \Wen the catal yst precursor is a hydrogenation catal yst precursor as

her ei nbef ore descri bed, the catalyst will then naturally be a hydrogenation
cat al yst .wOhe1wavsogenat i on cat al yst can then be used f@cThpznogaszt i on of
aromatic, nitro conmpound, nitrile, al kyh@, al kene, diene or an al dehyde 5
or hydrodechl orination or al cohol or ammonia synthesis or for HDM (hydro
denetal li zati on), HDS (hydro desul phurization), HDN (hydrodenitrogenation)
or for pyrolysis gas hydrogenations, Mre particularly, the hydrogenation
catalyst canDUTES Bl dEPSRIGR ShULH CIFNP! (R5SEHEOH FRBTRIABIP BRI ne
chemi cal s, wagr @ Bidesérs @bsdriBeR! HRNESINEY 1ob@y SSLRAS sbbirihay be
mai nt ai ned. Exanpl es of reactions that can be catalyz by ni ckel = based
cat al ysts pr ephjested to stror ¢hase chientiserpiiopr esiogt a i shuentmade apeof the

hyd ti hydr o- dechl ori nati on, the like.. 15In.

v o2 dechl ofpilefes ERATNEr SN Ha shdFet iR ndBahimeta sedvent i on
mekes it HosshdbPot WhitANS Al adtve cAt@yst cathpdnshtegemerabeldre déé‘é:ﬁ,@@@{‘/ HC
partial pressures in the systemvery carefully, thereby substantially

i mproovi ng t hé" @etaseier lifig. oAgeine afteaehparisorpionas resislughliavigsmagscur sor

her of nber or e "a00eRy L TiseoEBBGTS, 26 e haf et BSel i Fdopscn
synt hesi s catoal resiove8Usypofiliratiovgl y it was found that when a cobalt-based

Fi scher-Tropsch 25 synthesis catal yst precursor as set out above is
converted to a FischerTropsch synthesis catal yst by neans of reduction, the

cat al yst 4has hi @({]% t; i =T QP ACH[ Vi : e
surpri si %gl y,'aéhlyt lSg\/lgss oﬁdﬁﬁqggﬁé}ﬁﬁaﬁ/g bt%hgg#g@mblsjgr%%%%@gng%i on
prepar ati on prhodestheasohdei (ib@ganie def orgahic)notetahlsalt swih detsireedilyhi gh

cobalt | oadi ng obtai ne 0 ut, a hi.gh degree aof cobalt (netal .and{or

ot de) d eperBeBRIOsa RETRBPE: i onid siar Reares b ehPhRYe iBr R Fthr oved
Fi scher - Tr op$pbrepatily BESIIS-a8AbsMhdric pre'¥§L012/ 146950PCT/ 1B2011/ 051876 23 The
catal yst precursor may be reduced or activated by any known reduction type,

preferably by contacting the catalyst precursor with pure hydrogen or with
a gaseous.m xture, contal ni ng. hydrogen., The gaseous, m xt ure consi st of
nyarogen and 15 TsPSe EartelEin e RV p R BRE TV pRdS PR B B0t ¢ he
active catal %)ﬁéferad?yﬁgs@,rtaghy)_g hasgepcentrati on of hydrogen is in the range
of 0.1 to 100 % and the reduction is carried out at any tenperature above

100C. When the catalyst is a Fischer-Tropsch catal yst, the gaseous m xture
Calcination, when carried out, is preferably carried out at a temperature

above 25°C causing the deposited and impregnated metal salts to
20 decompose and/or to react with oxygen. Calcination is thus preferably
carried out under oxidizing conditions. For example, cobalt nitrate may be
converted into a compound selected from CoO, CoO(OH), Co304, Co203

or a mixture of one or more thereof.

25 The calcination is typically effected in a fluidized bed, or in a rotary kiln.
The at least partially dried impregnated treated catalyst support may be
calcined in air. The temperature during calcination may then be between
100°C to 600°C, preferably between 120°C and 350°C, more preferably
between 150°C and 300°C, typically about 250°C, for obtaining cobalt

30 oxide catalyst precursors. The temperature is normally increased from
ambient temperature, typically 25°C, to 200-350°C at a rate of between
0.1 and 10°C/min, preferably between 0.5 and 3°C/min. The GHSV during



10 preferably contains at |east 90 volune ")/0 hydrogen. The reduction may
be carried out at a tenperature ranging from250C to 550C, preferably from
about 300€ot012436050 425C, for a period ranging from 0. 5rPoTB2db0I87624 h and
at a pressure ranging fromanbient to aBout 40 at nospheres. Suitable

reduction conditions for preparing the catalyst of the present 15 invention
can be found in pat ents WO A- 03/ 035257, WO A- 2008/ 135939, WD A- 2008/ 135940

and V\OA—ZOO 135 41. Accordi n to_a fourth aspect .o e pre
venti on. -t K EAGBIGYT RPN, G deecbCey it AUSIEh 608 s8 nc e

conpri ses pr é’sré GF Giftbfd ¥ipr eé@iatlb!ﬁé RS 'hBF‘mBF%%@Sﬁ Ak r%ngtJT' 1ob gspect of
the invention; and contacting hydrogen wth carbon monoxid

t enper at ure @B@Oehloﬂﬁplaald/ aboue s ho't al’s/loreeamrtlcltﬂ]atb)ar thvé tdalcinatiarat al yst

so prepared, to produce, hydrocarbaons tionall ge s ,of

vl ooar bons COBTRRS 1§ dhS AL R & R B S B H8D e SesBE S B by er abi y
from Zlo%totﬁé%talyﬂep%ﬁ@tr %uﬁ@f@t@ﬂ;ﬁfeﬂlr?éddbltﬂQYmB{%llfléOﬂ?ﬁe%@nbﬁ do 70
bar. Preferabl rocar bon synt hesi s process is a Fischer-Tropsch 30

process, nor @afcﬁreerdestatﬂ yApattiirase thh meshers iastiomed gbeme peajeiggtion §1ay | nor e

Do b, Bt S Ahal T R AR §ed B ovE 0 2

process may al so i nclude a hydroprocessing step for converting the

hydr ocar bons and optionally, oxygenates to liquid fuels and/or chem cal s.

5 The present h%§@m'n%W%@@Md%e aqagaepoo%t( @dub‘%'@gp?‘ohﬁé@@g gyte rnd a

hydr ocar bgn fiau .the invention.

Accor di nget o%g% q'%lhéc@y ect ofrﬁ[{)I e\ngrpetggr];{) I nv rltltoe:j]’ ‘there is provided a
hydr ogenati on process Whl ch conprises preparing a catal yst usi ng the 10

process of the third aspect of the |nvent| cont acti drogen and
an organic cgﬁpouH@% t?ﬁetrPﬁeatE}ﬂ AR S S p&Z@Jﬂ egm tSBaﬁﬁdY"gIg@R g
organi ¢ conpound. |gast 0.78EmPYE8SECH(ND Ham)/eXEeAds al so to products
produced by the 15hydr ogenaﬁfg(?epr ce\ségzr%fg%e fifth aspect of the

i nventi on. The invention will now be described in nore detail, with

(et erenchsto hhe (gl P K Tald N RIGHEY TRaFd Mo HRRERLS

velocity satisfies the relation :

log 20 —log 0.76 _
log (space velocity) > log 0.76 + log ( heating rate )
2

According to a second aspect of the invention, there is provided a catalyst
precursor, which is obtained or is obtainable by the process according to

20 the first aspect of the invention, and comprises metal in an amount of
between 5 and 90 mass %, based on the total precursor mass.

The precursor preferably comprises between 10 and 70 mass %, and
more preferably between 10 and 50 mass % of metal. The catalyst

25 precursor is essentially free of exchangeable ions.

The catalyst precursor may be a hydrocarbon synthesis catalyst precursor.
Preferably, it may then be a Fischer-Tropsch synthesis catalyst precursor.
More preferably, it may then be a slurry phase Fischer-Tropsch synthesis



20l n the draw ngs, FIGURE 1 shows, for Exanple 23, inages of a
Co(OH)2 slurry in water containing silica nodified alum na support prior to

and aft erwoizirigewd 80C, FI GURE 2 shows, for ErpampB®1P851876hmages of
a sanple of a m xture 25containing Co(N2B)2 on top of the dark purple solid
ex-cobal t hydroxi de on the support; FI GURE 3 shows, for Exanple 23,

TPR data of a physical m xture of Co(O—|) 2 and silica nodified alum na vs
chem sor bed 2 on sili a; d 30FI GURE for
i e 25, AL RSOUSRT i lPATER! b (5§ hlby el RORP QUGN SR Bt r
w0 2015 1469%889? FRRI005HE Dot JRMMSBITole rREBREsAbbARYSEI GO TRAT al | ve
Catalyst 1 A 30g Co/0.075g Pt/100g (1.5g Si/100g Pura see al so

WO A- 9914228850 eataih|whith isdbas yie actize gooanedt of the mentwﬂ;lcétaystom fied
5 1.59 Si/1

i npregnati onq%%dg%l%@! sﬁéresqu(ﬁ? lﬁe‘iﬁ‘egigfﬂ%rbéﬁ orptgl §gr2% ﬁgﬁggg%ﬁhﬁsr%nprﬁse

air. Thes paeptaré@isyas carried out by neans of two inpregnation and
10cal ci nati on steps, both of which used a sol ubl e inorganic cobalt
compound. In particular, the catalyst, which is suitable for use in a

I h 43.70
o (NGB o 1o W SleRBE e RUBAT Hibeyr B A BT BTV e B Dignap® % 700
Pt (NH3) 4. ( NOprécurdors saltatsie fon thenidydtbgénaticed onasrganicvesmpogeds. t Aok s
solution, after which 50.0g of the 1.5g Sllloog Pur al ox SCCa nodi fi ed

pre- shaped s@BSS‘f'Fa%st%o@dan tﬂf@C‘éré‘PDt ey, Rfuekfisar aramatihagiro
I mpr egnag § on AR AGY HRRY, YaIRgh &L RehBE BRI’ BF L aRenyBET BRFbEENL YN

catalyst precursor, or a hydrodechlorination catalyst precursor. For
example, the catalyst precursor can also be an alcohol or ammonia

synthesis catalyst precursor.

15 When the hydrotreating catalyst precursor is cobalt-based, it can be
formed in the same manner as the cobalt-based Fischer-Tropsch
synthesis catalyst precursor hereinbefore described. Typically, the
catalyst support will be impregnated with ammonium para molybdate,
dried and optionally calcined and used as such in the invention. A similar

20 preparation process can be applied to prepared NiMo catalysts. Cobalt
and/or nickel in combination with molybdenum are particularly suitable for
preparing a hydrotreating catalyst precursor in accordance with the
present invention, especially these type of catalyst can be applied for
HDM (hydro demetallization), HDS (hydro desulphurization), HDN (hydro-

25 denitrogenation) or for pyrolysis gas hydrogenations.

According to a third aspect of the invention, there is provided a process for

preparing a catalyst, which includes preparing a catalyst precursor using

the process of the first aspect of the invention, and reducing the catalyst
30 precursor so prepared, to obtain a catalyst.



20 tenperature from60 to 95 C, while the vacuum was reduced from 170 to 75
nbar. This vacuumdried internediate was directly subjected to a fluidized
bed cal ciwatzom4et5ep using a continuous air flow of 1.7PpdFBRIoT/N518WhI | e
increasing the tenperature from25C to 280C at 1C/ mn and keeping it 25 at
250C for 6 h. 50.0g of this internmedi ate calcined nmaterial was subjected to
the followi ng 2nd cobal t/pl ati numi npregnati on and cal ci nati on step: 23.51g

Co( NGB) 2. 6H2 i | in 40nml distil]ed { . 039 f 30
L (NFB) 4. (NOSYBER decSrtobar inreaeme db o IMibadepaton) camysdIeatisor 33 s
sol ut i 0N, aneAfin RS bt 198 coRIALY PR RUEIFENPEEY R AoaAstciRl oi ned

internedi ate was a Agueous slurry phase i npregration an
2012/ 146950PCatalyst0 1ine by@ngepnstionacatatysiroginnipendree used dart ybroganatioracuum

dried internediate s directly subjected to a fluidj.zed bed | ci pation
tep. accor AONGIYBal e B et PUE R s HEE: U RLBOSAFY ow o
1.7 dnBn/ gi nprwgdfcﬁidch%mﬁbﬁ@rtah‘@)rioﬁW@ﬁﬁtﬁ@rﬁiﬁ syheHBas&bér 1g? HISOGhglirol T/ mi n
and keeping it at 250C for 6 h. In preparation for |aboratory Scale

sl urry phase desatalization)st i HRSH t &iwdre eadlestippudzatn), Fi BEMer - thysliech
thesis (FLSL. 1 hj i ' duced and ted i
aocor dance woEhtiabBpIbL G BEbTlN TR RV orb oS, e Caral yor was r educed

at 1 bar in pure H2 (space velocity = 2000m n H2/ g catal yst/h) whilst the
tenperature was increased from 25C to 425C at a rate of 1C/ mn where after

t he tenper at M@ewaarticdlsrlye dhe thysirogenations calahysé icanuernoesagrtiadvens h. The
d d t al ‘ . ) i ch
reduced ¢g asﬁ%tglg’gg rt]ﬁ%\gﬂiféﬁ@tlf)ﬂ o‘FﬂH% >g:ﬂgﬁﬂcélQ, gﬁ%ﬁﬁ'@ﬁ A prEarite tHAt C

stage the 15 s replace argon, e catal'yst unloaded in
nol t en Fi schéighTrsgledivitwais undietaindée: priotaoplesnobfreantiamgyahablGankdie Thi s

wax coated catalyst, was then transferred to the slurry reactor. K EXAMPLE 2 -
Co( OF1), 2¢: mCalpyzas: By nigkebRassd | Gaialypis, oreRarasy &t asterdancs, wih K&, og

Co/ 1009 supp@yéseittilentibnir HybRRendfion PhERBIRENINMLBAT AhE Heafie Sil i ca
nmodi fi ed al um na support using chem sorption, followed by direct fluidised
bed calcination in air.
15 In hydro-dechlorination reactions, the hydrogenation catalyst of the
invention makes it possible to control the amount of hydrogen and the
hydrogen/HCI partial pressures in the system very carefully, thereby

substantially improving the selectivity of the reaction.

20 When the catalyst precursor is a cobalt-based Fischer-Tropsch synthesis
catalyst precursor as hereinbefore described, the catalyst will naturally be

a Fischer-Tropsch synthesis catalyst.

Surprisingly it was found that when a cobalt-based Fischer-Tropsch
25 synthesis catalyst precursor as set out above is converted to a Fischer-
Tropsch synthesis catalyst by means of reduction, the catalyst has a high
and stable Fischer-Tropsch activity. Even more surprisingly, it was found
that by using the chemisorption-impregnation preparation process as
hereinbefore defined, not only is a desired high cobalt loading obtained,
30 but a high degree of cobalt (metal and/or oxide) dispersion is also
obtained, resulting in a catalyst with improved Fischer-Tropsch synthesis

activity.



251 n particular, the catal yst precursor was prepared as foll ows:

Chem sorption 40g of silica nodified alum na was added to a suspensi on of
3.2g of paotoculsedse cobalt hydroxide in 90mL of water. Ph@/IBEEUDIBTY

m xture, which 30 was in the formof a 2Burry, had a pH of 7.5. Agueous
slurry phase chem sorption was effected for 18 h at 80C. During this
process the pH slowy decreased to 5. The water |ayer was decanted fromthe
m xture, WD_2012/ [1?:}6950PCT/ 1B2011/ Q051876 27, and af.teir three washings with
wat er, the |iT£‘i9rt CRIRY5T e PEEAUBT X d Mo Rfc AR A Qe 8CHYA19D R AMAANO¥BT. Thi s

dri ed de. cat i ' j dt
vacuum dr i ed &g Gaiop %i@bﬁfré‘@aw UESRtacitg tHY %?fﬁﬁg rBclf@dr Sk EGE@ 0

fluidized bed calcin according to the fol procedure using a
conti nuous aihydfdgen of withéa g@sadus mixiing lconginingeagiragen helheegpeeatsure from

25C to 250C at. 1C¢/ m n and .kgeghn& | t 2%}1&500 for 6 h. EXAMPLE 3 - Co(0OL112
and Co 1\ (_IMisMUBS 3n3, COURIEREE MYHIO9BR it QPP i 8PS HIRhOrPve BIIE 9% 3 10
A 20g Co/ §. 0Tt R /rb8Pects bP RI9S tadti@_babéftélys%?réfe?@b’izeﬁh_eoBoﬁcé?ﬂfa_ttibﬁubﬁt e
silica nodified alum na support using sequent i al chem sorpti oni npregnati on
aqueous sl ur hydpgesds in dparandeod’ Gihdo dOPi dnd el redeetiasyisdrareed ot at di sed
bed cal ci nati | ' | parati on was done by neans of two
preparation ?ﬁggé%p%éew?ell?%@@p?%@g?at I on step included chem sorption using
cobalt hydroxi de, while the second preparation step included inpregnation
using cobalt nitrate. In particular, the catal yst was prepared as foll ows:
20 When the catalyst is a Fischer-Tropsch catalyst, the gaseous mixture
10 preferably contains at least 90 volume % hydrogen. The reduction may be
carried out at a temperature ranging from 250°C to 550°C, preferably from
about 300°C to about 425°C, for a period ranging from 0.5 h to about 24 h
and at a pressure ranging from ambient to about 40 atmospheres.
Suitable reduction conditions for preparing the catalyst of the present
15 invention can be found in patents WO-A-03/035257, WO-A-2008/135939,

WO-A-2008/135940 and WO-A-2008/135941.

According to a fourth aspect of the present invention, there is provided a
hydrocarbon synthesis process which comprises preparing a catalyst

20 using the process of the third aspect of the invention; and contacting
hydrogen with carbon monoxide at a temperature above 100°C and a
pressure of at least 10 bar with the catalyst so prepared, to produce
hydrocarbons and, optionally, oxygenates of hydrocarbons.

25 The temperature may be from 180°C to 250°C, more preferably from
210°C to 240°C. The pressure more preferably may be from 10 bar to
70 bar.

Preferably, the hydrocarbon synthesis process is a Fischer-Tropsch
30 process, more preferably a three phase Fischer-Tropsch process, still
more preferably a slurry bed Fischer-Tropsch process for producing a wax

product.



Cobalt nitrate solution A cobalt nitrate solution was prepared using
Co(NGB) 2. 6H20 and Pt (NH3)4. (NO3)2 resulting in a solution containing

140. 2g/ 1 w0 2arxh4956328g/ 1 Pt. The pH of the sol uti on wagCadpugi/esistco 2.7
using nitric acid. 25 Chemisorption/inpdegnation 40g of silica nodified
al um na was added to 3.2g of particulate cobalt hydroxide in 90nl of water.
The resulting suspension had a pH of 7.5. Agueous slurry phase

chem sorptio s effect f 18 h at 80C. 30 Dur,i thig process the pH
Slowl y decr edB€d ﬁogafbﬁﬂeswﬁfe%ﬁ»'s|pa9%¢8%a@yd@éadvgaggr%ﬁvéwm%asmge and

after three ‘éﬁﬁb d at 40
nbar and 80C. V\g?g%)l%m 950P r?%%rg?iil 05187?'853% Xygggétggﬁgétﬁgﬁst

support or i ives@dictamentcasi al from chem sorption was subjected to the
foll owi ng cobalt/platinuminpregnation and cal ci nati on step: 530.0g ex
chem sorbed material and 47.7mL of the cobalt nitrate solution were

subj ect ed5t o0 TR@UgRESers! Ufivehtiohaextenty eslsat @ Npriddiciacpraauesyi bg arcor di ng
to the details provided in the inpregnation and vacuum drying protocol in

Exanmpl e 1. Tﬂwgrqp@émmsmth@als|nﬁo@e9@e@ftaeéoumaaperéaﬂtfye mﬁé@lﬂed to a
fluidized bed calcination step, according to the follow ng 10 procedure
using a continuous air flow of 1.6 dnBn/mn, while increasing the

tenper at ure fAceordibg tb a 2%AGsPecl Gfrthe mederktempen@om tthete 25>@fFoviged @ h. The
catal yst precursor (i.e. after the chem sorption, inp g'agnatl on and 15

cal ci nati on) NYEECGERLIQR RI@LES YHHeN tQS’%‘Eﬂ%ﬁSan%”@St al Gaalypl UsKIn & he

pr ocedur gnde t erature
was 3750?0 EX?K}E’ %%dd tﬂe%ﬁﬁ@ﬁs@eét Pfﬁ%l\@/%ﬁm mu @%@ggg ’f}f@%@%&gaﬁgl on of

i nventive Cataal grigfanitc compound with the catalyst so prepared, to hydrogenate the

organic compound.

The present invention extends also to products produced by the
15  hydrogenation process of the fifth aspect of the invention.

The invention will now be described in more detail, with reference to the

following non-limiting examples and the accompanying drawings.

20 In the drawings,

FIGURE 1 shows, for Example 23, images of a Co(OH); slurry in
water containing silica modified alumina support prior to and after mixing
at 80°C;

FIGURE 2 shows, for Example 23, images of a sample of a mixture

25 containing Co(NOs), on top of the dark purple solid ex-cobalt hydroxide on
the support;

FIGURE 3 shows, for Example 23, TPR data of a physical mixture
of Co(OH), and silica modified alumina vs chemisorbed Co(OH). on silica
modified alumina; and

30 FIGURE 4 shows, for Example 23, images of a mixture of Co(OH),

and alumina tablets in water.



A 19.2g Co/0.070g Pt/ 100gsupport catal yst was prepared on a particul ate
silica nodified alum na support using sinultaneous

chem sor pyvpant/mprsegnat i on aqueous sl urry phase prepar aPcConBzndodisy ng,
foll owed by direct fluidised bed calcinabion in air. 25 This preparation
was done by means of a single preparation or procesing step: The step

i ncl uded chem sorption using cobalt hydroxide and inpregnation using cobalt

nitrate. Thui; QBEQ sgrpti on and inpregnation takes place in the sane
process step erred to as sinultaneous 30chem sorption and

i mpregnati on. prewa%gg,%(f%6&%%@%@%;_#/1051876 29 In particular, the
catal yst was prepare nitrate solution A cobal t
nitrate sol utA 36g m@s/%@é&fz@r%’dmﬁg nd .30 (NAD0R. dHzoloxRICERt (SGH%I)SD YW@s) 2

| t 1 d 0.5328 Th H of
he sol uti onAad2d tepeepls 31 s g brereiedith S fitdale Mol P ©
i sorptiongi Mmrsgngl/hoog ‘FQ@aI@f( §Cb'acﬁré3§lﬁhﬂéoe§uﬁﬂ)éﬂnu%mg/\@§ué@@@@ldr@/

suspension of 3.2g of solid particul ate cobalt hydroxide in 57g of the
cobal t nit r aPBagelimpregnading aswgdrdmwmlwedphwétﬁa@t flﬂ"ﬂlﬁ@@ bgHzpadcination

chem sorptloq,] s effected for 1 h at 80C. During this process the pH of
the slurry cha ged from6 to 3.5. The resulting slurry of purple solid
material in dark red solution was subjected to inpregnation and vacuum

drying according to the details prow ded in the 15 inpregnation and vacuum
dryi ng prot od&NS iReRXAHANeWaS qafTied\gelubin B1eeg of dwPetnrRr2gARARR E]!:ﬂdecur sor

or i nt o1 U b PARAOidEEL | poWDLPChATY Audbd |11 dbBRk DREGAICT Basdion Step.

according to ol l ow ng procedure using a confl nuous al

dnBn/ m n, whicbegouodeasi ng the tenperature from 25C to 250C at 1C/ min and
keepi ng it at 250C for 6 h. 20 The catal yst precursor (i.e. after the
chem sorption, inpregnation and cal cination) was activated/reduced to

Chat! Tne"ene M ISR 8 DI, DS GUBBGENOSe 1 BXARYSase e
Fischer Tropsch synthesis, was prepared as follows:

15 43.70g Co(NOs)..6H,O was dissolved in 40ml distilled water, and 0.024g
of Pt(NH3)4.(NOs). (dissolved in 10ml distilled water) was added to this
solution, after which 50.0g of the 1.5g Si/100g Puralox SCCa modified
pre-shaped support was added to the solution. Aqueous slurry phase
impregnation and vacuum drying were then effected by increasing the

20 temperature from 60 to 95 °C, while the vacuum was reduced from 170 to
75 mbar.

This vacuum dried intermediate was directly subjected to a fluidized bed
calcination step using a continuous air flow of 1.7 dm?®/min, while
increasing the temperature from 25°C to 250°C at 1°C/min and keeping it

25 at 250°C for 6 h.

50.0g of this intermediate calcined material was subjected to the following
2" cobalt/platinum impregnation and calcination step: 23.51g
Co(NO3)2.6H.O was dissolved in 40ml distilled water and 0.039g of
30 Pt(NH3)4.(NOs), (dissolved in 10ml distilled water) was added to this
solution, and 50.0g of the ex 1% cobalt/platinum impregnated and calcined

intermediate  was added. Aqueous slurry phase impregnation and



EXAMPLE 5- (Co(OH)2 and Co 1\(:,:3,3,),2) Preparation of inventive
Catalyst 5 A 20.9g Co/0.0795g Pt/ 100g support catal yst was prepared on a
parti cul ave 2e8idi46®onodi fi ed al um na support using si nmul PaMABE1/051876
30chem sor ption-i npregnati on aqueous sl 28ry phase preparation and dryi ng,
foll owed by direct fluidised bed calcination in air. WO

2012/ 146950PCT/ 1B2011/ 051876 30 Thi s prepar ation was done by neans of a

by Ao oni o aaFHaTe GG O, SHEtisbal N e of oy g @r“rﬁéﬁ”&ec%aét
catal yst was d%@ﬂ’@as%%br &3ed %' QWﬁndEe@%éd %‘akﬁr?ét%nsgié(ﬁ)t Ié&ordmﬁpthCB

nitrate solution epared using NO3) 2. 6H20 a
resul ting i nfelaydhgtpronedunst e$ingng (x:m.mlgt]l$ aio flawd ofl Q7 aﬁgﬁgmn FWhlIeThe pH

f th I 2
Csor pti ont | miraghane dhe hee e TPabemard PEA'G el fim R seering ! -
suspensi op ofgt 4g0et 160 hd particul ate cobalt hydroxide in 57g of the cobalt

nitrate solution and 50g 15 of water. Aqueous slurry phase chem sorption
was effected for 30 min at 60C. During this process the pH of the slurry

Gar K red sol i iIRPRAToR BF JaGatery ey ity PR S HtBUR SIRT I, 10 (e
detai |l s provirgector r(@$ERI)nFtsmeaﬂ‘rmohn@ynmlslsm(slmo nN@inBf Qh@C@bIdlrﬂaoExaﬁm e

1. This vacuum 20 dried treated catal yst support or interned |ate was
directly subjierigddl W@Sareﬂpﬁﬁ‘éhaz"@dwﬁédcﬁﬁ@h'Ha@qCQFﬂ%ﬁC@pW'th@@rfﬂ ﬁy'rtgo the

fol 1 owl ngoPr fSHH e LThAT of HRORBIINI R iiddialh darbind

i ncreasing t enper a rom C/ ' mn and keeﬁl ng |1 t at
250C for 6 hvekiEihe 2a0@MysH./igr estalystin) (hilst thef teemperbture heas swreaseth,
| mpregnat | Onfacl)rr]r(lj 25°C to 425°C at a rate of 1°C/min where after the temperature was
kept constant at this temperature of 425°C for 16 h. The reduced catalyst
was allowed to cool down to room temperature at which stage the
15 hydrogen was replaced by argon, and the catalyst unloaded in molten
Fischer-Tropsch wax under the protection of an argon blanket. This wax

coated catalyst was then transferred to the slurry reactor.

EXAMPLE 2 — Co(OH)> only
20 Preparation of inventive Catalyst Precursor 2

A 5.0g Co/100g support catalyst precursor was prepared on a particulate
silica modified alumina support using chemisorption, followed by direct
fluidised bed calcination in air.

25 In particular, the catalyst precursor was prepared as follows:

Chemisorption

40g of silica modified alumina was added to a suspension of 3.2g of
particulate cobalt hydroxide in 90ml of water. The resulting mixture, which
30 was in the form of a slurry, had a pH of 7.5. Aqueous slurry phase
chemisorption was effected for 18 h at 80°C. During this process the pH

slowly decreased to 5. The water layer was decanted from the mixture,



cal cination) was activated/reduced to obtain the catal yst by using the
procedure described in Exanple 1, except that the end reduction tenperature
was 375C.wowm2234950146950PCT/ 1B2011/ 051876 31 EXAMPLE 6PCT(1htoghvesisteoadi ng
in 1st prep-step) Preparation of invenfve Catalyst 6 A 29.7g Co/0.041g
Pt/ 100g support catal yst was prepared on a particulate silica nodified

al um na support using sinultaneous 5chem sorpti on-i npregnati on aqueous

slurr hase pr.eparati on an dryi foll direct fluidised bed
ohl'cl wari o ieRdeer e wRaR pOE L el VR TaBh IS alered Brodid was o
preparation gl at UBPmblafRind @ﬁe%%hﬁdﬂu%% BFlé@@réé%éd"aa@Wé? g‘re&}f%rox' de

and i npregnation 10using cobalt nitrate. In particular tal yst was
prepared as foolintemsedigtshwias Sublecmwcsﬂﬂl|dlzedMedltfalﬁnatbdualetccnrdlmgut@tfa)l ution

Qﬁfuf{gﬁaf:gg@w}ﬂ%c@%ﬁ% S%Hf%gaagg%‘t@é%ﬁla'bﬁow'rhﬁ @chpi svgh'&i on was

adj usted 50 ctedSih§anditémberaGrediroh2sma @QBD*@%’['W@I@W@M Réeplag it0g of
silica nodified alum na was added to a suspension of |1 Qg of solid

particul ate @éBéchl’Fﬁ}fo@bm de in 57g of the cobalt nitrate solution and 50g
of water. Aqueous slurry phase chem sorption was effected for 48 h at 60C
During this process the pH of the slurry changed from6 to 3.5. The

resul ting sl EXAMPLERIFCECH), bdd@s (@10 in sucdaskioned sol ution was

subj ected 25 to inpr egnatl on and vacuum according to the details provided

in the inprediaRaEH0RL eativenCatalysly protocol in Exanple 1. Thls vacuum

dried tregte r é@@, dtoa
fluidi zeggbe%\g gal;ﬁ@!t? ?ﬁ@tooaaglégéﬁ %f%f{l%stt?\he oﬁ?gﬁcéﬁg% roce (S\Ereg usi ng
a conti nuous sdica fmodified 1aBmuirr8n/snpporIV\hthsmgi nse@amitiay) tahentisorpdont ur e

from 30 25C to 250C .at 1C/ m n ndk it at 2508f0r. 6Th
impregnation aqueous S urry p greparatlon and drying, followed by

direct fluidised bed calcination in air.
15 This preparation was done by means of two preparation steps: The first
preparation step included chemisorption using cobalt hydroxide, while the

second preparation step included impregnation using cobalt nitrate.

In particular, the catalyst was prepared as follows:

20
Cobalt nitrate solution
A cobalt nitrate solution was prepared using Co(NOs)..6H.O and
Pt(NH3)4.(NO3)2 resulting in a solution containing 140.2g/l Co and
0.5328g/l Pt. The pH of the solution was adjusted to 2.7 using nitric acid.
25

Chemisorption/impregnation

40g of silica modified alumina was added to 3.2g of particulate cobalt
hydroxide in 90ml of water. The resulting suspension had a pH of 7.5.
Aqueous slurry phase chemisorption was effected for 18 h at 80°C.

30 During this process the pH slowly decreased to 5. The water layer was
decanted from the mixture, and after three washings with water, the purple
colored product was dried at 40 mbar and 80°C.



WO 2012/ 146950PCT/ 1B2011/ 051876 32 The catal yst precursor (i.e. after the
chem sorption, inpregnation and cal cination) was activated/reduced to

obt ai n t ocat2al4ysd by using the procedure described i nPEXARpie01876ex cept
that the end reduction tenperature was 385C. 5 EXAMPLE 7 - (on Pural ox)
Preparation of inventive Catalyst 7 A 21.1g Co/0.029g Pt/100g (Pural ox
SCCa) support catal yst was prepared on a particul ate Pural ox SCCa support

usi ng si mul taneous 10chen sorpti on-i npregnati on ueous slurry phase
preparati on ANG URYEACCEIABEI SURRPDPT dieERECitGareHa 58 EAPEISARRIT | n
air. . This NAPA@LARANas dABe BoRENcodlaitfbisiiieh © iRbARHeRbOMrRY ep: _The
step included chem gorptl on usi ng cobalt hygr X1 de and I npregnati on 15usi ng
cobal t ni tr atcalcinatiopastepcul ar, the catal yst was prepared as follows: Cobalt

nitrate solution 20 A cobalt nitrate solution was prepared using
Co(NCB) 2. 6H20 and Pt (NH3)4. (NGB)2 resulting in a solution containing

154. 4g/1 60 oD e 1d#rhisBioedT iratérihl dnd Bg Al of i coBalt adtraistlutich 3. 2

using nitric acid. Chem sorption/inpregnation 25 40g of Pural ox SCCa was
added to a swsperssioiasted tagageoypsludrypRitasecimrieanaiidhpnd vagudXi dintn 579 of

chem sor pt i ofckagg fedid, B8R byg¥itedint e hoorBfiRRIS o0 YebtuBedSMiare o of
the slurry clhastged firf Erainple 3. 5.Thihevacesw dried Blteriadiae maspbeesty) i d

material in dark red solution was subjected 30 to inpregnation and vacuum
dryi ng accor URIgCed {ha Heidiradsbpd Ralciaation siafe aGeeFdnade; He HaWREuum

dryi t | I Ihi i t (I=Tag t

it er medi Ot o HRgt T SRR copurees AP A BT Oy SRRt 05 66
temperature from 25°C to 250°C at 1°C/min and keeping it at 250°C for
6 h.

The catalyst precursor (i.e. after the chemisorption, impregnation and

15 calcination) was activated/reduced to obtain the catalyst by using the
procedure described in Example 1, except that the end reduction
temperature was 375°C.

EXAMPLE 4 — (Co(OH)» and Co(NQOs3), simultaneously)
20 Preparation of inventive Catalyst 4

A 19.2g Co/0.070g Pt/100g support catalyst was prepared on a
particulate silica modified alumina support using simultaneous
chemisorption-impregnation aqueous slurry phase preparation and drying,
followed by direct fluidised bed calcination in air.
25
This preparation was done by means of a single preparation or procesing
step: The step included chemisorption using cobalt hydroxide and
impregnation using cobalt nitrate. Thus, chemisorption and impregnation
takes place in the same process step and is referred to as simultaneous
30 chemisorption and impregnation.



33 fluidized bed cal cination step, according to the foll ow ng procedure
using a continuous air flow of 1.6 dnBn/mn, while increasing the

t enper at Wwe 20208 C t 0 250C at 1C/ m n and keeping it arC288Dm1i/0318% h. 5The
catal yst precursor (i.e. after the chenRQorption, inpregnation and

cal cination) was activated/reduced to obtain the catal yst by using the
procedure descri bed in Exarrpl e 1, except that the end reduction tenperature
was 375C. gP % Preg‘ ation of |nvLeIn ve Catalyst 8 A 14.5¢g

Co/ 0. 0209 Pt/'riﬁé IS dihe: cafalvy ‘é(ﬁ%)@r%ﬁﬁﬁfja:? B@)QJW? catal yst was prepared on
a particulate 1.5g Si/100g Pural ox SCCa nodified support using sinultaneous
chem sor ption-inpregnation aqueous slurry l5phase preparation and drying,

fol | oned by dabaditnitrate sblgléah bed cal cination in air. This preparation was
done by nean

h he
dove B e, oL e AR AR Sl B RSP o
part i cul as, q:hf'\:_"qéﬁ ﬁ‘u@%z W@QJIM@DW %j @(ﬂuﬁc&h | mal a{l 40. QE{' r @ m ution

25 A cobalt nitrate solution was prepared using 20 and

Pt ( NH3) 4. ( NO®) 2828t i Hie PH of the salution W@Uﬁ&dgoﬁsﬁua@glnlm@m 0.213g/ |
Pt. The pH of the solution was adjusted to 3.2 using nitric acid.

Chem sorption/inpregnation 30 40g of 1.5g Si/100g Pural ox SCCa 2/ 150

nodi fied preGHempiedrptiopfioipregratioadded to a suspension of 4g of solid
particul ate cagbal t hydrOX| de in 57g of the cobalt nitrate soluti on and 50g

of water. Aqd®8 sdicgrpgd \Bﬁﬁ@éum\m wa addad 4 6rerPERION 0f 3:4% 76f solid
10 particulate cobalt hydroxide in 57g of the cobalt nitrate solution and 50g of

water. Aqueous slurry phase chemisorption was effected for 1 h at 80°C.
During this process the pH of the slurry changed from 6 to 3.5. The
resulting slurry of purple solid material in dark red solution was subjected
to impregnation and vacuum drying according to the details provided in the

15 impregnation and vacuum drying protocol in Example 1. This vacuum
dried treated catalyst precursor or intermediate was directly subjected to a
fluidized bed calcination step, according to the following procedure using a
continuous air flow of 1.6 dm>/min, while increasing the temperature from
25°C to 250°C at 1°C/min and keeping it at 250°C for 6 h.

20
The catalyst precursor (i.e. after the chemisorption, impregnation and
calcination) was activated/reduced to obtain the catalyst by using the
procedure described in Example 1, except that the end reduction
temperature was 375°C.

25

EXAMPLE 5 — (Co(OH), and Co(NOs),)
Preparation of inventive Catalyst 5

A 20.9g Co/0.0795g Pt/100g support catalyst was prepared on a
particulate silica modified alumina support using simultaneous
30 chemisorption-impregnation aqueous slurry phase preparation and drying,

followed by direct fluidised bed calcination in air.



34 chem sorption was effected for 30 mn at 60C. During this process the pH
of the slurry changed from6 to 3.5. The resulting slurry of purple solid
mat eri al WO 2devi69sed sol uti on was subjected to i npreghaPCeAB2NUOMATUUM
drying according to the details provided80in the inpregnation and vacuum 5
drying protocol in Exanple 1. This vacuumdried treated catal yst support or
internmediate was directly subjected to a fluidized bed cal cination step,

according to_the follow n rqQcedure using.a continuous air flowgf 1.6
Gneny mi n- whilTS PRRABSALO VA Ao PyemBelr 118 GG 1 eorabat: SEP 1AM n and
keeping it a i I r hel € idhe
chem sorpti otg}gﬁ?%lggﬁ%ﬁ H(;érqn %ﬁgﬂggl g?ﬁ]@t iﬁg%lpv@?ﬂ g)gtelévg?%dlmpgg%@ée%d r?o

obt ai n t he catsiigysabdiynitisieng t he procedure described in Exanple 1, except
that the end reduction tenperature was 375C. 15 EXAMPLE 9 - (Co(OH) 2 and Co
1\(,::3,3)2 in another ratiol Preparation of inventive Catalyst 9 A 21.2g
Co/ 0. 02995 Pt /|4 PAEicemrPBiet catalyal was présaredeRaoRsWen a particul ate silica
nodi fied al um na support using sinultaneous 20chem sorption-inpregnation
aqueous slurry phase preparation and drying, followed by direct fluidised
bed cal ci nati ilt - -tre' ol tioﬂqi S preparation was done by neans of a single
preparation Mﬁ%e%—mcl uded chem sorption using cobalt hydroxide
and i npr egnatA ogobdtushitrgtec odmliioni wagt @reparepalisirgul @o(NOLe6eR0al Rt was
prepared as follows: Cobalt nitrate solution 30 A cobalt nitrate solution

0
was prepar ed AiQYHy:-(NONzeyesWipD Bnd FEQInie) aconiemyng r #1281 n&a g

s o) uidea T PR TRl G S oR X sy SR B P s s 167 s

Chemisorption/impregnation

40g of silica modified alumina was added to a suspension of 4g of solid
particulate cobalt hydroxide in 57g of the cobalt nitrate solution and 50g

15 of water. Aqueous slurry phase chemisorption was effected for 30 min at
60°C. During this process the pH of the slurry changed from 6 to 3.5. The
resulting slurry of purple solid material in dark red solution was subjected
to impregnation and vacuum according to the details provided in the
impregnation and vacuum drying protocol in Example 1. This vacuum

20 dried treated catalyst support or intermediate was directly subjected to a
fluidized bed calcination step, according to the following procedure using a
continuous air flow of 1.6 dm>/min, while increasing the temperature from
25°C to 250°C at 1°C/min and keeping it at 250°C for 6 h.

25 The catalyst precursor (i.e. after the chemisorption, impregnation and
calcination) was activated/reduced to obtain the catalyst by using the
procedure described in Example 1, except that the end reduction
temperature was 375°C.

30



Chem i sorption/inpregnation 40g of silica nodified alumna was added to a
suspension of 1 Qg of solid particulate cobalt hydroxide in 26g of the
cobalt niwoare/madsati on and 80g of water. Aqueous sl urr PCphBEE1/051876

chem sorption was effected for 3.5 h at3% 60C. During this process the pH
of the slurry changed from6 to 3.5. The resulting slurry of purple solid
material in dark red solution was subj ected to inpregnation and vacuum
drying according
drying prot o0& gr Macub¥eORIERY treated catal yst support or

i nt er medi at e%@ar‘é‘hbﬁ%h%eﬂﬁ%@é@lgsﬁ@ a 10 | uidi zed bed cal cination step,
according to € OW Ng procedure using a continuous air flow of 1.6
dn8n/ m n, whiA 9.gr e@te,{(}'@“g"le Rtetilgr atswippoftr oaiiaiw;t Was 2p@Qaced 1O rd n and
keeping it at %i'o tfor l? h. gf tal?{{m grecurs fte;t t he

cheni sor pt i of@ %‘%‘Sgna 'Pan ARgTEe Rt i BPUas %&rﬂq vat' e faRlted to
obtain ths C@héhﬁﬁrpﬁdn-h’rﬁpf@nfah@n@q@@@dslrsmr@ﬁgﬁésté)ﬁﬁbpdﬂa@@ﬁﬁbQir)]m géxcept
that the end reduction tenperature was 375C MPLE 10 - 20Preparat|on of
i nventive Caff@lloyad by directiuidigedbed. caigpation ingdg (silica nodified al unina)
support catal yst was prepared on a particulate silica nodified alum na
support using two subsequent steps each consisting of: simltaneous

cheni sor pt i ofihig pegpErbiion wagLgons byl meayis ias einyle paepdraton ateh:driheg,
fol | owed by 25d| rect fluidised bed calcination in air. This preparation was

done by neans$teR ingd %@b@@ﬁﬂ'éﬁ'fpt@&u&ﬁ'nﬁr §9H?|&th3&ﬁ0§'9@p§”d e'mﬂi”e@'ﬂ@tf?ﬂ ncl uded
chem sor p i on, Hﬁ"&q% % hydr oxi de and i npregnati on using cobalt nitrate.
30 In par |cula e catalyst was prepared as follows: WO

2012/ 146950PCT/ 1B2011/ 051876 36 Cobalt nitrate solution 1

In particular, the catalyst was prepared as follows:

Cobalt nitrate solution

15 A cobalt nitrate solution was prepared using Co(NOs),.6H,O and
Pt(NH3)4.(NO3)2 resulting in a solution containing 154.4g/l Co and 0.213g/I
Pt. The pH of the solution was adjusted to 3.2 using nitric acid.

Chemisorption/impregnation

20 40g of silica modified alumina was added to a suspension of 10g of solid
particulate cobalt hydroxide in 57g of the cobalt nitrate solution and 50g
of water. Aqueous slurry phase chemisorption was effected for 48 h at
60°C. During this process the pH of the slurry changed from 6 to 3.5. The
resulting slurry of purple solid material in dark red solution was subjected

25 to impregnation and vacuum according to the details provided in the
impregnation and vacuum drying protocol in Example 1. This vacuum
dried treated chemical support or intermediate was directly subjected to a
fluidized bed calcination step, according to the following procedure using a
continuous air flow of 1.6 dm>/min, while increasing the temperature from

30 25°C to 250°C at 1°C/min and keeping it at 250°C for 6 h.



A cobalt nitrate solution was prepared using Co(NO3)2.6H20 and

Pt (NH3)4. (NOG3)2 resulting in a solution containing 154.4g/1 Co and 0.213g11
Pt. The pMoabizhedssol uti on was adjusted to 3.2 using ni PCciraBaai/o518% Cobal t
nitrate solution 2 A cobalt nitrate soB2ti on was prepared using

Co(NCB) 2. 6H20 and Pt (NH3)4. (NGB) 2 resulting in a solution containing

141. 2g/1 Co and 0.537g11 Pt. The pH of the solution was adjusted to 2.5

using nitric_acid. bo Chemlso tloné egnation .In sterpl 409 of silica
modi fi ed al uiN§aCRRYShAdeaUEsr {!-Susp ﬁrn?% FW@F&DB?”’sﬁT‘PﬁgﬁéF"P”&ﬂ te
cobal t hydr 0’&bﬁ:‘ﬁ1dtl@>n§7\9a§’fadtlk}§téb%%hkedi"tbr 6?%If§q}1§t aﬂﬁly%t Eﬁyg tuéﬁ’ig fHe Water.

Agueous slurry phase’chem sorption was 80C. During
this process pll’d)@ctanEoﬂeS(trd)ed unrﬁxemmgeél fexoepb that 3the. ende redygctian ng
slurry of pu (?glld ma%«;yp in dark red solution was subjected to

i npregnati on WSuia @ according to the details provided in the

i npr egnat gon and vacuum dry| ng protocol in Exanple 1. This vacuumdried
treated catal yst support or intermediate 20 was directly subjected to a

f1 ui di zed beé&%ﬂ&&alcdﬁn;&uﬁd%ccor ding to the follow ng procedure using
a continuous ] rflti8 fin 'n@ él Ny whil e increasing the tenperature
from25C to it at 250C for 6 h. 25In step 2: 20g

of the ex step 2 1t eC6/0l028ys #FAOAgt 0(Ruralssp STEHN sappdrt 6eatalyss avagl
particul ate cobalt hydroxide in 35'9 of the cobalt nitrate sol ut| on 2 and
30g of wat er PreRAIEEURN sPUPRANICHIRR & WIRGY Sr(pfi SHPRAME USiNG HIBYItRRROUS h at

80C. During f I . The
resul ti ngﬁsl t&?%@ |s§.§rﬁg§r§§r‘ﬂb£é§r}%ﬁo %qglréﬁgﬁ SIEUan))é ear g?éh(afr o{j Sjtrﬁoﬁ’ 30 was
subj ect ed t o follpvexhipatirect fhuidised ded roatbiyatioy iacaor ding to the details

provided in the inpregnation and vacuum drying protocol in Exanple 1. This
vacuumdried treated material or internediate was directly subjected

This preparation was done by means of a single preparation step: The
step included chemisorption using cobalt hydroxide and impregnation
15  using cobalt nitrate.

In particular, the catalyst was prepared as follows:

Cobalt nitrate solution

20 A cobalt nitrate solution was prepared using Co(NOs)2.6H.O and
Pt(NHs)4.(NO3), resulting in a solution containing 154.4g/l Co and 0.213g/I

Pt. The pH of the solution was adjusted to 3.2 using nitric acid.

Chemisorption/impregnation

25 40g of Puralox SCCa was added to a suspension of 4g of solid
particulate cobalt hydroxide in 57g of the cobalt nitrate solution and 50g
of water. Aqueous slurry phase chemisorption was effected for 30 min at
60°C. During this process the pH of the slurry changed from 6 to 3.5. The
resulting slurry of purple solid material in dark red solution was subjected

30 to impregnation and vacuum drying according to the details provided in the
impregnation and vacuum drying protocol in Example 1. This vacuum
dried treated catalyst support or intermediate was directly subjected to a



WD 2012/ 146950PCT/ 1B2011/ 051876 37 to a fluidi zed bed cal ci nati on step,
according to the follow ng procedure using a continuous air flow of 1.6
dnBn/ m n,wotni2e46950r easi ng the tenperature from 25C t o PEOMBZN11/05G8T6 n and
keeping it at 250C for 6 h. 5 The catal 8t precursor (i.e. after the
chem sorption, inpregnation and cal cination) was activated/reduced to
obtain the catalyst by using the procedure described in Exarrpl e 1, except

that th d t t 75C. 10 XAI\/PLE 11 2 d
G IVKC, ) 2 BHSLBET SESTRUOR Steheoinaap 419 WIOMIG RrOSSSvis B8 Do
PLI 1009 SUDD QS 4 HoWAS! PERA' ﬁﬁ.nomenﬁeﬁebemb%e (Bhidef Ao o0

al umi na support using sinul taneous "15chem sorption~i mpregnati on agueous
slurry phase 2|5f’6riar2é30| Gratdfid/mdinyanthke¢png dvad@IYCdor edt f | ui di sed bed
calcination in air. This preparation was done by neans of a single
preparation step: The step included chem sorption using cobalt hydroxide

and i npr egnatnh@nca@w r&eé@@@F t(;.8] t BAGEthd RhBAISOPUORT imblegnaab@l ared was
prepared as follows:” Cobalt nitrate solution 25 A cobalt nitrate solution

was prepar ed Casinajioos (Wes)actigpteg/readced (tRHabiain th)qatab@hlhy Hgingnthe
| ut 1 e 5328 : fot t
okt et oasPhdiite 38sddy 0 BRiE FOGlecBl bR Bl BARAL' 57

of silica nodérmpechtateunasd78eS. added to a suspensi on of 4g of solid
particul ate cobalt hydroxide in 57g of the cobalt nitrate solution and 50g
of water. Aqueous slurry phase chem sorption was effected for 1h at

10 EXAMPLE 8 —
Preparation of inventive Catalyst 8
A 14.5g Co0/0.020g Pt/100g (modified Puralox SCCa) support catalyst
was prepared on a particulate 1.5g Si/100g Puralox SCCa modified

support using simultaneous chemisorption-impregnation aqueous slurry
15 phase preparation and drying, followed by direct fluidised bed calcination

in air.

This preparation was done by means of a single preparation step: The

step included chemisorption using cobalt hydroxide and impregnation
20 using cobalt nitrate.

In particular, the catalyst was prepared as follows:

Cobalt nitrate solution

25 A cobalt nitrate solution was prepared using Co(NOs;),.6H,O and
Pt(NH3)4.(NO3)2 resulting in a solution containing 154.4g/l Co and 0.213g/I
Pt. The pH of the solution was adjusted to 3.2 using nitric acid.

Chemisorption/impregnation
30 40g of 1.5g Si/100g Puralox SCCa 2/150 modified pre-shaped support

was added to a suspension of 4g of solid particulate cobalt hydroxide in

57g of the cobalt nitrate solution and 50g of water. Aqueous slurry phase



WO 2012/ 146950PCT/ 1B2011/ 051876 38 80C. During this process the pH of the
slurry changed from6 to 3.5. The resulting slurry of purple solid nateri al
in dark rwo?e/s950n was subjected to inpregnati on and PatTuBIM1UNIBTY
according to the details provided in th&4inpregnati on and vacuum dryi ng
protocol in Exanple 1. This vacuum5 dried treated catal yst support or
internmediate was directly subjected to a fluidized bed cal cination step,

di t he .f ol | ow i ti ir fl f 1.6
gy m ne whichEmisRPHat v BREEd1aE AL e el SR 2HOUNES S9BEraESRAN n” and
keeping it a?l—?é@t@efé?ﬁrr?_chan%%%ﬂ%n?é?té"&’@.t Tﬂé%glﬁlﬁﬁg sldrnPor iR séjie

chem sorptio I npregnati on cal cination) was activat'ed/reduced to

obt ai n t he catatkesisl inbganksiedgsaelbtom m@Esesuljectedstor imprdgnatidix angl vwaclpumexcept
that the end reduction.te rature was 375C 15 EXAMPLE. 12 - Co OH 2 and Co
(NO i two c SRS ASORINGTE SohaiiSlneh oviRiZo T8, B Gon PR ADP VACEh yor 12

A 57.79 Og/ 04pflg Br6teBDIN(Bxdmpr MDAiHi$ Qdc@hHmritd) treateBddtalgst &lpsort Was
prepared on a particulate silica nodified alum na support uSing two 20

subsequent s&pRterAetiate MsissEireilyosubiectad itarfeBuidizaideed salsinadignngergnat i on

e cal of nat POROTING, 6 e B8 ARCelie Binge 8' il b fiG%of g™ =
subsequent equal,/minepal@linceasdihg tiep smpaakuretitim i2scCudxb0cBeti1Sormpin on

using cobalt hydroxide and_inpregnation using cobalt nitrate. In
particul ar, ©@RE kespHg/iet %@Ef@%ﬁhed as follows: WD
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The catalyst precursor (i.e. after the chemisorption, impregnation and
calcination) was activated/reduced to obtain the catalyst by using the
procedure described in Example 1, except that the end reduction
temperature was 375°C.

15
EXAMPLE 9 — (Co(OH), and Co(NQO3), in another ratio)
Preparation of inventive Catalyst 9

A 21.2g Co/0.029g Pt/100g support catalyst was prepared on a
particulate silica modified alumina support using simultaneous

20 chemisorption-impregnation aqueous slurry phase preparation and drying,
followed by direct fluidised bed calcination in air.

This preparation was done by means of a single preparation step: The
step included chemisorption using cobalt hydroxide and impregnation
25 using cobalt nitrate.

In particular, the catalyst was prepared as follows:

Cobalt nitrate solution

30 A cobalt nitrate solution was prepared using Co(NOs),.6H,O and
Pt(NH3)4.(NO3)2 resulting in a solution containing 141.2g/l Co and
0.5366g/I Pt. The pH of the solution was adjusted to 2.6 using nitric acid.



Cobalt nitrate solution 1 A cobalt nitrate solution was prepared using
Co(NGB) 2. 6H20 and Pt (NH3)4. (NO3)2 resulting in a solution containing

154. 4g/ | vo 20ri495213g11 Pt. The pH of the sol uti on wasPa@jiByIEBIBT 3. 2
using nitric acid. 5 Cobalt nitrate sol8ion 2 A cobalt nitrate solution
was prepared using Co(NOG3)2.6H20 and Pt (NH3)4. (NG3)2 resulting in a
solution containing 141.2g/1 Co and 0.537g1ll Pt. The pH of the solution was

adjusted to iES usinq.nLtric a%id. 10 Chem i sorption/inpregnation 1In step
1. 40g of si K was added to a suspension of 8g of solid
particul ate aeRabt sMyalriifiey BntiAd vPis bie RPAISUSBEAIBH Bf S0LUDE 8aIdl and

50g of water queous slurry phase chem sorption fecte 15 1h at
80C. During mrtmuﬂﬂtecmﬂmlttmwrpxidefmtm sjfahewo(olaﬁrrghfalterwml@w v0d3BA® The
resul ting slurr urple solid material .in red out'o S

Subj ect od ¢ oo A8 n A BRCs Tk AN o SO BUB0 s G RS eh o B Pl

provi ded &n 76'090' Wrﬁ‘@ﬂ%‘is QﬁbcéégtW@éHLUﬂtﬁé%mg/ EhidHgReOtorB @@@'ﬁel Thi s
vacuumdried treated catal yst support internediate was directl

subj ect ed t oresyliing glureohurpieFelichaatemaldn aark sed solutiog was tshéjeptﬂd owi ng

Cenperat ur e 16 RsERaHo S8R Lato it socbrind B M LBl MebBebHE) 1,5
step 2: 20g ahptéyhativhtasd eaclumatgiingpro@sol id Ekahple ’sumﬂ@wa@uum‘ 49 of
solid particul ate cobalt hydroxide in 32g of the cobalt nitrate solution 2

and 30g of w&ligp tr&@m@cﬁﬁalwhwgp%haé@temeﬁlgter pesdHreRdy Sojededdofor 1 h
at 80C. kyri ‘H@uoﬁﬂéofbﬁi ﬁ?atubh?tﬁg‘téﬁc&ﬁﬂﬁg%%é %IIB@QB&) uiF G§h§a3 5. The

resulting slurry o SO|I erra n clear n 30 was
subj ect ed tocon’pmtexgmaalr(ﬂo\/\mfm Batrmiymith; ywihilg iacreasitignyettenmpeeatdet &ohs

Vacuum dr | 60281 64P BA0RGELr QI Br i kerRal ARG B ekt 1y subj ecied |

The catalyst precursor (i.e. after the chemisorption, impregnation and

15 calcination) was activated/reduced to obtain the catalyst by using the
procedure described in Example 1, except that the end reduction
temperature was 375°C.

EXAMPLE 10 — (Co(OH), and Co(NQO3)> two consecutive impregnations)
20 Preparation of inventive Catalyst 10

A 41.2g Co/0.051g Pt/100g (silica modified alumina) support catalyst

was prepared on a particulate silica modified alumina support using two

subsequent steps each consisting of: simultaneous chemisorption-

impregnation aqueous slurry phase preparation and drying, followed by
25 direct fluidised bed calcination in air.

This preparation was done by means of two subsequent equal preparation
steps: each step included chemisorption using cobalt hydroxide and
impregnation using cobalt nitrate.

30

In particular, the catalyst was prepared as follows:



WD 2012/ 146950PCT/ 1B2011/ 051876 40 to a fluidi zed bed cal ci nati on step,
according to the follow ng procedure using a continuous air flow of 1.6
dnBn/ m n,wotni2e46950r easi ng the tenperature from 25C t o PEOMBZN11/05G8T6 n and
keeping it at 250C for 6 h. 5 The catal 8t precursor (i.e. after the
chem sorption, inpregnation and cal cination) was activated/reduced to
obtain the catal yst by using the procedure described in Exanple 1, except

that the end duct.j on te[\ er;r\ture was 375C. 10 EXAMPLE 13 -simul taneously)
Preparation @Mﬁ%&&&l—o i yst Precursor 13 A 30.4g Ni/100g al unm na
support cat alys¢oieCHiraR $MistidH e\%é?g)r@dbrédp%%mgﬁgdt:?g\ﬁ()%é%éx arfdC 2

support using sinultaneous chem sorption- 151 npre ueous slurry
phase pr epar &t{Nrs)ahdOdryesagiing it baeddtidsycatitaming 1 ab4gdrCd bod 0-283g/br

ase prepar Ri{N)athiOd atdicnycaneeng 2t
oreparati on Segreattol MasOhERTEL el it 3wl BeRhice) *hyar oxi de

and i npregnation 20using nickel nitrate. In particular, the catalyst
precursor was prepared as follows: Nickel nitrate solution 25A nickel
nitrate solu 2using Ni (NOB)2.6H20 resulting in a solution

a
cont ai ni ng 140g m SQrptionki i on. 40, Ru
a- 2/ 150 was éddé%bemo rg% Spsséoﬁ%tf?c%r{n %’lﬁég@@@% ?@'”9 @08\503)2.%%6)( -
Pt(NH3)4.(NO3)2 resulting in a solution containing 141.2g/l Co and 0.537g/I
Pt. The pH of the solution was adjusted to 2.5 using nitric acid.
10

Chemisorption/impregnation

In step 1: 40g of silica modified alumina was added to a suspension of
10g of solid particulate cobalt hydroxide in 57g of the cobalt nitrate
solution 1 and 50g of water. Aqueous slurry phase chemisorption was

15 effected for 1 h at 80°C. During this process the pH of the slurry changed
from 6 to 3.5. The resulting slurry of purple solid material in dark red
solution was subjected to impregnation and vacuum drying according to
the details provided in the impregnation and vacuum drying protocol in
Example 1. This vacuum dried treated catalyst support or intermediate

20 was directly subjected to a fluidized bed calcination step, according to the
following procedure using a continuous air flow of 1.6 dm®,/min, while
increasing the temperature from 25°C to 250°C at 1°C/min and keeping it
at 250°C for 6 h.

25 In step 2: 20g of the ex step 1 material was added to a suspension of 1.6g
of solid particulate cobalt hydroxide in 32g of the cobalt nitrate solution 2
and 30g of water. Aqueous slurry phase chemisorption was effected for
1 h at 80°C. During this process the pH of the slurry changed from 6 to
3.5. The resulting slurry of black solid material in clear dark red solution

30 was subjected to impregnation and vacuum drying according to the details
provided in the impregnation and vacuum drying protocol in Example 1.
This vacuum dried treated material or intermediate was directly subjected



30 particul ate nickel hydroxide in 63g of the nickel nitrate solution and
559 of water. Aqueous slurry phase chem sorption was effected for 20 h at
80C. The woe=niZi4aggos| urry of blue-green solid material POTgBEENOHSTI6LI ON
was WO 2012/ 146950PCT/ 1B2011/ 051876 4138ubjected to inpregnati on and
vacuum dryi ng according to the details provided in the inpregnation and
vacuum dryi ng protocol in Exanple 1. This vacuumdried treatnent cat al yst
support or internpediate s directly subjected to t ar fl ow reactor
ol o5 nat L on. LBy PES BTSN Sery AscpidiadarBe elhyMa euRERIGaus ai
flow of 69 digpidh.a “dtfhubls! 83 HBd td?e1teerﬂnﬁﬁ A S whfiBMrPEadifg S 2 at
10 mn and keepi'ng it at EXAMP %b

and N NGB8 2 $empetaaur@otusny)25mﬁoeawatatoﬂ1°(2a/fn|nrar@hke&mng:at at 950 (14orA 19 29
Col2. 5¢g N|/06 70g Pt/ 100g support catal yst was prepared on a particul ate
silica nodifi al um na support using sinultaneous

chem sor p§i on-i npregnati on aqueous slurry phase preparation and drying,

followed by direct fluidised bed calcination in air. 15 This Breparatl on
was done by rhd@nsalelysh IEaiser df-epaptien die sqh@ﬁ"SqTﬁEO@,t #ppiegoptier and

chemi sorptio t itrate
and ni ckel Q: ﬂ:ﬂ%ngo\pgé p%@%og{egj?ﬂg?j,ﬁcéﬂe cgpgfl ysﬁémgés}afggeg%r gmgs r‘fegl | ows:
Cobal t nit ratpeo@eduuél déscrlbe@ dabd@xantplé r &t exeebtttihan thes gncepadectiorsi ng
Co(NGB) 2. 6H20 and Pt (NH3) 4 gNO3)2 resulting in a solution containing

140. 2g/ | Co MPQ%U@BW%/W Be-. The pH of the solution was adjusted to 2.7
using nigpic acid. Nickel nitrate solution A nickel nitrate solution was
prepared using N (NOG3)2.6H20 resulting in a solution containing 140g/1 N
WO 2012/ 146 9DFMPLB2D1 1 (CHIBHAS ad CoeOs)sar pti on/ i npreqgnati on

Preparation of inventive Catalyst 11

A 26.7g Co/0.070g Pt/100g support catalyst was prepared on a
particulate silica modified alumina support using simultaneous
15 chemisorption-impregnation aqueous slurry phase preparation and drying,

followed by direct fluidised bed calcination in air.

This preparation was done by means of a single preparation step: The

step included chemisorption using cobalt hydroxide and impregnation
20 using cobalt nitrate.

In particular, the catalyst was prepared as follows:

Cobalt nitrate solution

25 A cobalt nitrate solution was prepared using Co(NOs;),.6H,O and
Pt(NH3)4.(NO3)2 resulting in a solution containing 140.2g/l Co and
0.5328g/l Pt. The pH of the solution was adjusted to 2.7 using nitric acid.

Chemisorption/impregnation

30 40g of silica modified alumina was added to a suspension of 4g of solid
particulate cobalt hydroxide in 57g of the cobalt nitrate solution and 50g
of water. Aqueous slurry phase chemisorption was effected for 1h at



40g of silica nodified alum na was added to a suspension of 3.2g of solid
particul ate cobalt hydroxide in 57g of the cobalt nitrate solution and 7g
of the niwkebimistesat e sol uti on and 50g of water. Aqueou®CIlBIOYyOfIBAESE 5
chem sorption was effected for 18 h at 889C. The resulting slurry of purple
solid material in dark red solution was subjected to inpregnation and
vacuum dryi ng according to the details provided in the inpregnation and
vacuum dryi ng, protocol in Exanple 1. This vacuumdried treated catal yst
sipport or 1 B0brut e ERe fiq pHehsfe SRR Tged B e fod 0

cal ci nati on i i ¥ ioHSy | nuous
T T ow of LB B S L K PG o B e T 250c
at 1C/ mi n ando kepfsigngtion aatd v280aT diyirg) &ccordingdatié getailprsavidedin {he e.

f h hem . ' ' d lCi '
act Lvat o 1 odlibw RIS ot FBERNCabARY BPOiYEF Flte ol et i bea

in Exanpl § 1drig¥ceddted atal QGSLﬁﬂfbrf ef itbiraddibRIMREad i clly Veubjebfed-to a
EXAMPLE 15 - (Co( z and Ni (DA and Co 1\ (:3,3),2 sinultaneously)
20Pr epar at i ofiuisfizethbes caiginatignatgrtacoerding 10 thgfatleminggradedoreusiggm / 100g

e . it o E :
Supnort cat Al RE B S B AR Wk Beak oche TRRE AU R "2 e
preparati on 250CdoR500C dtalFConedarky kekping it 4tI250dCsed6hed cal ci nation in

air. 25 This preparation was done by neans of a single preparation step:
The step included chem sorption using cobalt hydroxi de and ni ckel hydroxide

d i ti ' i 0 1 Q51876 43
Cobal t Py arceagHEle sieadr 1.bY Maffer 1t ARMfeckBhd Phoretiation Al
Co( NCB) 2. 6H2@atuirthtien) NvB3 AadtiNaR)Z-edesed tongbiain ahe otatalysh byonsimignitrey

140. 2g1l Co and 0,5328g/1 Pt. Th H of the sol utjon S adjusted.to 2.7
Usi ng i t 1§ c PASRRUTS EReeHEehiBt EXAMAIG: barbacebh habgl6r S BN 1| ed
al um na was agldpdrdtGreawasspensi on of 3.2g of solid particulate cobalt
hydr oxi de and 1.6g of solid particulate nickel hydroxide in 57g of the

cobalt nitrate solution and 50g of water. Aqueous slurry
15 EXAMPLE 12 — (Co(OH), and Co(NOs), in two consecutive

impregnations)

Preparation of inventive Catalyst 12

A 57.7g Co/0.06g Pt/100g (silica modified alumina) support catalyst was
prepared on a particulate silica modified alumina support using two
20 subsequent steps each consisting of simultaneous chemisorption-
impregnation aqueous slurry phase preparation and drying, followed by

direct fluidised bed calcination in air.

This preparation was done by means of two subsequent equal preparation
25 steps: each step included chemisorption using cobalt hydroxide and

impregnation using cobalt nitrate.

In particular, the catalyst was prepared as follows:

30



10 phase chem sorption was effected for 18 h at 80C. The resulting slurry
of purple solid material in dark red solution was subjected to inpregnation
and vacuuwwoanngsaccording to the details provided in Pro@mBmreysat i on and
vacuum drying protocol in Exanple 1. Th88 vacuumdried treated catal yst
support or internmediate was directly subjected to a fluidized bed 15

cal cination step, according to the follow ng procedure using a continuous

air flow of nBn/mn, while increasing the tenperature from 25C to 250C

at 1C/ mn an@’%@iﬁi—&%ﬁi—%ﬂ—r‘w OMEOC for 6 h. The catal yst precursor (i. .

after the chegm I Qfat | t\IN Cysi §
SSBAM | Qftatd "R ng Pé’% 8dCysHgath %)X"g 20

activated/reduced to obtain t ata y usingthe ure SCI’I bed
in Exanple 1 Pté\iddﬂp(N@hhtresmiBn@mdarmtmmn wntammgaﬁéédgél C\‘mand'ﬂSZ:l 3g/l
EXAMPLE 16 - taneo 5Preparation of
Cvent ve Cafdl YOE Abor e PutnEs drs do ey wndGUTe Bhishor t cat al yst vs
prepared gn a particulate silica nodified alum na support usi ng

si mul taneous chem sorptl on-inpregnation aqueous slurry phase prepar ation
and dryin fI UI di sed bed calcination in air.

2012/ 146950PGT/ 7 pre S

singl e prepagt %&%aqé%agggerh%lé ep | 80%‘25@ %g'n$p98®lr6ﬂ§| ng Or%wqo

hydr oxi de an@tmmmmomrrewdﬂg and sdmrcﬁgdj@rttamngMngMImbhdm 53&§/e. 5In
particul ar, the_catalyst was prepared as follows: Cobalt nitrate sol ution

A cobal t ni t Fdt dNedMhof Bie sidlion wagrasiusied F@;Zé)%'mﬁﬂr@ﬁ?@ and

Pt (NH3) 44NGB) 2 resulting in a solution containing 140.2gll Co and

100. 5328gll Pt. The pH of the solution was adjusted to 2.7 using nitric

aci d. Chem i Qhemisorptiombmpgeatdton 40g of silica nodified al um na was added

to a suspension, of 3 solid art cul ate cob ydr oxi de. an
ol 10" nangandeadR b 45 &8 SikeymoaRE T et aaten ¢ ARBReB oM Srfthnd S0g
of water. AQ'&%Bﬁd %)laHTquatB%‘b%lt%%ﬁ@éﬁﬁ '5‘72 Wﬁﬁweeéétf‘é]i ﬁﬂafcé)%oljcﬁoﬁ qat 80C.

The resulting slurry of purple solid materi In dark red sol ution was
subj ect ed t o anapdQgreftwater afduescasiurdy phage auhemlwrpgom avasheffeliedifos

provi ded n the_jgps€g tlon and vacuum dryi r oco 1. This
Dacuum diPed 0 2ufBs R 1 ra G W B TuEY Thenbed BT 1
subjected tog3asf |TWedﬂeé@ﬁ|n@6§iuﬁ9|d¥lwu@[blleosﬂ)lléltrﬁﬁteri@ﬂlﬂﬁ)ddrm%d golubien fvidd OWI ng
procedure usi ng a continuous air flow of 1.6 dnBn/mn, while increasing the

t enperat ure BSHBIRCEEC® dMPseanationt engi YﬁW IsKipOnacearding sl fdataits h.
25The catal ysf,REES YA SRE ifbrégnatbheind NacGi S P bFRBeol' HPELSARN 9N and

This vacuum dried treated catalyst support intermediate was directly

20 subjected to a fluidized bed calcination step, according to the following
procedure using a continuous air flow of 1.6 dm>,/min, while increasing the
temperature from 25°C to 250°C at 1°C/min and keeping it at 250°C for
6 h.

25 Instep 2: 20g of the exit step 1 material was added to a suspension of 4g
of solid particulate cobalt hydroxide in 32g of the cobalt nitrate solution 2
and 30g of water. Aqueous slurry phase chemisorption was effected for
1 h at 80°C. During this process the pH of the slurry changes from 6 to
3.5. The resulting slurry of black solid material in clear dark red solution

30 was subjected to impregnation and vacuum drying according to the details
provided in the impregnation and vacuum drying protocol in Example 1.
This vacuum dried treated material or intermediate was directly subjected



cal cination) was activated/reduced to obtain the catal yst by using the
procedure described in Exanple 1, except that the end reduction tenperature
was 375C.wowm2234950146950PCT/ 1B2011/ 051876 45 EXAMPLE 1PCT/IB10B518T6 Co ( NO
2 on Zr02 Preparation of inventive Cata#i§st 17 A 26.6g Co/0.070 Pt/ 100g
zirconiun(lV) oxide support catalyst was prepared on a particulate Zr02
(from Acros Organics of p a quality (98%5 Zr02)) support using

si mul t aneous ,chem sor t natj on a us sluyurr hase aration
S o oS I TR b el 1B cRatied, 161 H: DAOWIG afdeeBire T o
prepar ation \@hdlonecdntiniBags ap! i ﬂéwS'dfrgHea RARRATA,! Whilg! %reéfé]ﬁ%lﬂﬁi ep

i ncl uded chem sorption using cobalt hydroxide "and i npregnati on Usi ng cobalt
nitrate. In rb@mperajlwwrfrotrh%‘@ttalw Cwais1{c/oparadl ksepiog livak 2508Cdbml t
nitrate sol u§| A cobalt nitrate solution was prepared using

Co( NCB) 2. 6H2 r%{nd Pt (NH3)4. (NGB) 2 resulting in a solution containing
140.2g/1 &o and 0.5328gll Pt. The pH of the sol uti on was adjusted to 2.7
using nitric_acid. 20 Chem sorption/inpreqgnation 0g of Zr02 was added to
a suspensi on b€ ggtabrst Suerdrspar(f ECuﬂﬁ@@tr@ﬂ)@@pfn|W@t|@&,l trapiegngtigh AAnd he

Chen sorpt 1 ool AleE o oqlBod in OORER e tateliy M BSng e 11 gne

pi nk sol i d mpretddurei des@tberblint Examps $sulheepedhae B igner egdattiom and
vacuum dryi ng accordi ng to the details provided in the inpregnation and
vacuum dryi nge’BPS'EQ%r& WaH 3ERdepl e 1. This vacuumdried treated catal yst
support g internmediate was directly subjected to a fluidized bed
calcination step, according to the foll ow ng procedure using a continuous
air flow of EXAMREBE/ 18 A (NfiH)e endti(@s) rsimultendorshor at ure from 30 25C to

2 1 i k i 2 h
50C at Omﬁ}eggr%tioﬁ%?" |ve%tatal\5/gtq3recursor13

A 30.4g Ni/100g alumina support catalyst precursor was prepared on a

particulate Puralox SCC a support using simultaneous chemisorption-
15 impregnation aqueous slurry phase preparation and drying, followed by

direct tubular flow reactor calcination in air.

This preparation was done by means of a single preparation step: The

step included chemisorption using nickel hydroxide and impregnation
20 using nickel nitrate.

In particular, the catalyst precursor was prepared as follows:

Nickel nitrate solution

25 A nickel nitrate solution was prepared using Ni(NO3)..6H2O resulting in a

solution containing 140g/l Ni.

Chemisorption/impregnation

40g of Puralox SCC a-2/150 was added to a suspension of 8g of solid
30 particulate nickel hydroxide in 63g of the nickel nitrate solution and 55g of
water. Aqueous slurry phase chemisorption was effected for 20 h at 80°C.
The resulting slurry of blue-green solid material in green solution was



WO 2012/ 146950PCT/ 1B2011/ 051876 46 The catal yst precursor (i.e. after the
chem sorption, inpregnation and cal cination) was activated/reduced to

obt ai n t ocat2al4ysd by using the procedure described i nPEXARpie01876ex cept
that the end reduction tenperature was 8Y¥5C. 5 EXAMPLE 18 - Cu OH en Cu
(NO 2 on Zr02 Preparation of inventive Catal yst Precursor 18 A 19g Cu/ 100g
zirconium(1V) oxide support catal yst precursor was prepared on a

particulate Zr02 (from Acros ani gs of p.a qualit 98% 10 Zr ) support
Do ho”si il t sHemsted R imBisaraton: Phar il g, aore g fa yhaideats
preparation i Ii f-I%m%q- Yool K86t il diheH i i j @n in
air. Thi s redéaiéd’at”?g?\evlv@g lr oneloﬁyar?%z\aﬁgu%r;n gﬂygii%gfbéggge@:%g%rﬁg% qs)t ep: The
15st ep i ncl uddws gheutirs griedi toeatosing gatalygieaupppdr axintkrmediatenpas dimectiyon usi ng
copper nitrate,. | rticular, the catalyst precursaor.wa repared as

fol lows: 20050pisctsH 16 2 EDUBr o Fedctotedipiptia: Peearoind ™ s dla¥nd epar ed
usi ng Cu( 5B plodddiie RMY Bi dthtinliogs S AGWAST 6P @k i Rdhilk4Berdasiag tHehem

i sorption/inpregnation 25 40g of Zr02 was added to a suspension of 4g of
solid parti cléraperatdigpipmydioie &3 #3l°@Mmia ansekeeppearit at 8ratle faol uti on
and 50g of fer. Aqueous slurry phase chem sorption was effected for 18 h
at 80C. The resulting slurry of light blue green solid material in blue

sol ution was subjected to inpregnation and vacuum dryi ng. WO

2012/ 146950PCT/ 1 LE 19 OF(1) er2)? |
eci ci shel | c&Zdl 2 aad Qs Skpulianeouslyy

10 Preparation of inventive Catalyst 14

1032 -

e

A 19.2g Co/2.5g Ni/0.070g Pt/100g support catalyst was prepared on a
particulate silica modified alumina support using simultaneous
chemisorption-impregnation aqueous slurry phase preparation and drying,
followed by direct fluidised bed calcination in air.
15

This preparation was done by means of a single preparation step: The
step included chemisorption using cobalt hydroxide and impregnation
using cobalt nitrate and nickel nitrate.

20 In particular, the catalyst was prepared as follows:

Cobalt nitrate solution

A cobalt nitrate solution was prepared using Co(NOs)..6H.O and
Pt(NH3)4.(NO3)2 resulting in a solution containing 140.2g/l Co and
25 0.5328g/l Pt. The pH of the solution was adjusted to 2.7 using nitric acid.

Nickel nitrate solution

A nickel nitrate solution was prepared using Ni(NOs)..6H2O resulting in a
solution containing 140g/l Ni
30



A 7g Co/0.030 Pt/100g support catalyst precursor was prepared on a Al 4505
T118 preshaped support using simultaneous chem sorption- 5inpregnation
aqueous sworo/phwse preparation and drying, followed bycailBmat/ofBw di sed
bed calcination in air. Thi s preparat#4®dn was done by neans of a single
preparation step: The step included chem sorption using cobalt hydroxide
and inpregnation 10using cobalt nitrate. In particular, the catal yst

precursor wa re ar?.d s follows: Cobalt nitrate solution 15 A cobalt
nitrate sol uM@M@E@%M@ng Co( NOB) 2. 6H20 and Pt (NH3) 4. ( NCB) 2
resulting in sgf uifid cﬁﬁg Lo . pH of
the soluti on4$gsegglj}|%és)rr] e {oﬁglggﬂﬁasi%ﬁég% a?n(?{érdi tgoaagﬁq%?é}]cﬁiggébgpbf AR

i sor ption/ i mpadipuwatemobatydogxidé inb7g50RthE nodaltamtratédeiutian anddgpehsi on of

0. 5g of soli articulate cobalt hydroxide.in 259 gf the cgbalt nitrate

ol ot on and OG e pt ol SERchs A1 9 n el SsuistisrShay et ed 1 or
18 h at 8§C. chBmissptibh wWag &detéy i1 akspwr pireecebariag shabl 6t surpie dar k
red clear solution was subjected to inpregnati on and vacuum-dryi ng

accor di ng t osolié matesial dn 2uarkr tog geWtiph whe suhiR@ed ol BAPregnatier |ANd dryi ng

protocol in e, 1. Thi u ried.tr . t

Pt er modi at o ad0s ol geifocth®t askis MBHaEeaR o XPhudtRBh
accor di ng t o vabgumadryig proteuod ore Bxampls i NdT s GaBLiLmuUdrisd reatell evalght 1. 6
dnBn/mn, while increasing the tenperature from25C to 250C at 1C/ m n and

keeping it aBUPBOE Phr inseiERedialgp wes oditegyscdigcieR oo/ a5 igidizess edavPLE 20
- Co(OH) 2pan . i j g?&%e t { S
pl ati num:[:0 Pr gsg‘rﬂf’:‘a}@gn&%p ?ﬁ%}ﬁﬁ@i? @t@?@?{gz Egeg%&@ 0? @Egﬁ&ﬁow
support sl urmyr fibvase t.at dinygmivashibe épaeasingrthd tenperéiuce fiecne 25°0 ta
nodi fied al ug_na.suppart. usi sequential .chenj sorption-inpregnation
aqueous sl ur %Bp@l&gg gé@ﬁ‘aﬁ’ﬁjg%%)'%& %Q%Oné?o%ﬁ owed by direct fluidised
bed calcination in air.
The catalyst precursor (i.e. after the chemisorption, impregnation and
15 calcination) was activated/reduced to obtain the catalyst by using the
procedure described in Example 1, except that the end reduction
temperature was 375°C.

EXAMPLE 15 — (Co(OH)> and Ni(OH)>» and Co(NQOs3), simultaneously)
20 Preparation of inventive Catalyst 15

A 19.2g Co/2.5g Ni/0.070g Pt/100g support catalyst was prepared on a
particulate silica modified alumina support using simultaneous
chemisorption-impregnation aqueous slurry phase preparation and drying,
followed by direct fluidised bed calcination in air.

25
This preparation was done by means of a single preparation step: The
step included chemisorption using cobalt hydroxide and nickel hydroxide

and impregnation using cobalt nitrate.

30 In particular, the catalyst was prepared as follows:



Thi s preparation was done by neans of two preparation steps: The first
10preparation step included chem sorption using cobalt hydroxide, while the
second preparefi4easost ep i ncl uded i npregnati on usi ng cob&CT/IR2011/631876 | n
particular, the catalyst was prepared a43foll ows: 15Cobalt nitrate sol ution
A cobalt nitrate solution was prepared using Co(NO3)2.6H20 and

Pt (NH3)4. (NOG3)2 resulting in a solution containing 140.2g/1 Co and

0. 2664911 Pt. h of the solution was adjusted to 2.7 using nitric acid.
20 Chemi sor ptd / 40g of silica nodified alum na was added to
a suspension pof¢ &%a?tg rﬂfrai%ar%dlﬁt‘tﬂrﬁt\ﬁa@ ;SarBMdru% ﬁ%bﬂ\l E'%I-Bb WeHer - The
resulting slurry . Aqueous slurry phase m sorption was

effected for Pledfﬂs)a(N%)@ reaulilrir@ thhias mlott@mcorhtelrmg s14Rg/|d€er eargked to 5.
The water | ayeg t fromthe mxture, .and after hree vvashl ngs
W th et er LSRRG T Bl e AT T ddiiGe.4%s Bhing nikied The
resul tant5treat ed catal yst support or internediate materi al from

chemi sorption was subjected to the follow ng cobalt/platinuminpregnation
30and cal ci n&hempisermtion/impregnationcheni sorbed material and 47. 7ml of the

and vacuum aroong U Betie OB R KT by AR g IR
details pr owpdetﬁfbulaitetdmmtr‘rgrde@ndé iaoid BBg vhsolidpdrticurzge picked b9droxide=xanpl e

1. This vacuumdried internediate was directly subjected to a fluidized bed
cal ci nat i on 1 f9 K dbe fobgltiytrateeselyt '@'@)\ﬂ”&‘i’&%@ o@EM@t%r ubIHEOYS SHAEY nuous

i Lovar bracduABhdinId i dEsaR R b AP el¢ TR RAURGIGH) FC Lo

250C at mn an g it at tal recursor (i.e.
after the ch@mrmersnhdonmaterrqbnegimk|red sanaWasnalbwmtﬁdWaampregnatlon

acti vat ed/reduced to obtain the by .usi n he 1 procedur e. descri bed
o Bl e 1 aNgagyns Raing rocaring Do catails prodided’in PR RiErEghSiion

and vacuum drying protocol in Example 1. This vacuum dried treated
catalyst support or intermediate was directly subjected to a fluidized bed

15 calcination step, according to the following procedure using a continuous
air flow of 1.6 dm>,/min, while increasing the temperature from 25°C to
250°C at 1°C/min and keeping it at 250°C for 6 h.

The catalyst precursor (i.e. after the chemisorption, impregnation and

20 calcination) was activated/reduced to obtain the catalyst by using the
procedure described in Example 1, except that the end reduction
temperature was 375°C.

EXAMPLE 16 — (Co(OH)> and Mn(OH)> and Co(NQO3)> simultaneously)
25 Preparation of inventive Catalyst 16

A 19.2g Co/dg Mn/0.070g Pt/100g support catalyst was prepared on a
particulate silica modified alumina support using simultaneous
chemisorption-impregnation aqueous slurry phase preparation and drying,
followed by direct fluidised bed calcination in air.

30



tenperature was 375C. EXAMPLE 21 - Co(OH)2 and Co 1\(_,:3,3)2 in
succession no platinum Preparation of inventive Catalyst 21 15 A 20g

Co/ 100g swipporti46®bal yst was prepared on a particul ate eCriBz1vodBfd ed

al um na support using sequential chem sé4ption-inpregnation aqueous slurry
phase preparation and drying, followed by direct fluidised bed calcination
inair. 20 This preparation was done by neans of two preparation steps: The
first preparagtion step.included chem sorption using cobalt hydroxide, while
e’ second pIlUmPIRAERIAE S5 AENs JouNSRsPeahar$ DU B dlashbiem Mt o 1
particul ar, s GRS EndRBORSIRAALSRAGASIM htiexideSar@ PRkl Hyélfo%cﬁa
solution A cobalt nitrate solution s prepared using Co(NG3) 2. 6H20

resul ting i naadsoipnegraiionorgiag nobat ad@teg/ | Co. The pH of the solution was
adjusted to 2.7 using nitric acid. WD 2012/ 146950PCT/ 1B2011/ 051876 50 Chem
i sorption/inpregnation 40g of silica nodified alumna was added to a
suspensi oy Oﬂnéaﬁ&uﬁﬁ,ﬂﬂ?&ﬂéNbﬁWQsEﬂﬂﬁh@dQ%dbmﬁhﬁe in 90m of water. The
resulting slurry had a pH of "7.5. Aqueous slurry phase chem sorption was
effected for 18 h at 5 80C. During this process the pH slowy decreased to

5. The wat er r.. ed fromthe m xture, and after three washings
wth water, gbaft n 5%? t%Hd product was dried at 40 nbar and 80C. The
treated cat alpystolsapptitrateorsdlutict nwds atpeeparear iLding rooiNGOHEBEROPtare 10was
subj ected to the follow ng cobalt/platinuminpregnation and cal ci nation

step: 30.0g SHNADmMNGelsedestitng i B antPlufoyngoBRine t8haot /o rai%
solutionqg .5328g/ Pt. The pH of the solution was adjusted to 2.7 using nitric acid.

Chemisorption/impregnation

40g of silica modified alumina was added to a suspension of 3.2g of solid
particulate cobalt hydroxide and 2.7g of solid manganese hydroxide in

15 579 of the cobalt nitrate solution and 50g of water. Aqueous slurry phase
chemisorption was effected for 18 h at 80°C. The resulting slurry of purple
solid material in dark red solution was subjected to impregnation and
vacuum drying according to the details provided in the impregnation and
vacuum drying protocol in Example 1. This vacuum dried treated catalyst

20 support or intermediate was directly subjected to a fluidized bed
calcination step, according to the following procedure using a continuous
air flow of 1.6 dm>,/min, while increasing the temperature from 25°C to
250°C at 1°C/min and keeping it at 250°C for 6 h.

25 The catalyst precursor (i.e. after the chemisorption, impregnation and
calcination) was activated/reduced to obtain the catalyst by using the
procedure described in Example 1, except that the end reduction
temperature was 375°C.

30



wer e subjected to aqueous slurry phase inpregnation and vacuum dryi ng
according to the details provided in the inpregnation and vacuumdrying 15
prot ocol wo2BKampdse 1. This vacuum dri ed internedi at e WeRETAB2BLDI1$76
subjected to a fluidized bed cal cinati o#5step, according to the foll ow ng
procedure using a continuous air flow of 1.6 dnBn/mn, while increasing the
tenperature from 25C to 250C at 1C¢ mn and keeping it at 250C for 6 h. 20
The cat al yst : chem arption, inpregnation and

cal ci nati on) EAGMELE, S8 ¢ catal yst by using the
procedure deﬁég%ﬁoh%fﬁ%%ﬁﬂbécjatalgé gpt that the end reduction tenperature
was 375C. 25 aracterltsation of catal yst precursors versus
conpar ati ve dat28lggt C]o/OQZthPia’éO@gl zmoniﬂm(m) oldzje Bdlpaor.l d&alyst avaest ed

for Fi scher-Tropsc nt he nce usi n has The
ol ow mo-F DLRERE0 Sy BTNl 7 RO P AR I Gty A% ¢ o mea:
React or tsmperal )% ﬁﬁﬁﬁ §tht Qlfnufl'traﬁ%%Q:h?anﬂ%rptlmlmpr?_%natlon aqueous
2012/ 146950PCT/ 1B20 0518 Cat al yst i nventor conver si on

y
H2: CO i nl et SANO W@@npferﬁaé@ﬁlﬁl anda Gliying, dellowey doy direct fluidised bed
calcination in air.

This preparation was done by means of a single preparation step: The
10 step included chemisorption using cobalt hydroxide and impregnation
using cobalt nitrate.

In particular, the catalyst was prepared as follows:

15 Cobalt nitrate solution

A cobalt nitrate solution was prepared using Co(NOs)..6H.O and
Pt(NH3)4.(NO3)2 resulting in a solution containing 140.2g/l Co and
0.5328g/l Pt. The pH of the solution was adjusted to 2.7 using nitric acid.

20 Chemisorption/impregnation

40g of ZrO, was added to a suspension of 8g of solid particulate cobalt
hydroxide in 57g of the cobalt nitrate solution and 50g of water. Aqueous
slurry phase chemisorption was effected for 18 h at 80°C. The resulting
slurry of light pink solid material in red solution was subjected to
25 impregnation and vacuum drying according to the details provided in the
impregnation and vacuum drying protocol in Example 1. This vacuum
dried treated catalyst support or intermediate was directly subjected to a
fluidized bed calcination step, according to the following procedure using a
continuous air flow of 1.6 dm>/min, while increasing the temperature from
30 25°C to 250°C at 1°C/min and keeping it at 250°C for 6 h.



50 - 65 (:)/0 1.6:1 15 vol. (:)/0 As all FT conditions were the sane, the
relative FT activity was determ ned by calculating the FT activity of each
cat al yst WO 20/ @660 converted/ g catal ysts and nmade rel aPCY4B201/08Rar at i ve
catal yst 1(see Table 1). 10 Catal yst 4,4@s prepared in accordance with the
i nvention using cobalt hydroxide for the chem sorption and cobalt nitrate
for the inpregnation, had a rel atively 19 (:)/0 | ower cobalt | oading and
showed an actjvit onpar abl e to cat t 1, which was epar b si ng
cobalt nitr a6 FHEBRMEadses e PIEY dimaneBHEGPER, rR@oReR Aot | on
condi tions agaRGsh egg@gi r a wth
the inventi o%aum ngng ?;Hhi%[r oXi qu?%rt%t og{%érpéﬁgg%?ge/bgr@;%gfngogﬁt
nitrate for pmcedweeQQamrlbﬁd, ia0 Exachpde r &) apicept ythab the) /emdhirgtectiarobal t

| oadi ng and howedtan act ;\}FL(}(‘ of 34 (:)/0 higher than catalyst 1, which
was prepared %’VPEE’% W& ¥gh itrate in two successive inpregnation steps,
under thesreaction conditions as described above. 25Catal yst 10, as
prepared in accordance vvlth t he |nvent| on u5| ng cobalt hydroxide for the
cheni sor pt i ofeXMP, Clzlrss i &dpation but in a different

8! y
rati o conpar kel ing a higher Co(G—l)Z
| oadi ng. At He rtt' quﬁy”wgd:g{ 'g E‘ bt )0 (MM (i.e. a 46%
hi gher cobal tA M@gdi @gy100di &urcah@h)(w) @hmeéugporaccatwytsy p@éc@@o( wdd) hi gher
t han 30conparative catal yst 1, under the reaction conditions as described

above. WO Z@IW@EQQQB"Dﬁ(ﬁ@%%@ﬂl@&é?@nﬁcr@tQf%l'clef Pes ARldp4PE® i n

accordan Wi t

prepar at ?gn szftrgﬁ)g%sddr%pg%@% IHﬂJ %r 899%%@%?%25 M%ré%%gﬁ”oﬁﬁaﬁ cobal t
nitrate for tshﬂfry rnhaegnatepmmatrcnrswrtd aigying, dollovggd dobairect daddised (K881 6 (:)/0
(mMm; i.e. 3% her cobalt loading) and 5 showed an activity of 17
(:)/0 hi gherclEl Hlegfst 1, which was prepared by using cobalt nitrate in
two successive |npregnat|on steps, under the reaction conditions as

descri bed above.
This preparation was done by means of a single preparation step: The

15 step included chemisorption using copper hydroxide and impregnation
using copper nitrate.

In particular, the catalyst precursor was prepared as follows:

20 Copper nitrate solution

A copper nitrate solution was prepared using Cu(NO3),.6H,0 resulting in a
solution containing 140g/l Cu.

Chemisorption/impregnation

25 40g of ZrO, was added to a suspension of 4g of solid particulate copper
hydroxide in 63g of a the copper nitrate solution and 50g of water.
Aqueous slurry phase chemisorption was effected for 18 h at 80°C. The
resulting slurry of light blue green solid material in blue solution was
subjected to impregnation and vacuum drying.

30



Catalysts 2 to 11 and 13 to 16, as prepared according to the invention 10
showed a hi gher dispersion of snmaller cobalt crystallites conpared to the
convent i omal2biz/@sewpar ed cobalt nitrate-only inpregnat edPcatiB2ogs51876 Thi s

I mproved dispersion is denonstrated by #4he XRD crystallite size, as shown
in Table 1. In addition, these catalysts had i nproved cobalt surface areas
as denonstrated by conparing the Hydrogen Adsor ption Capacity (HAC) 15 data
(see al so Tahle h HA he quantity of hydrogen
(in m/g of : S € eduction of the
cobalt. The ¢xp éﬂa@fgﬁtofllrﬁ,etp,g(,é@ Sﬂ Précﬁl‘ﬁﬁ 1@ ages 1) reduction of the
cobalt, 2) saturation o € reauc catal yst with hydrogen and 3)

desorpti on ofA YQ\er&Qi@%E’MOﬁgesumort nahaﬂysatpmpih@rrwas poepargd©rt® AD 350C.

TABLE 1: OonL b cont cobal t / net al oxi d stal |hl te si and
rel ative Fi sCRP bso?{eﬁlgﬁﬂedac:?w?‘?@ H5NG: aPYED Edstc? ?E”'Soréﬁf)?h yst
Met al consenﬁrnFréynalt@h juaNsILiIFYKphad’DpFetsdratidn t&dsd%ﬂw@ffo%w@@ By ecur sor

prior to reduction drogen adsorption capacity [ni /9] Relative FT
activity 1 (@I@’@pyﬂlgglsgg bgdgcalcination in air.

A

— ._"n a

This preparation was done by means of a single preparation step: The
step included chemisorption using cobalt hydroxide and impregnation
10  using cobalt nitrate.

In particular, the catalyst precursor was prepared as follows:

Cobalt nitrate solution

15 A cobalt nitrate solution was prepared using Co(NOs),.6H,O and
Pt(NH3)4.(NO3)2 resulting in a solution containing 140.2g/l Co and
0.5328g/l Pt. The pH of the solution was adjusted to 2.7 using nitric acid.

Chemisorption/impregnation
20 40g of Al 4505 T1/8 was added to a suspension of 0.5g of solid
particulate cobalt hydroxide in 25g of the cobalt nitrate solution and 50g

water. Aqueous slurry phase chemisorption was effected for 18 h at 80°C.
The resulting slurry of pink purple colored tablets in dark red clear solution
was subjected to impregnation and vacuum drying according to the details
25 provided in the impregnation and vacuum drying protocol in Example 1.
This vacuum dried treated catalyst support or intermediate was directly
subjected to a fixed bed calcination step, according to the following
procedure using a continuous air flow of 1.6 dm>,/min, while increasing the
temperature from 25°C to 250°C at 1°C/min and keeping it at 250°C for
30 6h.
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EXAMPLE 20 — Co(OH)> and Co(NO3), in succession as for Example 3

but using less platinum

Preparation of inventive Catalyst 20

A 20g Co0/0.035g Pt/100g support slurry phase catalyst was prepared on
5 a particulate silica modified alumina support using sequential
chemisorption-impregnation aqueous slurry phase preparation and drying,

followed by direct fluidised bed calcination in air.

This preparation was done by means of two preparation steps: The first
10 preparation step included chemisorption using cobalt hydroxide, while the

second preparation step included impregnation using cobalt nitrate.

In particular, the catalyst was prepared as follows:

15 Cobalt nitrate solution

A cobalt nitrate solution was prepared using Co(NOs)..6H.O and
Pt(NH3)4.(NO3)2 resulting in a solution containing 140.2g/l Co and
0.2664g/l Pt. The pH of the solution was adjusted to 2.7 using nitric acid.

20 Chemisorption/impregnation

40g of silica modified alumina was added to a suspension of 3.2g of
particulate cobalt hydroxide in 90ml of water. The resulting slurry had a
pH of 7.5. Aqueous slurry phase chemisorption was effected for 18 h at
80°C. During this process the pH slowly decreased to 5. The water layer
25 was decanted from the mixture, and after three washings with water, the

purple colored product was dried at 40 mbar and 80°C.

The resultant treated catalyst support or intermediate material from

chemisorption was subjected to the following cobalt/platinum impregnation
30 and calcination step:

30.0g ex chemisorbed material and 47.7ml of the cobalt nitrate solution

were subjected to aqueous slurry phase impregnation and vacuum drying
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according to the details provided in the impregnation and vacuum drying
protocol in Example 1. This vacuum dried intermediate was directly
subjected to a fluidized bed calcination step, according to the following
procedure using a continuous air flow of 1.6 dm>,/min, while increasing the
temperature from 25°C to 250°C at 1°C/min and keeping it at 250°C for
6 h.

The catalyst precursor (i.e. after the chemisorption, impregnation and
calcination) was activated/reduced to obtain the catalyst by using the
procedure described in Example 1, except that the end reduction
temperature was 375°C.

EXAMPLE 21 — Co(OH), and Co(NOs3). in succession, no platinum
Preparation of inventive Catalyst 21

A 20g Co/100g support catalyst was prepared on a particulate silica
modified alumina support using sequential chemisorption-impregnation
aqueous slurry phase preparation and drying, followed by direct fluidised

bed calcination in air.

This preparation was done by means of two preparation steps: The first
preparation step included chemisorption using cobalt hydroxide, while the
second preparation step included impregnation using cobalt nitrate.

In particular, the catalyst was prepared as follows:

Cobalt nitrate solution

A cobalt nitrate solution was prepared using Co(NO3)2.6H20 resulting in a
solution containing 140.2g/l Co. The pH of the solution was adjusted to
2.7 using nitric acid.
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Chemisorption/impregnation

40g of silica modified alumina was added to a suspension of 3.2g of
particulate cobalt hydroxide in 90ml of water. The resulting slurry had a
pH of 7.5. Aqueous slurry phase chemisorption was effected for 18 h at
5 80°C. During this process the pH slowly decreased to 5. The water layer
was decanted from the mixture, and after three washings with water, the

purple colored product was dried at 40 mbar and 80°C.

The treated catalyst support or intermediate material from chemisorption
10 was subjected to the following cobalt/platinum impregnation and
calcination step:
30.0g ex chemisorbed material and 47.7ml of the cobalt nitrate solution
were subjected to aqueous slurry phase impregnation and vacuum drying
according to the details provided in the impregnation and vacuum drying
15 protocol in Example 1. This vacuum dried intermediate was directly
subjected to a fluidized bed calcination step, according to the following
procedure using a continuous air flow of 1.6 dm>,/min, while increasing the
temperature from 25°C to 250°C at 1°C/min and keeping it at 250°C for

6 h.

20
The catalyst precursor (i.e. after the chemisorption, impregnation and
calcination) was activated/reduced to obtain the catalyst by using the
procedure described in Example 1, except that the end reduction
temperature was 375°C.

25

EXAMPLE 22 —

Characterisation of catalyst precursors versus comparative catalyst 1
Catalysts 1, 4, 5, 10, 12, 14 and 15 were tested for Fischer-Tropsch
synthesis performance using a slurry phase CSTR. The following Fischer-

30 Tropsch synthesis reaction conditions were maintained:
Reactor temperature : 230°C
Reactor pressure : 17 bar
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Catalyst inventory : ca. 10g
(H2 + CO) conversion : 50 -65 %
H2:CO inlet ratio : 1.6:1
Argon internal standard 15 vol. %
5

As all FT conditions were the same, the relative FT activity was
determined by calculating the FT activity of each catalyst as mole CO
converted/g catalysts and made relative to comparative catalyst 1(see
Table 1).
10
Catalyst 4, as prepared in accordance with the invention using cobalt
hydroxide for the chemisorption and cobalt nitrate for the impregnation,
had a relatively 19 % lower cobalt loading and showed an activity
comparable to catalyst 1, which was prepared by using cobalt nitrate in
15 two successive impregnation steps, under the reaction conditions as

described above.

Catalyst 5, as prepared in accordance with the invention using cobalt
hydroxide for the chemisorption and cobalt nitrate for the impregnation,

20 had a relatively 15 % higher cobalt loading and showed an activity of 34 %
higher than catalyst 1, which was prepared by using cobalt nitrate in two
successive impregnation steps, under the reaction conditions as described
above.

25 Catalyst 10, as prepared in accordance with the invention using cobalt
hydroxide for the chemisorption and cobalt nitrate for the impregnation but
in a different ratio compared to the previous examples comprising a higher
Co(OH) loading. At an overall cobalt content of 29.2 % (m/m) (i.e. a 46%
higher cobalt loading), this catalyst showed an activity of 52 % higher than

30 comparative catalyst 1, under the reaction conditions as described above.
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Catalyst 12, as prepared in accordance with the invention using a
sequence of two repetitive preparation steps using cobalt hydroxide for the
chemisorption and cobalt nitrate for the impregnation resulting in a high
cobalt loading (36.6 % (m/m); i.e.
showed an activity of 17 % higher than catalyst 1, which was prepared by

a 83% higher cobalt loading) and

using cobalt nitrate in two successive impregnation steps, under the

reaction conditions as described above.

Catalysts 2 to 11 and 13 to 16, as prepared according to the invention
showed a higher dispersion of smaller cobalt crystallites compared to the
This
improved dispersion is demonstrated by the XRD crystallite size, as shown

conventionally prepared cobalt nitrate-only impregnated catalyst 1.

in Table 1. In addition, these catalysts had improved cobalt surface areas
as demonstrated by comparing the Hydrogen Adsorption Capacity (HAC)
data (see also Table 1).The HAC values are derived from the quantity of
hydrogen (in ml/g of supported catalyst) to be adsorbed after reduction of
the cobalt. The experiment is performed in three stages: 1) reduction of
the cobalt, 2) saturation of the reduced catalyst with hydrogen and 3)
desorption of the hydrogen under an inert atmosphere from -75°C to
350°C.

TABLE 1: Cobalt/metal content.

relative Fischer-Tropsch (FT) activity for catalysts 1 to 21

cobalt/metal oxide crystallite size. and

Catalyst | Metal XRD crystallite | Hydrogen | Relative
content prior [ size of oxide | adsorption | FT activity
to reduction | precursor prior to | capacity
[M%] reduction [nm] [ml/g]

1 (comp) | 20 15 3.6 100

2 5 14.2

3 16.7 13.5 4.2

4 16.2 10.6 4.1 100

5 22.9 10.9 4.8 134

6 17.4 10.6 4

7 17.7 10.9 4.3

8 17.5 9.0 3.7




16.5 21 16.5 The average cobalt oxide crystallite size determ ned by
means of XRD, for conparative catalyst 1, was 15 nm while the average
cobalt oxwOeorymsdsal | ite size determ ned for catal ysts 2CraB®1(/H51876
according to the 5invention) were signib8cantly smaller, around 10-11 nm
EXAMPLE 23 - Evidence of reaction between Co OH slurryLjl support The
reaction of a nmetal hydroxide slurry with a support is a surprising 10
feature. For thatregsonthe invention s supportedw-tht+he irages, and
data gatheref9n thidqlddnmle | 1@:|8(1ur¢= 1_it t4% he seeh the inagks of a
Co(OH) 2 slurf$0in wat|@9.2ontai ni htd8i i ca nodif|6d al umi nh182pport pri or
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Co(OH) 2 and g ST red TaWas TO ed T |8 ar t1 s
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top. 15 16.7(+1.9 Ni) | 10.6 4.8 61
16 16.7(+1.5Mn) | 10.2 4
17 26.6 3.3
18 16.7 (Cu)
19 7 1.9
20 16.5
21 16.5

The average cobalt oxide crystallite size determined by means of XRD, for
comparative catalyst 1, was 15 nm, while the average cobalt oxide
crystallite size determined for catalysts 4 to 9 (i.e. according to the

5 invention) were significantly smaller, around 10-11 nm.

EXAMPLE 23 —
Evidence of reaction between Co(OH)> slurry and support

The reaction of a metal hydroxide slurry with a support is a surprising

10 feature. For that reason the invention is supported with the images and
data gathered in this example. In Figure 1, it can be seen the images of a
Co(OH) slurry in water containing silica modified alumina support prior
(left) and after mixing at 80°C.

15 The images at the top represent a mixture without Co(NOs3)2. It was
observed that the reaction between the Co(OH). and the silica modified
alumina was completed in 18 h at this temperature, resulting in a light

purple solid with a clear water layer on top.

20 The images at the bottom represent a mixture of Co(OH);, the silica
modified alumina and soluble Co(NOs).. In that case the reaction between

Co(OH)2 and the support is completed within 4 min, resulting in a purple



20 The images at the bottomrepresent a m xture of Co(OH) 2, the silica
nodi fi ed alum na and soluble Co(NGB)2. In that case the reaction between
Co(OH) 2 amo 2btper462pport is conpleted within 4 mn, resulPCragiiivo&ASwuUr pl e
WO 2012/ 146950PCT/ 1B2011/ 051876 54 solif84having a clear, dark red liquid
| ayer (due to the presence of cobalt nitrate) on top. A sanple of the

m xture containing the Co(NCB)Z on top of the dark purple 5 solid,
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from cobalt species having a strong interaction with the alumina support.
20
Additionally, Co(OH), was chemisorbed onto alumina tablets according the
same technique. A mixture of Co(OH), and alumina tablets in water
resulted in an egg shell distribution of the cobalt precursor on the tablets.
In Figure 4, the left image shows the resulting coated tablets. The middle
25 image in Figure 4 shows the resulting product in water and that the cobalt
remains completely on the tablets. The image to the right in figure 4
shows the separate stages of cobalt loading of tablets that have been cut
in parts; the bottom row shows tablets after both chemisorption and
impregnation (distribution throughout whole tablet), the middle row shows
30 the tablets after chemisorption only (egg shell distribution) and the top row

shows unloaded tablets as a reference.



5 Conpared to the state of art, disadvantages can be avoi ded such as
excessi ve washi ng procedures (no salts need to be renoved). WO

2012/ 146950RC/14B%011/ 051876 56 CLAIMS: 1. A process f@CcTBEpanIIRY a

catal yst precursor, which process inclufigs 5formng a slurry of particles
of an insoluble netal conpound, where the netal of the insoluble netal
conpound is an active catal yst conponent, with particles and/or one or nore

bodi f -shaped cat al yst [t i i lLiquid, wth th
par ti ol es. of TtWl HHSGPESIACHEY ORORHlemE 1t Batige domuenalRapIss | ne
particles angy/ %n%rﬁ@rc‘?eﬁlgu?fabrl@rrﬁeﬂf%o@n%li éhﬁré?gﬁtf&ﬂ?a?égaﬁ@téﬂé’aj%mvi g

support, thereby to produce a treated catalyst support; an

carrier |i quipdeparation rseqsienee \of troetabtdgiposiiodrtioed tuppatteithat @dlaivgsfor support ,
whi ch either direct IF%/? const itt Et £s It hqej cat al yst grﬁcur or b 0L i S ogtti onal |y
cal ci ned to §6Pgi JISHRESIOY: Aty 81N, Ja3GIpd 0PN 5 MEChEingl o LRRUSt, SUBPRithg t o
Caiml, pheRmpares &PMactatddophrt MBsaB/antadeds cah b aviors dbtle at al
conpound with the particles and/or the one or nore bodies of the pre-shaped
cat al yst supSgFessive washingdrregeddres (Ao spiaseedie bgiralnaved»0 3. A process
according to Caim1 or Claim2, wherein the pre-shaped catal yst support is
porous, and is selected fromthe group consisting in a nonolith, tablets,
shaped artefacts, extrudates, spheres, and conbinations of two or nore of
these. 25 4. A process according to any one of Clains 1 to 3 inclusive,
wherein the pre-shaped catal yst support is selected fromthe group
consisting of alum niumoxide, silica, titania, zirconia, nagnesia, zinc
oxi de, activated carbon, nol ecul ar sieves, zeolites, and conbi nations of



30 two or nore of these. WD 2012/146950PCT/ 1B2011/051876 57 5. A process
according to any one of Clains 1 to 4 inclusive, wherein the netal of the
i nsol ubl ewoebel146Bnpound is sel ected fromthe group con®csuBrgl/efiswobal t,
ni ckel , manganese, iron, copper, ruthenbém nolybdenum zinc, and

conmbi nations of two or nore of these. 5 6. A process according to any one
of Cainms 1 to 5 inclusive, which includes contacting the pre-shaped

cat al yst suppgr d/or the treated catal yst support and/or the dried
treated cat am-pport and/or the calcined treated catal yst support, with
a soluble netal conpound, wth 10 the netal of the soluble netal conpound
bei ng an active catal yst conponent. 7. A process according to Caim 6,
wherei n the ilnsol ubl e Wepedcessrfpopreparingam cataydtubeeursnorwhichroeesd sal t,
and wherein thc? ol ubl e 15metal conpound is a soluble netal salt. 8. A
process accortfi (Ze %0 Caim7, wherein the netal of the insol uble I norgani c

netal salg§ and t h%rnﬂﬁg@§uﬁ?'dﬂ@a@tld@§ at aﬁmé rAétal cosPBanRdewhbde
selected fromthe group consisti B%: cobal t, nickel, 20manganese, iron,

copper, rut héme umetalolof bt uiRsoly mgted @@m@pna@h dﬁwsa@f acie ovatalype of
tzgsﬁgrganl C ﬁ@fn%%%gﬁ %ﬁﬂr%br?%g%za%z{ﬁf ;8(5] Wé B?ﬂ@g Iubt)'%b%re? qd salt is
Co( NGB) 2. 6H2@atalyst support in a carrier liquid, with the particles of the insoluble metal
compound thus being contacted with the particles and/or the one or more
10 bodies of the pre-shaped catalyst support, thereby to produce a treated
catalyst support; and
removing carrier liquid from the slurry to obtain a dried treated
catalyst support, which either directly constitutes the catalyst precursor, or
is optionally calcined to obtain the catalyst precursor.
15
2. A process according to Claim 1, wherein the contacting of
the particles of the insoluble metal compound with the particles and/or the
one or more bodies of the pre-shaped catalyst support is carried out for at
least one minute.
20
3. A process according to Claim 1 or Claim 2, wherein the pre-
shaped catalyst support is porous, and is selected from the group
consisting in a monolith, tablets, shaped artefacts, extrudates, spheres,
and combinations of two or more of these.
25
4. A process according to any one of Claims 1 to 3 inclusive,
wherein the pre-shaped catalyst support is selected from the group
consisting of aluminium oxide, silica, titania, zirconia, magnesia, zinc
oxide, activated carbon, molecular sieves, zeolites, and combinations of

30 two or more of these.



10. A process according to any one of Cains 1 to 5 inclusive, wherein
particles of the pre-shaped catal yst support are used, and 30 wherein the

f or mat i orwof2ot@emsburry conpri ses suspendi ng t he i nsol ulpCe/mrmuabsiswpound
particles in the carrier liquid to fornba suspension, and addi ng the
particles of the pre-shaped catal yst support to the carrier liquid WO
2012/ 146950PCT/ 1B2011/ 051876 58 prior to and/or during and/or subsequent to
the formation of the slt‘étsjgension, to formthe slur tal of the

ry, with the qe
i nsol ubl e metal conpount PERESTY %B@Pgéﬁ Y Phe %Lgéﬁtg?st Tolex #ilg¢lusives 1. A
process accokg{dgint fhgqmr%'téﬂcﬁ‘ the"Yﬂ@c?lﬁblé Rt é‘c}ﬁrﬁ?%@rﬁd :ié"‘é‘el%'b?e'osﬁéﬁreﬂwé:at al yst

support are used, an erein the formation o e slurry conprises
suspendi ng t lgeoumoohaistieg mit edbatio mckeld m@Esnganebesiron, copperarrutr@nidmaui d to
forma suspensilon and addi nrgjthe t%ar.ti cl ﬁ? of the p%ﬁiﬁ,}haped cat al yst
support to t RECKRIETHR. TG ANH GRTBINA{IBNS RHME? OHTIAG S or 10 subsequent
to the fogmati on of the suspension, to formthe slurry, with the netal of
t he i nsoluble netal conpound being deposited on the support particles, and
wherein, aft& the remdvRroasssACOTERY |t Anydone ehGlaEnss|1ufor § inglHsive,

contacting of, the .dri t C | yst o] 1.t h I e t al
conpound is &#’Qﬁt'ggbggst@gﬁ%aﬂg %}% %?fseh%%ggeé%@g&%a?%&srf%sngzdproF wth a
15 sol uti on tefatécheatdystBuppoet ahdopthewritd treatetacataBist Isuppod, anvd/bh t he
nmetal of the soluble nmetal conpound being deposited in and/or on the
support part it £3ICKEd; iherted ratalyst SUPPOR. Milbice seluble: BredalrkprerRPuthiwihe,

wher ei n rtigcl e re: d | YStLSHRPAKL ~Af: nd
Whor e n The. f15F rernObnEn SOLFEL: RS aSbaLNE HEHAraR' 2EhT: ERaE e
sol ubl e net alcoogpgmennd in the carrier |iquid, suspending the insoluble
metal conmpound particles in the carrier liquid to forma suspension, and
adding the particles of the pre-shaped catal yst support to the carrier

liquid prior7to and/or AddgFdceds 2Rdomtrs &91EPAn 8owhERih e oIk dRetaf the

suspension, to forma slurry, with the netal of the insoluble netal
conpound bei wgMpspiogi isean arsalilelesinprganic paetal shlkksangdvhdreimiiteaboluble he

sol ubl e tal_compound being d S|t i_.n and/ or on the support particles.
WO 2012/ 69@#%@%&'1&&5%@9@%%9m g‘?ﬂﬁraﬂses nmetal in an anount of between
5 mass )/0 and 90 mass % based on the total precursor nmass. 14. A

catal yst precursor according to Claim113, which is .
8. A process according to Claim 7, wherein the metal of the

insoluble inorganic metal salt and that of the soluble metal compound are
independently selected from the group consisting of cobalt, nickel,
20 manganese, iron, copper, ruthenium, molybdenum, zinc, and

combinations of two or more of these.

9. A process according to Claim 8, wherein the insoluble
25 inorganic metal salt is Co(OH),, and/or wherein the soluble metal salt is
Co(NO3)2.6H20.

10. A process according to any one of Claims 1 to 5 inclusive,
wherein particles of the pre-shaped catalyst support are used, and
30 wherein the formation of the slurry comprises suspending the insoluble
metal compound particles in the carrier liquid to form a suspension, and

adding the particles of the pre-shaped catalyst support to the carrier liquid



5essentially free of exchangeable ions. 15. A catalyst precursor according
to daim13 or aim114, which is a Fischer-Tropsch synthesis catal yst

pr ecur sorwo20mbL46950at al yst precursor according to C ai mpC31B201CHEABM 14,

whi ch is a hydrogenation catal yst precub8or. 17. A process for preparing a
catal yst, which includes preparing a catal yst precursor using the process
of any one of Clains 1 to 12 15inclusive, and reducing the catal yst

precursor so prepared, to obtain a, catalyst. 8. hydr ocar bon _synt hesi s

Pt cess whi CRTEBAEY | AHOD i RO oSutpeiens R TR sretess &1 1 af m 17,
and cont act i RgshyKiYeTo b #He SRIFBOTWIRNAX! ARMA of the TRSSIRbIY enéhpve 100C
and a pressure of at least 10 bar wth the catalyst so prepared, to produce
hydr ocar bons canthounptheingbepositedyere the swppfrt pgdicesar bons. 19. A

process according to Caim118, which is a slurry bed 25 Fi scher-Tropsch
process for producing a wax product. 20. A process according to Caim18

or Claima4g9, which i nP'AU@ﬂ?ce%shé’wo@cﬂlh?Ct@SSCijlﬁﬁnsﬁ evHereinc panelds 80tHehe
hydrocar bons and, optionally, oxygenates to |liquid fuels and/or chem cals.
30 WO 2012/ pasShepest/catslpat1supprglygre used, and wherein the formation of the

slurry comprises suspending the insoluble metal compound particles in the
carrier liquid to form a suspension, and adding the particles of the pre-
shaped catalyst support to the carrier liquid prior to and/or during and/or

10 subsequent to the formation of the suspension, to form the slurry, with the
metal of the insoluble metal compound being deposited on the support
particles, and wherein, after the removal of carrier liquid from the slurry,
the contacting of the dried treated catalyst support with the soluble metal
compound is effected by treating the dried treated catalyst support with a

15  solution of the soluble metal compound in a carrier liquid, with the metal of
the soluble metal compound being deposited in and/or on the support
particles by impregnation.

12. A process according to Claim 6, wherein particles of the pre-
20 shaped catalyst support are used, and wherein the formation of the slurry
comprises forming a solution of the soluble metal compound in the carrier
liquid, suspending the insoluble metal compound particles in the carrier
liquid to form a suspension, and adding the particles of the pre-shaped
catalyst support to the carrier liquid prior to and/or during and subsequent
25 to the formation of the suspension, to form a slurry, with the metal of the
insoluble metal compound being deposited on the support particles and
the metal of the soluble metal compound being deposited in and/or on the

support particles.

30 13. A catalyst precursor which is obtained or is obtainable by the

process according to any one of Claims 1 to 12 inclusive, and which



60 22. A hydrogenation process which conprises preparing a catalyst using
the process of aim17, and contacting hydrogen and an organi ¢ conpound
wi th t he weatalymt9sso prepared, to hydrogenate the 5 orgacraBmampignd. 23.
Products produced by the hydrogenation p8ocess of Caim22. 10

comprises metal in an amount of between 5 mass % and 90 mass %,

based on the total precursor mass.

14. A catalyst precursor according to Claim 13, which is

5 essentially free of exchangeable ions.

15. A catalyst precursor according to Claim 13 or Claim 14,
which is a Fischer-Tropsch synthesis catalyst precursor.

10 16. A catalyst precursor according to Claim 13 or Claim 14,

which is a hydrogenation catalyst precursor.

17. A process for preparing a catalyst, which includes preparing
a catalyst precursor using the process of any one of Claims 1 to 12
15 inclusive, and reducing the catalyst precursor so prepared, to obtain a

catalyst.

18. A hydrocarbon synthesis process which comprises preparing
a catalyst using the process of Claim 17, and contacting hydrogen with
20 carbon monoxide at a temperature above 100°C and a pressure of at least
10 bar with the catalyst so prepared, to produce hydrocarbons and,

optionally, oxygenates of hydrocarbons.

19. A process according to Claim 18, which is a slurry bed

25 Fischer-Tropsch process for producing a wax product.

20. A process according to Claim 18 or Claim 19, which includes
a hydroprocessing step for converting the hydrocarbons and, optionally,
oxygenates to liquid fuels and/or chemicals.

30
21. Products produced by the hydrocarbon synthesis process of

any one of Claims 18 to 20 inclusive.
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22. A hydrogenation process which comprises preparing a

catalyst using the process of Claim 17, and contacting hydrogen and an

organic compound with the catalyst so prepared, to hydrogenate the
5 organic compound.

23. Products produced by the hydrogenation process of Claim
22.

10



