CATALYSTS FI ELD OF THE I NVENTION THIS I NVENTION rel ates to catal ysts. It
relates in particular to a process for preparing a catalyst precursor, and
to a procweofow7mEaepari ng a catal yst, which catal yst caoThB2ueeshysx or

i nstance, in hydrocarbon synthesis (including Fischer- Tropsch (FT)) and
hydr ogenati on reacti ons. BACKGROUND ART Preparation of catalyst precursors
by nmetal inpregnation onto catal yst supports using various inpregnation
techni ques, is well known to those skilled in the art. The inpregnated
supports so obtained are then usually subjected to drying and cal ci nati on
to provide catal yst precursors, and theqprecursors are then subjected to
reduction to produce, finally, a catalyst. In particular, the Applicants
are aware that, as described in EP 0736326 B 1, cobalt inpregnated al um na
based Fi scher-Tropsch synthesis catal ysts can, for exanple, be synthesized
by neans of aqueous slurry phase inpregnation of a cobalt salt, for exanple
cobalt nitrate hexahydrate, onto an al um na support, coupled with drying of
t he i npregnat ed support, followed by direct fluidized bed cal cination of

t he resul tant iggregnated support, to obtain a catalyst precursor, and then
reduci ng the p 0 obtain the Fischer-Tropsch synthesis catal ysts.
The catal ysts contain cobalt dispersed on the support. Sufficiently high
cobalt | oadings to provide a desired high degree of catalyst activity can
readi |y be obt dilBRONTRBINENTIGNe cobalt salt inpregnation, by repeating,
if necessary, the cobalt salt inpregnation step.lt has been reported that

t he use of organic netal conpounds or organic additives during the

i npregnation cddild INYENSION relpige te atplygtst Heretrdeainyrarticaar ity ptRFOESS suppor t ed
metal catal yst §or GRIpaRXGPlcBtalydP préRfehO ah§ 68 Sprocess for preparing a

catalyst, which catalyst can be used, for instance, in hydrocarbon

synthesis (including Fischer- Tropsch (FT)) and hydrogenation reactions.

BACKGROUND ART

Preparation of catalyst precursors by metal impregnation onto catalyst
supports using various impregnation techniques, is well known to those
10  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.

In particular, the Applicants are aware that, as described in EP 0736326
15 B1, cobalt impregnated alumina based Fischer-Tropsch synthesis
catalysts can, for example, be 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
impregnated support, followed by direct fluidized bed calcination of the
20 resultant impregnated support, to obtain a catalyst precursor, and then
reducing the precursor to obtain the Fischer-Tropsch synthesis catalysts.
The catalysts contain cobalt dispersed on the support. Sufficiently high
cobalt loadings to provide a desired high degree of catalyst activity can
readily be obtained by means of the cobalt salt impregnation, by repeating,

25 if necessary, the cobalt salt impregnation step.



that using m xtures of polyols and netal salts during inpregnation results
in inproved catal yst performance. Van de Loosdrecht et.al. (Applied

Cat al ysi swo2Gwmrzh, Vol une 150, Nunmber 2, 13 March 199PCTAR203@4B8503836( 12) )
reported that the preparation of |ow | oading cobalt catalysts (2.5% Co) by
i npregnation using Co-EDTA (et hyl enedi am netetraacetic acid) or anmoni um
cobalt citrate resulted initially in the formation of very small cobalt

oxi de particles. These small oxide particles reacted during thermnal
treatnment in a reducing gas flow with the alum na support to form cobalt
alum nate, which was inactive in Fischek- Tropsch synthesis. H gher | oading
catal ysts (5% Co) prepared by a 2 step i npregnati on process using anmoni um
cobalt citrate in both steps resulted in a |larger cobalt oxide particle
size and higher, reducibilit cul mnati in a reasonable activity, but
Sti11 | ower “corpirelranyegordd Rk Msiseetitgatic Bial FRaOHPEHE! PRIPBGNAL i on
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organi ¢ i npregnati.on conpounds nds . to result in | ow et | oadi ngs due to
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many catal yti c thgagiigoniiurédef payols aadintgs its @ekiny intiegaitiopreallee
sufficientl hircr'h activi due to, anongst other reasons, the |ow

. ty,
reduci bility of Wﬂv%dagaé%ﬁwtpgﬁow%ﬁ] and Baern (Applied Catalysis
A: General 186 (1999)189-200) describe studies of the performance of titania
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suf ficiently hi(ghyleeédibmineadiaagstionacie) @nl ymmonium cobalt citrate resulted
initially in the formation of very small cobalt oxide particles. These small
oxide particles reacted during thermal treatment in a reducing gas flow
with the alumina support to form cobalt aluminate, which was inactive in
Fischer-Tropsch synthesis. Higher loading catalysts (5% Co) prepared by
15 a 2 step impregnation process using ammonium cobalt citrate in both
steps resulted in a larger cobalt oxide particle size and higher reducibility,
culminating in a reasonable activity, but still lower compared to a reference
catalyst prepared from impregnation with cobalt nitrate only and having
similar cobalt loading.
20
The use of organic impregnation compounds tends to result in low metal
loadings due to limited solubility and high viscosity of the impregnation
solution. For many catalytic reactions, the low loadings of metal do not
provide sufficiently high activity, due to, amongst other reasons, the low

25 reducibility of such catalysts.

Kraum and Baern (Applied Catalysis A:General 186 (1999)189-200)
describe studies of the performance of titania supported catalysts
containing 12% cobalt, prepared by multiple impregnations with various
30 organic cobalt compounds, including cobalt(lll)acetyl acetonate, cobalt
acetate, cobalt oxalate and cobalt -EDTA. The multiple impregnations

were performed for each particular catalyst using only a single organic



achi eved by performng nultiple inpregnation cycles, thereby conpensating
for the low solubility of the organic cobalt conpounds. However, having to
use nul t iwbeoiomerzsgnat i on cycles for the preparation of paTaR@dYIUSITan be
econom cally unattractive. US 6822008B2 teaches the use of two different
nmetal precursors | oaded separately on to a suitable support, in such manner
that the first |oaded portion of netal is nore easily reduced, than the
second | oaded portion of netal. For exanple, cobalt nitrate hexahydrate is
| oaded first, whereafter cobalt acetate is |oaded on to the support. The
second cobalt precursor can thus be an arganic cobalt salt such as cobalt
acetate. However, US 6822008B2 does not denonstrate an increase in cobalt
di spersion or an increase in FT synthesis activity. It is thus an object of
nd/ or a cat al yst

the present inveption to provide a . catalys recurs
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i npregnati ng a H@vdvek hlaaihg t€ asahyiRibleSthppsynbtion EyftiedfoothgPpiésaraiinadf conmpound
ina carrier. liquid, wherein the netal of the organic netal conpound is an
active catalPyst® %%%%ﬁ@ﬂp? ePB”‘?'B'P%E’ aftd5i¥nat ed i nt er nedi ate, and

calcining the inpregnated internediate, to obtain a calcined internediate;
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10 metal. For example, cobalt nitrate hexahydrate is loaded first, whereafter
cobalt acetate is loaded on to the support. The second cobalt precursor
can thus be an organic cobalt salt such as cobalt acetate. However, US
6822008B2 does not demonstrate an increase in cobalt dispersion or an
increase in FT synthesis activity.
15
It is thus an object of the present invention to provide a catalyst precursor
and/or a catalyst with which some of the disadvantages described above

are overcome or at least reduced.

20 DISCLOSURE OF THE INVENTION

Thus, according to a first aspect of the invention, there is provided a
process for preparing a catalyst precursor, which process includes
in a first preparation step, impregnating a particulate catalyst
25 support with an organic metal compound in a carrier liquid, wherein the
metal of the organic metal compound is an active catalyst component, to
form an impregnated intermediate, and calcining the impregnated
intermediate, to obtain a calcined intermediate; and
thereafter, in a second preparation step, impregnating the calcined
30 intermediate from the first preparation step, with an inorganic metal salt in

a carrier liquid, wherein the metal of the inorganic salt is an active catalyst



i npregnated support, to obtain the catalyst precursor. In a preferred
enbodi nent of the invention, the inpregnated internediate of the first

pr epar at w0 208108197758 at | east partially dried prior to tiRE€eTUR2G)/NRTSION
thereof. Preferably, the inpregnated support of the second preparation step
is also at least partially dried prior to the calcination thereof. It wll
be appreciated that the partial drying wll usually take place where the

i npregnation is slurry phase inpregnation. By "active catal yst conponent”
is neant that the netal of the organic netal conpound and that of the

i norgani ¢ nmetal conpound are such that yhey actively catal yse chem cal
reacti ons wherein an eventual catalyst obtained fromthe catal yst

precursor, is used as a catal yst Thus, inpregnation wi th conmpounds which do
not eventually actlvely catalyse sajd c reactions, is exgluded.
Bearpl o5 of suCRTBRERUEG COiTb Ao ErEOTEN caHPpG R ST, BT used,
woul d serve t o impighitet Rapsd Obbtain'taé betalybh@ecwassr vel y catal yse the

chem cal reaction wherein the eventual catalyst is used as a catalyst. The

invention is thus characterized thereby that the inpregnation is strictly
carried out usinmg ﬁrb%r@&@ldﬂﬁﬁﬁ?neﬁft of [eY iagéraioh Othe finp&ignietinte ke ditgani ¢ net al

conpound an ter r t he cal ci ni of the. i eg
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Preparing a metal, preferaply cobally haged catalyst precursor from which

10
By “active catalyst component” is meant that the metal of the organic
metal compound and that of the inorganic metal compound are such that
they actively catalyse chemical reactions wherein an eventual catalyst
obtained from the catalyst precursor, is used as a catalyst Thus,

15 impregnation with compounds which do not eventually actively catalyse
said chemical reactions, is excluded. Examples of such excluded
compounds are silica compounds which, if used, would serve to modify
the support, rather than actively catalyse the chemical reaction wherein
the eventual catalyst is used as a catalyst.

20
The invention is thus characterized thereby that the impregnation is strictly
carried out using the sequence of impregnation first with the organic metal
compound and thereafter, after the calcining of the impregnated
intermediate, impregnation with the inorganic metal salt. Preferably, none

25  of the inorganic metal salt used in the second preparation step is present
during the first impregnation step. Preferably, none of the organic metal
compound of the first preparation step is present during the second

preparation step.

30 The present invention thus provides a process for preparing a metal,
preferably cobalt, based catalyst precursor from which is obtained a

catalyst which may have increased activity. Surprisingly, it was found that



catal yst which may have increased activity. Surprisingly, it was found
thatafter having effected an initial or first preparation step involving an
i mpr egnatworrouwgiong4an organi ¢ nmetal conpound such as amromiIBINICeIVASX
citrate, if in a next or second preparation step cobalt is inpregnated
using an inorganic nmetal salt such as cobalt nitrate, a high netal, e.g.
cobalt, dispersion is usually obtained and at the sanme tinme, a high | oading
of netal, e.g. cobalt, nay be achieved, usually with an increased catal yst
activity conpared to the standard nmanner of preparing such catal ysts using
only inorganic cobalt salts in two sequgntial inpregnation steps. This

i ncreased catalyst activity is achieved at a netal, e.g. cobalt, |oading
which is simlar to, or even |lower than, catalysts prepared using the

st andard manner _of inpregpation with inorganic netal salts |n two

cequent i al i mprSghdiVER Etenied o8 U fo TORUPRAEIA SThbINONDS ANt er ¢ he
first prepar atii@preghalichiolisig)at biganisinealadmpotndbaihg anmenhiaianésbaltet al
conpound and not, the usual nitrate, the exothernic deconposition of this
conpound can b&'t(?é‘?’yf'\ﬂérl‘e’%8h{5‘?‘iﬂnﬁéﬁ‘?pe\rf‘t'qns3t%‘éF?@Cﬂé& PREENFIRL USIHGY eased
catal yst acti vidnyinb®ygnieemétaesilpstidread acbalt hiabteatat Kigh tialf ergStcobapr egnat i on
with the orqani ¢ netal

_precursor, a high netal, e, g. cobalt, dispersionis

Usual |y obt 3 naPRETeN I ISATY aeindit,and A g Soteiiree.of M PRENg&Eong
i npregnati Ion Winbdtal _feeg.hdwggambgz Uéeé(giie\@g! Fg;uaillpe/viigi gih irdjiréelb%l ﬁzc;amméts
surprisingly malpntal ne t, the reducl billt nd nmeta adli ng are
Thehensed. | es Ao NGCoRAOHHP AG STETAH MRER o T SHEVG: B aFRBERE | ar
| oadi ng and r edigtiglinly ihyrganigRabsitsdie it Biasaikhtifirmpayestionstd)s. Thie st andard
manner of inpregnation with inorganic, cobalt sal int equent i al
or egnat i on stdngasel o3teb P edBErT eaaTehat 4 A SitercRel BBy cobal ¢,
di sper si on 1\ghi lvehidtaws BEnifaheocor reeeh lowérathanp adtangtsaipebpaestliasipgl they, has
resulted in an incredased cat afl YSt actj vi w . . .

standard manner of impregnation with inorganic metal salts in two

sequential impregnation steps. Since the intermediate obtained after the

first preparation or impregnation step only contains an organic metal

compound and not the usual nitrate, the exothermic decomposition of this

15 compound can be very well controlled.

It is believed that the increased catalyst activity may be due to the fact that
after the first impregnation with the organic metal precursor, a high metal,
e.g. cobalt, dispersion is usually obtained with a limited reducibility, while
20 after the second impregnation with the inorganic metal salt, the high
dispersion is surprisingly maintained, but the reducibility and metal loading
are increased, resulting in a catalyst with better dispersion and similar
loading and reducibility compared to catalysts prepared using the standard
manner of impregnation with inorganic cobalt salts in two sequential
25 impregnation steps. It is thus believed that the higher metal, e.g. cobalt,
dispersion while having the correct metal loading and reducibility, has

resulted in an increased catalyst activity.

In this specification, the term “organic metal compound” means a
30 compound wherein at least one metal atom is associated with at least one
organic group by means of a bond, for instance, by means of a covalent

bond, a metal-to-ligand coordination or an ionic interaction. Preferably, the



In this specification, the term"organic netal conpound" neans a conpound
wherein at | east one netal atomis associated with at | east one organic
group by weann/omf75a bond, for instance, by neans of a cecaliBmio/biwigs a
metal -to-ligand coordination or an ionic interaction. Preferably, thenetal
atomis associated to at | east one non-carbon atomof the at |east one
organic group, in particular to an oxygen atom of the organic group. The
organi ¢ netal conpound nay al so i nclude one or nore inorganic groups bound
to the netal. Preferably, the one or nore inorganic groups are cationic
groups. In this specification, the termg'inorganic nmetal salt" neans a salt
wherein at | east one netal atomis only associated with one or nore

i norgani ¢ groups, which association is by neans of a bond, for instance, by

means of a coval ent bond, a netal-to-1igand coordination_gqr i gni c
Interaction . THEALAIORAE SSRAGAPALT AbIEasT e RE-FIPSR Slro e SRSt ep,
repeating, at l|oe@sdrg@ii€grouphth pamEegnatdrosxyyeh htdrh &f Gfegamaaicniedb@. conpound.
Preferably, al t he at IeaEt r[%artidal dr%}ﬁ(g%wﬂ t he i npregnated .

i nternedi ate i s Enh¥APEJREREGOMPAYY M@y de; Q0% OF FRVEi 'BPT98PIGI ng i s
carried out. Pred@saiduyd takisombte palfelabil theronef ortrhérelindrgego atRps

i nt er medi at% is then also repeated. In this fashion, a higher netal | oading
in the cal ciPned's ATMERHPY®S, is obtained. Likew se, the process nmay

include, in the second preparation step, repeating, at |least once, the
parti ol dryi ng 'BAE RECIFBarias ST JpSBR ISl PEBbaeaET HHEEN s, when
at | east parti at Ishsyiong mstaCaton &dodltassbeigteanaitd yne @r saorehigorgahiei nat i on of

t he i npregnated support is then repeated. I.n this_ fashion, é a higher netal
| oadi g ot he SR Fhioh ARsteiF g By dhE 41 ebency s o RE Bl ot - of
t he inventiion, df aeolalesitbopdep aetdl-t®gsidepordyation or an ionic interaction .

The process may include, in the first preparation step, repeating, at least
once, the impregnation with the organic metal compound. Preferably, also
the at least partial drying of the impregnated intermediate is then repeated,
15 that is, when at least partial drying is carried out. Preferably, also the
calcination of the impregnated intermediate is then also repeated. In this

fashion, a higher metal loading in the calcined intermediate, is obtained.

Likewise, the process may include, in the second preparation step,
20 repeating, at least once, the impregnation with the inorganic metal salt.

Preferably, also the at least partial drying of the impregnated support is

then repeated, that is, when at least partial drying is carried out.

Preferably, also the calcination of the impregnated support is then

repeated. In this fashion, a higher metal loading in the catalyst precursor,
25 is obtained.

Thus, in one embodiment of the invention, the first preparation step may
comprise a first impregnation with the organic metal compound, at least
partial drying (optional) and calcination, as hereinbefore described,
30 followed by a second impregnation with the organic metal compound, at
least partial drying (optional), and calcination, as hereinbefore described;

the second preparation step may then comprise a single impregnation with



conprise a first inpregnation with the organic netal conpound, at |east
partial drying (optional) and cal ci nation, as herei nbefore descri bed,

fol | oned W9 2a108wc3ad | npregnation with the organi c net alPCTaRpmowni;783at | east
partial drying (optional), and cal cination, as herei nbefore described; the
second preparation step may then conprise a single inpregnation wththe
inorganic netal salt, at |least partial drying (optional), and cal cination,
as herei nbefore described. However, in another enbodi nent of the invention,
the first preparation stage nmay conprise a single inpregnation with the
organi c netal conmpound, at |east partial drying (optional) and cal ci nation,
as hereinbefore described; the second preparation step may then conprise a
first inpregnation with the inorganic netal salt, at |east partial drying

(optional), cal ci nati on, rei nb re.desc d, followed by a
Sebond | 1br eqndls SIS et SAR G gadnt Gariet AVrGaieptonzD. pesSFIoBa a1 dr yi ng
(optional), andstrigheEbre@esc@sdher ei nbef ore descri bed. The netal of the
organi ¢ netal conpound and the nmetal of the inorganic netal salt nmay be the
sane or different nmetals. Preferably, however, they are the sanme netal

Sui t abl e net al Hdwsvet, g gnotHe sEnsddirhéet (ﬁrméaﬁTieritlﬂfdeﬂiei et prepaldtigh val ue
nmetal s, such as precious netals. M t sui t abl.e rre tﬁgl n ac.cordgﬂce with

the present 9 nvEHS GPYaceMPERaI? SRS nimpkegnatipn, ‘é( t O9RBGd t of the
i nvention, thecﬁak@hmatznraﬁﬁtspmmamynhaga(@y@ha¢agb@ncaymahﬁﬁlascatalyst

precursor. Prefera Fi scher-Tro synt hesi s cat al yst
P ecur sor . Nor defidieorailest et e seCRRhPEESEIGN sy o del CASERER- Tropsah
synt hesi s cat alfmtmmr@gmnsmrwuthm@ M@t gnioo nettd) esamy gaanea:strwrﬁadl @rgirgound may
be cobalt. Preferabl e of t L horganij c alt is then al so
cobalt . whi oh IGPEREE ehY SEngene it BFEHDOTE rrsolh GIMvehiH for | The
catal yst pri@curseosnd Bngrbgiatian with the inorganic metal salt, at least partial drying

(optional), and calcination, as hereinbefore described.

The metal of the organic metal compound and the metal of the inorganic
metal salt may be the same or different metals. Preferably, however, they
15 are the same metal. Suitable metals for the purpose of the present
invention are high value metals, such as precious metals. Most suitable

metals in accordance with the present invention are cobalt and nickel.

In a first embodiment of the invention, the catalyst precursor may be a
20 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 catalyst precursor. The
metal of the organic metal compound may be cobalt. Preferably, the metal
of the inorganic metal salt is then also cobalt, which is thus the active
25 component of the eventual catalyst. The catalyst precursor is then a

cobalt-based Fischer-Tropsch synthesis catalyst precursor.

It was found that when a cobalt-based Fischer-Tropsch synthesis catalyst
precursor as set out above is converted to a Fischer-Tropsch synthesis
30 catalyst by means of reduction, the catalyst has a high and stable Fischer-
Tropsch activity. Furthermore, it was surprisingly found that by using the

two-step preparation process as hereinbefore defined, not only is a



cobal t - based Fi scher-Tropsch synthesis catal yst precursor. It was found

t hat when a cobal t-based Fi scher-Tropsch synthesis catal yst precursor as
set out awowvelwm®7msenverted to a Fi scher-Tropsch synt hesiPSTaBR2a)/YIT8DHOY nmeans
of reduction, the catalyst has a high and stable Fischer- Tropsch activity.
Furthernore, it was surprisingly found that by using the two-step
preparation process as hereinbefore defined, not only is adesired high
cobalt | oadi ng obtained, but a high degree of cobalt (netal and/or oxide)

di spersion is al so obtained, resulting in a catalyst with inproved

Fi scher-Tropsch synthesis activity. Thegi norganic cobalt salt of the second
preparation step may, at least in principle, be any inorganic cobalt salt;
however, cobalt nitrate, and in particular, Co(N q 3)2-6H2q , is preferred.

Preferably the jnorganic copalt salt is at |eas artly_ dissolv in the
Carrier 11 qui d.JeTie BbaoBR FeagiitaottaSe ibe Aok AFoetn LR mAHld sol vent.
Preferably, howeder, oxide)i dispyersion .is Lalke Wosmed, tes@tirgaii @ catbgbt wapnpound of

the first preparation_ste s preferably at least partly dissolved in the
PP iy SHet

carrier |iquid.™mpipyed Bsep i y suitable liquid solvent.

Preferably, hovweehorghhicicobwabelt of THaesezba@ prepaesiidal sters apodndastEy be t hat

obt ai ned by reactin cobalt conpound, such as cobalt hydroxide, with an
organi c ac%/é, ch‘f‘F'B%aﬁﬂeyari% IR é%ﬂtcéalgfh%\’i’evleéa%qbagn'ég%tﬁuﬁf‘gr'f‘on sour ce.

The cobal t conpastidiapre@d(RoahleH.Osisprefehad.t basi c conpound. The counterion
source, when present, is preferably an inorganic source, and preferably it
is a source of one or nore cations. In one enbodi nent of the invention, the

count eri on sourrreferanyy e ivdrgaic dobaltheltas gelvast paalyadidsobetamothactaern be forned

: 2 ZI tsch)I u;rlhgf] 61%Di§]hgﬂ1bealctarrf:e?”ﬁ)q()ljlf&dmaf'tglUs Ct())gaellr;[y %ﬁiart%(l Icqueu’ld Cs%?velrolg di'ssol ved
10  Preferably, however, it is water.

Likewise, the organic cobalt compound of the first preparation step is
preferably at least partly dissolved in the carrier liquid. The carrier liquid
may be any suitable liquid solvent. Preferably, however, it is water.

15
The organic cobalt compound may be that obtained by reacting a cobalt
compound such as cobalt hydroxide, with an organic acid, optionally in the

presence of at least one counterion source.
20  The cobalt compound preferably is 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 compound 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.

30 The organic acid may be a carboxylic acid such as citric acid (CsHgO7),

succinic acid (C4HgQ4), oxalic acid (CoH204), acetic acid (CoH402),



organic acid in water. The organic acid may be a carboxylic acid such as
citric acid (CeH80O7) , succinic acid (C4H6O4) , oxalic acid (C H2O4)
acetic acwo200/a9434) , gl uconic acid (C6H 1207) or EDTA, PCTAB2010/050783

et hyl enedi am netetraacetic acid. Preferably, the organic acid is citric
acid. In the organic cobalt conmpound solution, the nolar ratio of cobalt to
organic acid can vary wwdely, e.g. from0.1 : 1 to 10:1 . However, it is
expected that the nolar ratio of cobalt to organic acid will normally be in
the range of 0.5:1 to 2:1, typically about 1: 1 . In preferred enbodi ments
of the invention, the organic cobalt cogpound of the first preparation step
may be cobalt ammoniumcitrate or cobalt anmmoni um EDTA. | nstead, the
organi ¢ cobalt conpound of the first preparation step nay be that obtained

by reaction of cobpalt.  c ound w acetyl acet o 0% The cat al yst
opport 1y be BUBREE Tt GoBRor BLE Lbyst e R S A SLe B Ry
conpri se a cat #rgRtabhypisrgatiascid i@sdicerid.onal |y one or nore nodi fyl ng

conponents. The catal yst support basis may be selected fromthe group
consisting of alumina in the formof one or nore alum niumoxides; silica

(SiO) ; titanila thdidyanic dasaglne;s)h@ood\@@btunamdthéi ﬁ@la@)«bd@ df Zeoopit tand
m xt ures thereof Preferabl\éthes port]c bas %ﬁlec edfro the group
consi sting A9 h 2SnC3h ¥am o Wit er‘?ﬂ] eloaf BW?YBH titani a

(TiO) and sil iexpedt& %)t the ToRireatid ¥f cédae tswmwfd a@awmnmnaawbmma in the
formof one or nore al umi_ni um oxi de Qne or nore al um ni um oxi des may
be sel ected frdhf fange &Ia]épf ‘io:?cﬁﬁm'??aly@BP%tf -ably consisting of) gamm
alum na, delta alumna, theta alumna and a m xture of two or nore thereof.
Preferably the rgpre"fgrredﬁ'ecr% gdeménts of the invention, the organic cobalt compound of

10 the first preparation step may be cobalt ammonium citrate or cobalt

ammonium EDTA.

Instead, the organic cobalt compound of the first preparation step may be
that obtained by reaction of a cobalt compound with acetylacetone
15  (CsHsOy).

The catalyst support may be a particulate porous support.

The catalyst support may comprise a catalyst support basis and optionally
20  one or more modifying components. The catalyst support basis may be
selected from the group consisting of alumina in the form of one or more
aluminium oxides; silica (SiOy); titania (TiO2); magnesia (MgO); and zinc
oxide (ZnO); and mixtures thereof. Preferably the support basis is
selected from the group consisting of alumina in the form of one or more
25 aluminium oxides; titania (TiO2) and silica (SiO2). Typically, the support
basis is alumina in the form of one or more aluminium oxides. The one or
more aluminium oxides may be selected from the group including
(preferably consisting of) gamma alumina, delta alumina, theta alumina
and a mixture of two or more thereof. Preferably the group includes, or,
30 preferably, consists of gamma alumina, delta alumina and a mixture of
gamma alumina and delta alumina. The aluminium oxide catalyst support

may be that obtainable under the trademark Puralox, preferably Puralox



preferably, consists of gamma alum na, delta alumna and a m xture of gamma
al um na and delta alum na. The al um ni um oxi de catal yst support nay be that
obt ai nablwountew7tshe trademark Pural ox, preferably PuralPox$8a0/2301$0 from
SASOL CGernmany GrbH. Pural ox SCCa 2/ 150 (trademark) is a spray-dried

al um ni um oxi de support consisting of a mxture of ganma and delta

al um ni um oxi de. The alum niumoxide is preferably a crystalline conpound
whi ch can be described by the fornmula Al 203. XH2O where 0 < x < 1. The term
al um ni um oxi de t hus excludes Al (OH)3, and AlQ(OH), but includes conpounds
such as gammm, delta and theta alum na.q@referably, the catalyst support

i ncl udes one or nore nodifying conponents. This is particularly the case
where the support basis is soluble in a neutral and/or an acidic aqueous
solution, or e S or Sig is susgeptible to attack
as descri bed \l,)\%(%(% EQﬁ% ﬁggﬁ %/Aﬁﬁ E;r‘?ﬁﬁﬁ@’ntgwgb EHﬁ’ﬁqxsgcgé E’ﬁé ent that
results in one (PademdrR) @&f at Bgrafarib@vAInginiun JoxibeC s@aRes coistidy ssfohut i on of
the catal yst surgl?ort Jn an aqcﬁlg s environnent, (ii) suppresses the
suscepti bi | ity "OKUHY ammp 9ad deligdunniyg K98y ot her nal att ack (especial Iy
during Fischer -Tﬁreoausmrmuw@&iaess ?p}efel(alblylé chysedlipes@mnpduad patieh val vee of the

catal yst su i.ncreas trengt h, and/ or attri t| on .and/ or
abrasion re | std%ﬁ‘éré) byttH%f(EQP%l E?’ 7X8 brdpdereauBYAYRi nent of
the invention, dxhe thosletatideg mm)@rtemtAldJ@@Hgaﬁﬁmctddesdbm@uwsl dughof the
catal yst support in an ueo nV| ronnment, i.e. increases the inertness of
the catal yst s@FMMe: 6@/&? a8 theta alumina.

Preferably, the catalyst support includes one or more modifying
10 components. This is particularly the case where the support basis 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
15 or more of the following:
(i decreases the dissolution of the catalyst support in an agueous
environment,
(i) suppresses the susceptibility of the catalyst support to
hydrothermal attack (especially during Fischer-Tropsch
20 synthesis);
(iiiy  increases the pore volume of the catalyst support;
(iv) increases the strength and/or attrition and/or abrasion

resistance of the catalyst support.

25 In a preferred embodiment of the invention, the modifying component
decreases the dissolution of the catalyst support in an aqueous
environment, i.e. increases the inertness of the catalyst support towards
dissolution in an aqueous environment and/or suppresses the
susceptibility of the catalyst support to hydrothermal attack, especially

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

especially such an environment encountered during an aqueous phase



di ssolution in an aqueous environnment and/or suppresses the susceptibility
of the catal yst support to hydrothermal attack, especially during

Fi scher - Wopstimogysat hesi s. Such an aqueous envi ronnent may/1BHad/awes3an
aqueous acid solution and/or an aqueous neutral solution, especially such
an environnent encountered during an aqueous phasei npregnati on catal yst
preparation step. Hydrothermal attack can cause the sintering of the

catal yst support (for exanple al um ni um oxide), dissolution of Al ions or
break up of the catalyst particles during hydrocarbon synthesis, especially
Fi scher-Tropsch synthesis, due to exposyye to high tenperature and water.
The nodi fying conponent is typically present in an anount that results in a
I evel thereof in the catalyst support of at |east 0.06 atoms per square

nanonet er. The nodi fying conmponent na ncl consist of Si, Zr, Co,
TG 7, N MREROnKOT REISVR. blegaral sigb:  Pudroiermah Stk Capacauss” v, i
Thd fCe Ce, U N, S|ﬁ|‘fér|ng)/\lothﬁead§HiaIV§,tXEwFﬁ>l‘ﬁt ofor te&@mfpre réﬂfnﬂmhhﬁb&iﬁfa) The

nmodi fyi ng conmpopent .may, rt arly,. be se e rom t he group
consi sting of SSO%“?” & §/ho E %?W 5&19& rHicles %’F "Bne or nore
t her eof . Pref emglbitogaitos a;adhésys ngspz;@ranpnra@&herSr@;ﬁcﬁctsﬁdhésrspmjm&etogr oup
consisting of Si and referred enbodi nent of the invention the

ﬁgn A? a
modi fyi ng conpdiBhti'? Ripr atf’F?ea ‘ﬁ?tﬂ/l ng component is Si, the silicon
| evel in the resultant catal yst support is at | east 0.06 Si atons per

squar e nanonet e catal yst. s ort era east 0.13 Si atons
e e e e St mpdio G ot B ARG sl B A e B b SRR UB 0 ar 1 et

0.26 Si atons pelkvsiqusref Mameneitaystaupbhie ot at Rags0.06 UpEAs toer Bgedrer abl y, the
upper level is 2.8 S atons/nn2 of the catal yst support.
nanometer.
10
The modifying component may include or consist 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 two or more thereof.

15 The modifying component may, more particularly, be selected from the
group consisting of Si; Zr; Cu; Zn; Mn; Ba; La; W; Ni and mixtures of one
or more thereof. Preferably the modifying component is selected from the
group consisting of Si and Zr. In a preferred embodiment of the invention
the modifying component is Si.

20
When the modifying component is Si, the silicon level in the resultant
catalyst support is at least 0.06 Si atoms per square nanometer of the
catalyst support, preferably at least 0.13 Si atoms pre square nanometer
of the catalyst support, and more preferably at least 0.26 Si atoms per

25  square nanometer of the catalyst support.
Preferably, the upper level is 2.8 Si atoms/nm? of the catalyst support.

In one embodiment of the invention, a catalyst support in the form of one
30  or more aluminium oxides or a silica modified aluminium oxide 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



I n one enbodi ment of the invention, a catalyst support in the formof one
or nore alum nium oxides or a silica nodified alum niumoxide is preferred
over suppuotelmgcis4as silica and titania, since it is beCrasmdobivass t hese
supports provide a nmuch nore attrition resistant catal yst. The

catal ystsupport in the formof one or nore alum niumoxides or a silica
nodi fi ed al um ni um oxi de may al so include La. It is believed tha La

i nproves attrition resistance. In another enbodi nent of the invention, a
catal yst support in the formof one or nore alum niumoxides or a silica
nmodi fied al um ni um oxi de may include tifanium preferably in an anmount,
expressed as elenental titanium of at |east 500 ppm by weight, preferably
from about 1000 ppn1to about 2000 ppm by weight. It is believed that the

addi tion of the t|t n1|ncr gases t he aft|V|ty qﬁ a cat; g¥8t forned from
such a support Y ‘ﬂ'g Plf9rmﬁ PR OF qke GuMUNIHghfiqesr & 8!

particularly \Mzaﬂmmnmnn@hube ey alspireeiers ang yaiefer akl ya ﬂmpRﬁ‘/eQI’ Te
pronoters are p fent P the catalyst. Preferably, the titaniumis included
in the internal@@IPUESEA9°8f the support and, preferably, no titaniumis

present as a de@@ﬁbﬂ]eﬂémbb@rrﬁeupﬁﬂlhb inVéntibss, éaeéte@meghpipbatm tiefopihagence of
this tltanl%n1|n t he suggort al so. i nproves the ﬁﬂ%?hﬁlon resistance of a

catal yst whi’ch ARcTJBYE Lyfpium QES'HB%Pf a gliaygpdi €P”'B’|‘% SEY of the
invention, theiscaddd Wsdnigbppesterably ibear nainiduat,f ekpresdedd@isoeteniimtdli cl es

Coa e o ! oL AT B by BB EuEEy Bl S B B
cat al yst SUppordboUBXIO(h)epm‘ﬁdyfwe&ghth id DéllcRddi e gher ad@tivrf yi the titanpanent
D o O BSLetES o8 Y A PR S BEEI e By aoove
10 in the case of a cobalt FT catalyst, particularly when no noble metal
promoters and preferably no Re or Te 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.
It is believed that the presence of this titanium in the support also
15 improves the attrition resistance of a catalyst which includes such a

support.

In yet another embodiment of the invention, the catalyst support may be in
the form of porous particles coated with carbon. In an alternative
20 embodiment of the invention, the porous particles may, however, be free

of such a carbon coating.

The catalyst support may be modified by introducing a modifying
component precursor which includes a modifying component as described

25 hereinabove onto and/or into a catalyst support material.

When present, the drying during the first and/or the second preparation
steps, preferably during both preparation steps, may be carried out under
conditions at which the inorganic cobalt salt and the organic cobalt
30  compound will not readily decompose. Preferably, the drying during the
first and/or second preparation steps is carried out at above 25°C and

preferably at sub-atmospheric pressure.



When present, the drying during the first and/or the second preparation
steps, preferably during both preparation steps, may be carried out under
condi ti orsOanivdersh t he i norgani ¢ cobalt salt and the oPganBzieoivasx
conpound will not readily deconpose. Preferably, the drying during the
first and/ or second preparation steps is carried out at above 25C and
preferably at sub-atnospheric pressure. The inpregnation and, preferably,
al so the drying during the first preparation step may be effected at above
25C and preferably at subatnospheric pressure. Sufficient of a m xture of
the organic cobalt conpound in the carriygr liquid, which is preferably
wat er as hereinbefore indicated, nay be used so that the volune of the

m xture exceeds the pore volune of the support, typically by about 30%

After contacti the support with t nlc cobal t | t a d carrier
i qui d i xtur e ThendnoehEting, @BftarmsefeRilhoflFo nihe BN dhe difice s

sub- at nospher i Qpr@sRston step (Pnéiy b@féﬁ@dit@tilﬁt%bbma QB&: raaa%eféfbblwatlaﬂﬂc
typical ly about 100

.. With t i.nal pressure ty bei n t he range
50"t o 120 nbar (OSTGHP CBIPFY b SUTCROHERL iy Phdr | dragipy Gialat f on
slt ep, thedl npr Q@n@bﬁmmmye &eri@fligart mhudnysﬁdrefén::ablyﬁhat%as miafeagjmb rleon using a
slurry nade _up .o t S ort an t1on t anl c cobal t
oo peer dfdisof, oAb tad R Vg e R n RIS AR i s an
aqueous sol uti alunfuiof Nige tén@p@recgprdaw epadiut B0st epftert bentaaing i gl at e
cal cined internmedi ate

of the first preparat,ion st may, be subjected to
CTurry ohace 1 mopedhSiRoensoni opRl SBRLSs i SRe Reglel
inter mad: ate gambie@]ba@d?uﬂp@-t flywd siowlgfdrieb et Isnlloilragﬁzmp@ueﬂ@badséu@ab_t in tge
carrier liqui ef era erally nation an
ot erably -t he Bty B rarde. A0 T 20 GG Rsah S0 ai e
sub- at nosphi@r i dinpr pRSlire. typically being in the range 50 to 120 mbar(a), typically
about 80mbar(a).

In the first preparation step, the impregnation may be effected by slurry
phase impregnation using a slurry made up of the support and a solution
15 of the organic cobalt compound. Preferably, the solution of the organic

cobalt compound is an agueous solution.

During the second preparation step, the particulate calcined intermediate
of the first preparation step, may be subjected to slurry phase
20 impregnation with a slurry made up of the calcined intermediate particles
and a solution of the inorganic cobalt salt in the carrier liquid, preferably
water. Again, generally, the impregnation and, preferably, the drying may

be effected at above 25°C and/or at sub-atmospheric pressure.

25 The impregnation during the first and/or the second preparation step may
instead be done by means of incipient wetness impregnation using
sufficient impregnation solution to fill the pores of the support or the
calcined intermediate particles. The impregnated support or intermediate
may be dried at above 25°C and if required at sub-atmospheric pressure.

30 It might also be dried at atmospheric pressure under a flow of a gas such

as air or nitrogen.



The inpregnation during the first and/or the second preparation step may

i nstead be done by neans of incipient wetness inpregnation using sufficient
i mpr egnatworromaldutsion to fill the pores of the support ecTub®mieedocsned
internedi ate particles. The inpregnated support or internediate nay be
dried at above 25C and if required at sub-atnospheric pressure. It m ght
al so be dried at atnospheric pressure under a flow of a gas such as air or
nitrogen. Sufficient organic cobalt conpound and inorganic cobalt salt may
be used so that the resultant catal yst precursor contains between 5g Co/1
0Qg support and 70y Co/1 0Qg support, pygferably between 15g Co/1 0Oy
support and 40y Co/1 0Qg support. A dopant nay al so be introduced onto
and/or into the catalyst support. Wien present, the dopant is preferably

Cneponant Toe G R Lo hgAEEE bl O b el 1L
conmpound of a nwt tat 3ied edudtent caBNEhPreguLP c@mamssbétm@e@fsgo@oh@o;;um (Pd),

| at Pt th R
Cher cof . pr el o MRy e BopaiOGEmUBRHE PErarby ARyert co%ael O,

preferably it m@p§@{3@13m300MBo§éupd%w mass proportion of the metal of the
dopant (esp%m ally palladiumor plati nurr) to the active conponent netal
(especially“cobalt) nmay be fromO0.01 :100 to 3:100. The nitrogen content in

the catal yst prﬁeaupmrm@yawsbaod Mdmmnoritormsﬁ%mtprtﬁéefaaduysy shgrs@-tthan 0.5
mass% Cal cinatjon is re % carr% q§°“t t nge %gr bove 25C
causi ng the i %ﬂhﬁ'ﬁeé a qpa biFgyEIEE %8”% q! PFS N§R8/ or to
react with oxyges redi&;itﬁutylafltm actvd batalypr edrapaidny. CEer teshnouhaypder
oxi di si ng COﬂdItI%P or npl cobalt nitrate may be ¢ nver qd into a

ntroducéd as a dopan compound which is" a comgound 0

10 selected from the group consisting of palladium (Pd), platinum (Pt),

ruthenium (Ru), rhenium (Re) and a mixture of one or more thereof.

Preferably, the dopant compound is an inorganic salt, and, preferably it is

soluble in water. The mass proportion of the metal of the dopant

(especially palladium or platinum) to the active component metal

15  (especially cobalt) may be from 0.01:100 to 3:100.

The nitrogen content in the catalyst precursor may be less than 1 mass%,

preferably less than 0.5 mass%.

20 Calcination is preferably carried out a temperature above 25°C causing
the impregnated cobalt compound and salt to decompose and/or to react
with oxygen. Calcination is thus preferably carried out under oxidising
conditions. For example, cobalt nitrate may be converted into a
compound selected from CoO, CoO(OH), Cos04, C003 or a mixture of

25 one or more thereof.

The calcinations in the first and second preparation steps are typically
effected in a fluidized bed, or in a rotary kiln. During the first preparation
step, the at least partially dried impregnated support may be calcined
30 using an air/nitrogen mixture. The oxygen content of this gas mixture may
range from 0.01% to 20% (by volume), preferably from 0.5 to 20% (by

volume). The calcination temperature may be above 95°C, preferably



conpound sel ected from CoO CoQ(OH), Cg3q 4, CO2C3 or a m xture of one or
nore thereof. The calcinations in the first and second preparation steps
are typi cablgroadimated in a fluidized bed, or in a rotaPgTAB2M0/050083 ng t he
first preparation step, the at least partially dried inpregnated support
may be cal cined using an air/nitrogen m xture. The oxygen content of this
gas mxture may range fromO0.01%to 20% (by volune), preferably fromO0.5 to
20% (by volune). The cal cination tenperature may be above 95C,

pr ef er abl yabove 120 C, nore preferably above 200 C, but preferably not
above 400C. Thus, the calcination tenpefgture may be 250C- 400C, preferably
from280 to 330 C. The tenperature is nornmally increased from anbi ent

t enper at ur e, typi caIIy 25C, to 250 400 C at a rate of between 0.1 and

10C/ min, prefer t once ntration can be
cont Constant < abpYe 2D BB prRSARl rovpL 200k bl PR aRTE HNE n | ow
%yggn c;)(r)}ce% 480N, Ends, thee calinatiéh Vt@hftiierdtmeaniyygfbecmomoato on, tg} i

- VO e | nCr e | X e ncentrati on can done rlng e
Lormer ature i nareacbiaroraals it Gl iRt RS e mAl IntersR Dy o
(1?52630? Cé OTmmveﬁhpéﬂanF?tiygucéw zgm%gb%ﬁovzdobrc lm_@ranﬁ{té wf b@tWe@gt he range
(0] (0] y ca . JLNg. secon
preparati on té;]p1 ac”ﬂe é%/ s‘%lre%éarct)hj R{Pe&r pédapﬁ%i gﬁﬂ'at gﬁ‘ei AY9PRedi at e may

be cal ci ned i n o@héentrhlién tcanmsy aéptr@r@uarn't RIgric@ltied Balkcinatiormay it fgnbbe 200 C to
350C. The terrper ature is n i

increased from a nt fenperature,
ool ly 2e0 e i Adon e PR BB e 0 o 28 e
pr ef elriabl%g bet waﬁﬁer@naﬁomr(de&@ %0 Vol%ggggwh séuhioblménlhlﬁbn@aﬂgtfétibﬁtcgﬁg \A\n |
normal ly be in. t ra t 1 I C - abqut 1.
Vor & ohrt i cul atEorERR Bt b BdRdrtssrsiB ok S e Blr ati on
step may bel0seltetpedtse ¢260-h@0°C).i The GHSV during the calcination will normally
be in the range of 100 to 3000 h™", typically about 2000 h™.

During the second preparation step, the at least partially dried
impregnated intermediate may be calcined in air. The temperature during
15  calcination may then be 200°C to 350°C. 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 the calcination will normally be in the range of 100 to
3000 h™', typically about 2000 h™'. More particularly, the calcination
20 conditions in the second preparation step may be selected such that, in
the catalyst precursor, substantially all reducible cobalt is present in a

calcined state.

The calcination during the first and/or the second preparation step
25 may be carried out by using a heating rate and a space velocity that

comply with the following criteria:

(i) when the heating rate is < 1°C/min, the space velocity is at
least 0.76 m,3/(kg Co(NO3).,6H,0O)/h; and
30
(i)  when the heating rate is higher than 1°C/min, the space

velocity satisfies the relation :



the catal yst precursor, substantially all reducible cobalt is present in a
calcined state. The calcination during the first and/or the second

pr epar at iwo0 26108197158y be carried out by using a heating raTaBzneom7sipace
velocity that conply with the following criteria: (i) when the heating rate
is 1C mn, the space velocity is at least 0.76 M 3/ (kg Co(NO 3)2 6H20)/ h;
and (ii) when the heating rate is higher than 10 mn, the space velocity
satisfies the relation :l1og 20 - log 0.76 |og (space velocity) > log 0.76 +
log ( heating rate ) As also indicated hereinbefore, the nmetal of the
organi ¢ netal conpound and that of the jgorganic netal salt may be the
sane, and nmay be cobalt or nickel. Nickel is particularly suitable for
prepari ng a hydrogenation catal yst precursor in accordance with the present
invention. In a second enbodi nent of the invention, the catal yst precursor
may thus be a hydrogenation catal yst precursor suitable for the

hydr ogenati on of organi c conpounds. %r%@%, t he catal yst
precursor may t : i | dgg(g% tal yst
precursor, or aﬂﬁggﬁﬁﬁgghﬁggggégﬁ%%gga?aIyst @gecursog. orhg gﬁ%?e, t he
catal yst precursor can then be an al cohol synthesis catal yst precursor.
When the hydrotreating catal yst precursor is cobalt-based, it can be forned
in the sane mamsesdlsadidatedciodrainbefoes dide Fiesat loé theTorgpsic metginddngsiusd cat al yst
precur sor herekpgqﬁ&rgt escrupﬁg. @iCQ[di”q)tﬁ a_secaond as %ftt%ﬁ t he

i nvention, thereis p?over gerpay p’F‘S g4 {6y 8re%§|a| ﬁg 9 4va y%cf, whi ch

i ncl udes reduciongnicket.aNakyisis pariculahosuitable for preparing a hydrogenation

5 catalyst precursor in accordance with the present invention.

In a second embodiment of the invention, the catalyst precursor may thus
be a hydrogenation catalyst precursor suitable for the hydrogenation of
organic compounds. More specifically, the catalyst precursor may then be
10 an aromatics or an aldehyde hydrogenation catalyst precursor, or a
hydrodechlorination catalyst precursor. For example, the catalyst

precursor can then be an alcohol synthesis catalyst precursor.

When the hydrotreating catalyst precursor is cobalt-based, it can be
15 formed in the same manner as the cobalt-based Fischer-Tropsch

synthesis catalyst precursor hereinbefore described.

According to a second aspect of the invention, there is provided a process
for preparing a catalyst, which includes reducing a catalyst precursor
20 obtained by the process of the first aspect of the invention, thereby to

obtain the catalyst.

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

25 a Fischer-Tropsch synthesis catalyst.

When the catalyst precursor is a hydrogenation catalyst precursor as
hereinbefore described, the catalyst will then naturally be a hydrogenation

catalyst. The hydrogenation catalyst can then be used for hydrogenation



obtained by the process of the first aspect of the invention, thereby to
obtain the catal yst. When the catal yst precursor is a cobalt-based

Fi scher - Wopsmimnogisat hesi s cat al yst precursor as herei nbetCons2dessrsed, the
catalyst will naturally be a Fischer-Tropsch synthesis catal yst. \Wen the
catal yst precursor is a hydrogenation catal yst precursor as hereinbefore
descri bed, the catalyst will then naturally be a hydrogenation catal yst.
The hydrogenation catal yst can then be used for hydrogenati onof organic
conmpounds such as ol eochenmicals (fatty materials: fats and oils, fatty
acids and derivatives such as fatty nitytles, alcohols and al dehydes),
petroleum fractions such as distillates, resins and the like, nitro
conmpounds, oIefins diolefins aromati ¢ conmpounds, and the like. Mre

particularly, t h drogenation c taly t can then ver sui tably
to the producti nig i© @pe % QFRgTACAlS (faétyo’f‘a{)ﬁﬁ'ér ?aé that hi gh

selectivity is dTQ,I fdtey Beids &z@am@he@nv@fs §LQ)ﬁCbS Of@&ytrlﬂﬁﬂesﬁaélcdhﬂlsCah& yzed by

ni ckel - based c repared. i n accordanc t he pr i nventi on
6 hydr ogenat ARl BEGARHT drdclafy St adTeilelss; feans| fid T ke

hydr o- dechl or i matd edimpmas, dktms, diblefihy drargstivalonpoundd, ahy #ie Ike. t he i nvention
makes it possible to control the anpbunt of hydrogen and the hydrogen/ HCl
partial pressures in the systemvery carefully, thereby substantially

i nmprovi ng L he 3\§¢rec;bdru¢ut1)a/rlypfthé h?drrogaﬂettirc])ﬁrk;até' ifft &t mleyistbe RppIdr sérly may be
activate y re ctl on y C Nt act e.cata ursor w pure
hydrogen or wi tH' %blﬁgétg&ﬁ’émﬁ'i ?rh?‘Jef' gc?ﬁ??ﬁ'i"ﬁ‘ g 'mﬁ?f&anﬁﬁiréaéus m xture
may consi fst ﬁf H’grdgemﬁumtya:@dnmtemeﬁ ermole@efrrtaagmeshamﬁaeﬁlbea;glanyzeert in
respect of the actiye cat t. The gaseous m xture pr a cont ai ns at
om0 Vol undoiEGRe st oRishern Thereans Rl e conkedl

t enper at ur el0r angiengort a@Myabdy@Gatiah, hydro-dechlorination, and the like.

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

15  substantially improving the selectivity of the reaction.

The catalyst precursor may be activated by reduction by contacting the
catalyst precursor with pure hydrogen or with a gaseous mixture
containing hydrogen. The gaseous mixture may consist of hydrogen and
20 one or more inert gases which are inert in respect of the active catalyst.
The gaseous mixture 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 hour to about 24 hours and at a pressure ranging from ambient to

25 about 40 atmospheres.

According to a third aspect of the present invention, there is provided a
hydrocarbon synthesis process which comprises preparing a catalyst
using the process of the second aspect of the invention; and contacting
30 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.



5500C, preferably from about 300C to about 425C, for a period ranging from
0.5 hour to about 24 hours and at a pressure ranging fromanbient to about
40 at nospwerern/9rseording to a third aspect of the present/iBrueniorem, there
is provided a hydrocarbon synthesis process which conprises preparing a
catal yst using the process of the second aspect of the invention; and
contacting hydrogen with carbon nonoxide at a tenperature above 1000C and a
pressure of at least 10 bar with the catal yst so prepared, to produce

hydr ocar bons and, optionally, oxygenates of hydrocarbons. The tenperature
may be from 180 Cto 250 C, nore prefergbly from210 Cto 240 C. The
pressure nore preferably nmay be from 10 bar to 40 bar. Preferably, the

hydr ocarbon synthesis process is a Fischer-Tropsch process, nore preferably
a three phase Fischer-Tropsch process, still nore preferably a slurry bed
Fi scher-Tropsch process for producing a wax product. The hydrocarbon

sKnt Eegi S prgcash‘e ERpepdtee mlyltwd@rom hgohoo s Q@ea’ls,i mgr%b]@er‘lbblly ﬁ:@?verti ng

t he hydrocarbons : 110 , _oxygenates t i qui uel s and/ or

cher cal o The PE a2 BPic ertfie et L A arde bl BRoaCIAT JOdHIde by ¢ he
hydr ocar bon synfiohesi s process of the third aspect of the invention.

Accor di ng t% a fourth aspect of the present invention, there is provided a
hydr ogenati &n process which conprises preparing a catal yst using the
process of the rreferitl, am@eapdrotarbbue $yntRRlsl Procea ds cankigerdrMyodsrdr ogen and

an organi ¢ conmpound with the ca t so prepared,_to hydro enat t he
o gant o CompoulioCeTRe Mgt SEsIe Bl B Tesn Shateo R RE Sl U0t PSR M or oduced
by the more preferably a slurry bed Flscher-Tropsch process for producing a wax
product.
10

The hydrocarbon synthesis process may also include a hydroprocessing
step for converting the hydrocarbons and, optionally, oxygenates to liquid

fuels and/or chemicals.

15 The present invention extends also to products produced by the

hydrocarbon synthesis process of the third aspect of the invention.

According to a fourth aspect of the present invention, there is provided a
hydrogenation process which comprises preparing a catalyst using the
20 process of the second aspect of the invention; and contacting hydrogen
and an organic compound with the catalyst so prepared, to hydrogenate

the organic compound.

The present invention extends also to products produced by the

25 hydrogenation process of the fourth aspect of the invention.

EXAMPLES

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

30 following non-limiting examples.



hydr ogenati on process of the fourth aspect of the invention. EXAMPLES The
invention will now be described in nore detail, wth reference to the

f ol | ow ngwoantddmisti ng exanpl es. EXAMPLE 1 - Prepar at i onPofi/IBznfesoass ve
Catalyst A A 3Qg Co/0.075g PtLIOOg ( 1 .5g Si/1 0Qg Pural ox SCCa 2/ 150)
slurry phase Fischer-Tropsch synthesis ("FTS") catal yst was prepared on a
particulate nodified 1.5g Si/1 00y Pural ox SCCa 2/150 (trademark)

pre- shaped support using aqueous slurry phase inpregnation and dryi ng,
foll owed by direct fluidised bed calcination in air. This preparation was
done by neans of two inpregnation and c@dcination steps, both using an

i norgani ¢ cobalt conpound. In particular, the catalyst was prepared as
follows: 43.70g Co(NO 3)2-6H20 were di ssolved in 40m distilled water, and
0.024g of Pt(N 'ﬁL )2 (dissolved in 10m distilled water) were added to
this sol ution, —er 50.0Qg of the 1.5g Si/1 0Qg Pural ox SCCa 2/150
modi fi ed pre- sirpgttaisdFiabinpaettice @atddt Ao t he sol uti on. Aqueous slurry
phase i npregnatj n C ryj e effec hj acuym dri ed

Pt or ey at o vels o0 CO007S HHPOS L0 sUrtsa i GF ST A b DGR HEsEn <t ep
using a cont;nmeairropfsézmgyrﬂrﬁegs (I‘FUS’_B c@fdw;jsm?éva‘dﬂjré;ﬁarédl@h%agaém@(l)éébf .
tenperature from to at m n ping it at or
hours. 50 0F oA b G, BElNc FRGE. PUBD: {EHbears SFEsaBedd 1 ot he
foll owi ng 2nd aobpdrt (igihgtaynesis dpTyeptaicl impreyndticrabed 0gingoRolisvedby23. 51 g
Co(NO 3) 2. 6H20 were djssql ved in 40m distilled water and 0.039g of Pt (NH
3) 4. (NCb) (di s PG diseefs calggtio s "water) were added to this

This preparation was done by means of two impregnation and calcination

10  steps, both using an inorganic cobalt compound.

In particular, the catalyst was prepared as follows:
43.70g Co(NOs3),.6H,O were dissolved in 40ml distilled water, and 0.024g
of Pt(NH3)4.(NO3), (dissolved in 10ml distilled water) were added to this
15 solution, where after 50.0g of the 1.5g Si/100g Puralox SCCa 2/150
modified pre-shaped support were added to the solution. Aqueous slurry
phase impregnation and vacuum drying were effected. 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
20 temperature from 25C to 250°C at 1°C/min and keeping it at 250°C for 6
hours. 50.0g of this intermediate calcined material were subjected to the
following 2" cobalt/platinum impregnation and calcination step: 23.51g
Co(NO3),.6H,O were dissolved in 40ml distilled water and 0.039g of
Pt(NH3)4.(NO3). (dissolved in 10ml distilled water) were added to this
25 solution, and 50.0g of the ex 1% cobalt/platinum impregnated and calcined
intermediate were added. Aqueous slurry phase impregnation and
vacuum drying were effected. This vacuum dried intermediate was directly
subjected to a fluidized bed calcination step, according to the following
procedure using a continuous air flow of 1.7 dm>/min, while increasing the
30 temperature from 25°C to 250°C at 1°C/min and keeping it at 250°C for 6

hours.



solution, and 50.0g of the ex 1st cobalt/platinuminpregnated and cal ci ned
i nternmedi ate were added. Aqueous slurry phase inpregnation and vacuum
dryi ng wewe 2efofmectsed. This vacuum dried internedi ate wa®CuiiBEa0/HI0783Ubj ect ed
to a fluidized bed calcination step, according to the follow ng procedure
using a continuous air flowof 1.7 dnB n/mn, while increasing the
tenperature from25C to 250 OC at 1C mn and keeping it at 250 OC for 6
hours. I n preparation for |aboratory scale slurry phase continuous stirred
tank reactor ('CSTR ) Fischer-Tropsch synthesis (FTS) runs, this cal cined
materi al was reduced and wax coated in ggcordance with the foll ow ng
procedure: 1Qg of the catalyst was reduced at 1 bar in pure H2 (space
velocity = 2000mn g catalyst/h) whilst the tenperature was increased from
25C to 425C at .a rate of 1C/ mn re after the tenperature ept
constant at thi'd W%??ﬁ%?%‘t[li’(éat%ﬁratﬂ%ﬁcql%lsh’i@’ isesCo H\éoqseﬂtﬁ?gﬁ?aé‘gt al yst was
al | f)weddtg C00|reﬂﬂ&m(g@Trl?QOMSbﬁefmﬁb§édhlr eymh%wl(ems%stram thize cbm_?egen \r/]vas
repl aced by argon, .and the catal yst unl gaded in nolte scher - Tropsch wax
deaterat jad RTRA]

under the prot s gduge 8H M%%& fh?%c%%%{‘céo‘%'{fb A8t was then
transferred to pirdit%dafeurﬂog dfeta@to@talysEmvﬁleEu&of atPr QﬁarrabU@HQf(sp@@ém yst Bin

accordance ti on A 24 Pd/ 0. 061g Pt/ 100
371 00y Pubal deloalics Sk Aup shiysihebist i por b Uas dfRamed: s (- Brs')
c;alt al y?t wgs pﬁfﬂﬁQ@"@ tﬁiﬂﬁdpém'fal ratd 6t e Cridiihezed aﬂteﬁ@e&nlhﬁerame Rﬂaea: ox SCCa
2/ 150 (trademar re su rt u5| e tia slurry
phase prepar atik8ht g?ré%%”a%aaﬁothﬁr§ Gratﬁd@l? Mbé’gl %‘irsfl §9bed
cal ci nation i n camlyai waBiall6WwEgETd dBoK oW to room temperature at which stage the
hydrogen was replaced by argon, and the catalyst unloaded in molten
10  Fischer-Tropsch wax under the protection of an argon blanket. This wax

coated catalyst was then transferred to the slurry reactor.

EXAMPLE 2 —
Preparation of Catalyst B in accordance with the invention

15 A 24g Co/0.011g Pd/0.061g Pt/100g (1.5g Si/100g Puralox SCCa 2/150)
slurry phase Fischer-Tropsch synthesis (“FTS”) catalyst was prepared on
a particulate modified 1.5g Si/100g Puralox SCCa 2/150 (trademark) pre-

shaped support using two sequential aqueous slurry phase preparation

steps and drying, followed by direct fluidised bed calcination in an

20  air/nitrogen mixture.
This preparation was done by means of two preparation steps: The first
preparation step included a single impregnation step with an organic
cobalt compound, while the second preparation step included a single
25 impregnation step with an inorganic cobalt compound.

In particular, the catalyst was prepared as follows:

Preparation of impregnation solution 1

30 A cobalt ammonium citrate solution having a density of 1,3 g/l and
containing 1259/ cobalt was prepared by dissolving cobalt hydroxide in a

citric acid solution in a water/citric acid/cobalt hydroxide weight ratio of



Thi s preparation was done by neans of two preparation steps: The first
preparation step included a single inpregnation step with an organic cobalt
conpound,wotniog9ortse second preparation step included a CmgBmid/ngregnati on
step with an inorganic cobalt conpound. In particular, the catal yst was
prepared as follows: Preparation of inpregnation solution 1 A cobalt
ammonium citrate solution having a density of 1,3 g/l and containing 125g/|
cobalt was prepared by dissolving cobalt hydroxide in a citric acid
solution in a water/citric acid/cobalt hydroxide weight ratio of1/1/0.44.
After the cobalt hydroxi de was conpl etepy dissolved, the pH of the solution
was adjusted to 7 using amonia. To the resulting solution, tetram ne

pall adiumnitrate was added to result in a palladiumcobalt weight ratio of

0.0015:1 in the final ,solution. |npregnation/calcination ste 9. 6g of

i npregnati on s&VﬂbggnAﬁeM%Péx?8H§&B¥%'SON%EC%?&FWB'%?%ﬁ“@r%¥P8%d%Puralox
SCCa 2/ 150 nodithé edlufisrenwabaaR@tedUBPO Lsing AGeEHIS. B the! iesiibiag eolutigh, egnat i on
and vacuum drying were effected. The dried inpregnated support s cal cined
ina fluldized BEMPERABHVE, TR M5 PHEoR GIUH Mup PYRSBOTRDAE a heat i ng
rate of 2C/ m n,wdightaatb &%.A01%: vialtheE)al exM@en i n nitrogen flow of 2 dnB
n/mn. Under_ these conditions, the exothermresulting from conbustion of

or gani cs wad roughly 400C. As soon as the conbustion started, the

tenperature of |nbegaasor/ci@hativastaertiuced and adjusted to yield a reaction
et o R Qe roa TR e e B Bog |, e
2 Puralox SCCa 2/150 modified pre-shaped support. Aqueous slurry phase
impregnation and vacuum drying were effected.
10
The dried impregnated support was calcined in a fluidized bed reactor by
heating the material up to 300°C at a heating rate of 2°C/min, in a 1.6%
(by volume) oxygen in nitrogen flow of 2 dm?®/min. Under these
conditions, the exotherm resulting from combustion of organics was
15  roughly 40°C. As soon as the combustion started, the temperature of the
gas inlet was reduced and adjusted to yield a reaction temperature of
300-310°C. The combustion phase took 3.5 hours, after which the

calcination was assumed to be completed.

20 Impregnation/calcination step 2

50.0g of the intermediate calcined material from impregnation/calcinations
step 1 were subjected to the following 2™ cobalt/platinum impregnation
and calcination step:
37.04g Co(NOs3),.6H,O were dissolved in 25ml distilled water and 0.0569g
25  of Pt(NH3)4.(NO3). (dissolved in 10ml distilled water) were added to this
solution. 50.0g of the ex 1% step cobalt/palladium impregnated and
calcined intermediate were then added. Aqueous slurry phase
impregnation and vacuum drying were effected. This vacuum dried
intermediate was directly subjected to a fluidized bed calcination step,
30 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 hours.



50. Qg of the internmedi ate calcined material frominpregnation/cal cinations
step 1 were subjected to the follow ng 2nd cobal t/ pl ati num i npregnati on and
cal ci nat iw0 28104977537. 04g Co( NO3) 2- 6H20 wer e di ssol ved i mC28B2010h3083 | ed

wat er and 0.056g of Pt(NH3)4.(NO3)2 (dissolved in 10m distilled water)
were added to this solution. 50.0g of the ex 1st step cobal t/palladi um

i npregnated and cal cined internedi ate were then added. Aqueous slurry phase
i mpregnation and vacuum dryi ng were effected. This vacuumdri ed
internediate was directly subjected to a fluidized bed cal ci nation step,
according to the follow ng procedure uspsng a continuous air flow of 1.6 dnB
n/mn, while increasing the tenperature from25C to 250C at 1C/n1 n and
keeping it at 250 OC for 6 hours. The catal yst precursor (i . after the 2nd

i npregnation a i nati on ted/ redu ed t n the catal yst
by uei e the. prSEeaENSt Ao e PRSELE An EPinaoLatd paidnay %W@ﬁd

reducgI ion te_rrp(ﬁnrcm;]aué@rearaSecBRB&E;Atad:‘Qﬂ‘.*eLVE4 b,t/EIygt l;yz E’ﬁlgt@ﬁe'i@ﬂoﬁéﬁwé dggd%b}ait ogg in
accordance wt e 1L nvention .U 20 |

Por el on a2 EBTMER Pycpmues Fetkadietichos e aP it nas FE B e oaval yst
was prepared on a particulate nodified 1.5 Si/1 00y Pural ox SCCa 2/ 150

(trademark) pr support using two sequential aqueous slurry phase
i npregnati oR st 3 ying, followed by direct fluidised bed calcination

in an air/nitr cgepargiiof ¢ffGataldtiGinRiced@batd With ikasnd@é@aen by neans of two

preparation steps; Th T e ag.i step | d i ngl.e

i npregnati on st@%4#9ﬁ'0§39}|t1/d§ﬁ9 Eﬁé%gﬁﬁbgcﬁo‘ffglé’ﬁ%?&%ﬁﬁi?@ S?Lf{@'g%r@%nd

preparation st éfisdheeiriopech ayrihaiid EFTS”) catalyst was prepared on a particulate
modified 1.5g Si/100g Puralox SCCa 2/150 (trademark) pre-shaped

10  support using two sequential aqueous slurry phase impregnation steps

and drying, followed by direct fluidised bed calcination in an air/nitrogen

mixture.

This preparation was done by means of two preparation steps: The first
15 preparation step included a single impregnation step with an organic
cobalt compound, while the second preparation step included a single

impregnation step with an inorganic cobalt compound.

Catalyst C was prepared in exactly the same manner as Catalyst B except

20  for the preparation of impregnation solution 1.

The preparation of impregnation solution 1 for Example 3 was done as
follows:
A cobalt ammonium citrate solution containing 1259/l cobalt was prepared
25 by dissolving cobalt hydoxide in a citric acid solution in a water/citric
acid/cobalt hydroxide weight ratio of 1/1/0.44. After the cobalt hydroxide
was completely dissolved, the pH of the solution was adjusted to pH7
using ammonia. To the resulting solution, tetramine platinum nitrate was
added to result in a platinum:cobalt weight ratio of 0.0015:1 in the final

30 solution.



i npregnation step with an inorganic cobalt conpound. Catalyst C was
prepared in exactly the same manner as Catal yst B except for the

pr epar at iwo 20fo/a9npsregnat i on sol ution 1. The preparati onPofl/IBIMO/eRAEH i on
solution 1 for Exanple 3 was done as follows: A cobalt amoniumcitrate

sol ution containing 125g/| cobalt was prepared by dissol ving cobalt
hydoxide in a citric acid solution in a water/citric acid/cobalt hydroxide
wei ght ratio of 1/1/0.44. After the cobalt hydroxide was conpletely

di ssolved, the pH of the solution was adjusted to pH7 using ammonia. To the
resulting solution, tetramne platinumsitrate was added to result in a

pl ati num cobalt weight ratio of 0.0015:1 in the final solution. All of
catalysts A, B, and C were tested for Fischer-Tropsch synthesis performance

using a slurry phase TR The follow ng Fischer-Tropsch synthesis reaction
CondLt fons. wer gl Ve Roatd ot WEEmR (1 o a5 RBat P EP Basur o 15
bar Catal yst | peeingdnteCdsingl@ siirgnpliddd GSTR) T folleivEIgoRis&EDrdldckO i nl et
ratio 1.6:1 Argon internal stapdard 15 vol % As all FT conditions were the
same, the rel atVOBeg§" 'P@F?VHWQ§MGE?EFWFWB ‘by calculating the FT
activity of each caRahstteaperaiire CO convep3deEd/ g catal ys/s and nmade
relative to _catal ysk A. Cat all¥sts B and C, &s) Iprepar ed in accordance with
the inventidn usi ngREBHRI &Y Pate in the 18P npregnation and cobalt
nitrate in the 2nd capnggmaentory, had a rel ed.i10g)rym15% | ower cobal t | oadi ng
and showed an

(H2 + CO) conversion : 60%
H,:CO inlet ratio : 1.6:1
Argon internal standard 15 vol%

10
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 catalys/s and made relative to catalyst A.

15 Catalysts B and C, as prepared in accordance with the invention using
cobalt citrate in the 1% impregnation and cobalt nitrate in the 2™
impregnation, had a relatively 15% lower cobalt loading and showed an
activity enhancement of 27% and 30% respectively compared to
comparative Catalyst A, which was prepared by using cobalt nitrate in both

20 the 1% and 2™ impregnation step, under the reaction conditions described

above.

Catalysts B and C prepared according to this invention showed a
considerably higher dispersion of smaller cobalt crystallites compared to
25 conventionally prepared cobalt nitrate-only impregnated Catalyst A. This
improved dispersion is demonstrated by XRD crystallite size

determination, as given in Table 1.

30



activity enhancenent of 27% and 30% respectively conpared to conparative
Catal yst A, which was prepared by using cobalt nitrate in both the 1st and
2nd i npr eyoabioo7step, under the reaction conditions de®CTiiBEdo/einosse.

Catal ysts B and C prepared according to this invention showed a

consi derably hi gher dispersion of smaller cobalt crystallites conpared to
conventionally prepared cobalt nitrate-only inpregnated Catalyst A This

i nproved di spersion is denonstrated by XRD crystallite size determ nation,
as given in Table 1. TABLE 1: Cobalt content, cobalt oxide crystallite size,
and rel ative Fischer- Tropsch (FT) actisjty for catalysts A B, and C The
average cobalt oxide crystallite size determ ned by nmeans of XRD, for
catalyst A, was 15 nm, while the average cobalt oxide crystallite size
det er mi ned for'FMﬂ’}’ch S|n|f|ctl ler. EXAMPLE 4 -
Preparati on of er-yro 208t 529 ygialie size A Co/ 0.01 1g
Pd/ 0. 0619 Pt/1Q0mgch}Fﬁmc$umgfoQ@aﬂagtgaN @xam:Ca 2/ 150) sI urry phase

Fi scher-Tropsch synthesis ("FTS') catal yst was prepared on a particul ate
nodified 1.5g Si/1 00y Pural ox SCCa 2/150 (tradenmark) preshaped support

usi ng two sequntl al aqueous sl w4ty gﬂpase pr@@@m,agtlson gafgstand |dryi ng,
foll owed by di e bed c3 1 n-a alr/initrogen Al xture.
This preparati gﬂs of tvvo préﬁarati on §t8eps: The first
preparation st p),reag&tuﬂqmyq single inpregnatlion step With an organi c cobalt
compound, whi | e_the ond preparation steptincluded g single iApregnation
step with an mbﬂ%‘?ﬂ@a'@@b%eco‘c dRpound. I n particul ar, |[the catal y{st was

prepared as fol bgws:prBEgB&T gidrgn of inpregnation solutjion 1
to reduction [nm]
Relative FT activity 100 127 130

5 The average cobalt oxide crystallite size determined by means of XRD, for
catalyst A, was 15 nm., while the average cobalt oxide crystallite size

determined for catalysts B and C was significantly smaller.

EXAMPLE 4 —

10 Preparation of Catalyst D in accordance with the invention
A 18g Co0/0.011g Pd/0.061g Pt/100g (1.5g Si/100g Puralox SCCa 2/150)
slurry phase Fischer-Tropsch synthesis (“FTS”) catalyst was prepared on
a particulate modified 1.5g Si/100g Puralox SCCa 2/150 (trademark) pre-

shaped support using two sequential aqueous slurry phase preparation

15 steps and drying, followed by direct fluidised bed calcination in a

air/nitrogen mixture.

This preparation was done by means of two preparation steps: The first
preparation step included a single impregnation step with an organic
20  cobalt compound, while the second preparation step included a single

impregnation step with an inorganic cobalt compound.

25



A cobalt anmoni um EDTA solution containing 7 1.4g/l cobalt was prepared by
di ssol ving cobalt hydroxide in a EDTA solution in a water/EDTA/ cobalt

hydr oxi dewaebgio7rsati o of 1/1/0.25. After the cobalt hy@®#CoOABLR0/OEGS3

conpl etely dissolved, the pH of the solution was adjusted to 7 using
ammonia. To the resulting solution tetramne palladiumnitrate was added to
result in a palladiumcobalt weight ratio of 0.0015:1 in the final

solution. Inpregnation/calcination step 1 64.6g of inpregnation solution 1
was added to 50.0g of the 1.5g Si/1 0Qg Pural ox SCCa 2/ 150 nodified
pre-shaped support and vacuum dryi ng wags ef fected. The dried inpregnated
support was calcined in a fluidized bed reactor by heating the material up
to 3300C with a heating rate of 20 mn, in a 1.6% (by volunme) oxygen in

ni trogen flom1 gﬁi n gnder thesg condi tions, the exotherm

resul ting fro ﬁWﬁ%@f crtalgtysi ReePare ?%ﬁ@ﬂW? 200C. As soon as the
conbusti on starts the tenperature of the gas inlet is reduced and adj usted
toyield in areaction te -erature of 300 330 0C. The conbustion phase took
5 hours, after SHBPRURIQNQ| QA assumed to be conpl et ed.

| npregnation/cad ccbmtanﬂﬁorst;rarztﬁrAT Bstutiont eohtatlh @b €.460 baddlt vaad praparem

2n cobal © BpregIu Cane EUFENRT SrE TR0 B AR TR o

532(2 NSB%Z 6H28t &Wdro‘?ﬁd@%@%g‘ht(d&iﬁ)}& I1l7|1/wagerAftehaMbngg@altzm}?aﬂo&ldégWaén'lt_i o; -
a CcO t . , ensl t a 0 .
(2} uet ed w t n s easbieda i PHooBERoR i Reseidiided o ¥ GsfigP

ammonia. To the resulting solution tetramine palladium nitrate was added

to result in a palladium:cobalt weight ratio of 0.0015:1 in the final solution.

10
Impregnation/calcination step 1
64.6g of impregnation solution 1 was added to 50.0g of the 1.5g Si/100g
Puralox SCCa 2/150 modified pre-shaped support and vacuum drying was
effected.

15

The dried impregnated support was calcined in a fluidized bed reactor by
heating the material up to 330°C with a heating rate of 2°C/min, in a 1.6%
(by volume) oxygen in nitrogen flow of 2 dm?®/min. Under these
conditions, the exotherm resulting from combustion of organics is roughly
20 20°C. As soon as the combustion starts the temperature of the gas inlet is
reduced and adjusted to yield in a reaction temperature of 300-330°C. The
combustion phase took 5 hours, after which the calcination was assumed

to be completed.

25 Impregnation/calcination step 2

The intermediate cobalt/palladium impregnated and calcined ex-step 1

material was subjected to the following 2™ cobalt impregnation and

calcination step:

49.5 of a solution of Co(NO3),.6H20O and Pt(NH3)4.(NO3), in water, having
30 a cobalt content of 142.5g/l, a Pt content of 0.21g/ml, a density of 1.34g/ml

and a pH of 2.8 (adjusted with ammonia) was added to 35.0g of the ex 1%

cobalt/palladium impregnated and calcined intermediate. Aqueous slurry



cobal t/ pal | adi um i npregnated and cal ci ned i nternedi ate. Aqueous sl urryphase
i npregnation and vacuum dryi ng was effected. This vacuumdried internedi ate
was di recwbyposubjmeted to a fluidi zed bed cal ci nati on sPep/IBaae/03odsang to
the foll ow ng procedure using a continuous air flow of 1.6 dnB n/mn, while
increasing the tenperature from 25C to 2500C at 1C/ mn and keeping it at
2500C for 6 hours. The catalyst precursor (i.e. after the 2nd inpregnation
and cal cination) was activated/reduced to obtain the catal yst by using the
procedure as described in Exanple 1, except that the end tenperature was
375C. EXAVPLE 5 - Preparation of Catalysg E in accordance with the
invention A 18g Co/0.01 1g Pd/0.061g Pt/100g (Titanium (1V) Oxide) slurry
phase Fi scher-Tropsch synthesis ("FTS") catalyst was prepared on a Titanium

(I'V) Oxide support using two sequential .aqueous_s| urry. phase pyeparation
St ons and. dry) RDESe BTPEARED, A BEBym R eac 5t o S AR DI B o
ai r/nitrogen mixbticliatd vss airen@r lbjestedVas adlndizdy bee asairedtioh Wler epar at i on

steps: The first preparation step included a single inpregnation step with
2 or gani ¢ cobdlPoLBpE A OWHING PIEIUECIRD fr SRUPURIORT PR hEI uded a

si ngl e i npr egnaimmirsvéfle Widréasiiy the esraperature @l 25°C eSOt 1Po/mmiar ticul ar,
e oy e e ShRh iy 3ot Bl oPor 1 07, f 1 TPregnat on solut on
by dissolving cobalt hydroxide in a citric acid solution in a water/citric
acidcovel | _ydoxt i el AT qld bV 0yl S 26, Lie bt o oc e

activated/reduced to obtain the catalyst by using the procedure as

described in Example 1, except that the end temperature was 375°C.

10

EXAMPLE 5 —

Preparation of Catalyst E in accordance with the invention

A 18g Co0/0.011g Pd/0.061g Pt/100g (Titanium (IV) Oxide) slurry phase

Fischer-Tropsch synthesis (“FTS”) catalyst was prepared on a Titanium

15 (V) Oxide support using two sequential aqueous slurry phase preparation
steps and drying, followed by direct fluidised bed calcination in a

air/nitrogen mixture.

This preparation was done by means of two preparation steps: The first
20 preparation step included a single impregnation step with an organic
cobalt compound, while the second preparation step included a single

impregnation step with an inorganic cobalt compound.

In particular, the catalyst was prepared as follows:
25
Preparation of impregnation solution 1

A cobalt ammonium citrate solution containing 1279/l cobalt was prepared
by dissolving cobalt hydroxide in a citric acid solution in a water/citric
acid/cobalt hydroxide weight ratio of 1/1/0.44. After the cobalt hydroxide
30 was completely dissolved, the pH of the solution was adjusted to 7 using
ammonia. To the resulting solution, tetramine palladium nitrate was added

to result in a palladium:cobalt weight ratio of 0.0015:1 in the final solution.



ammonia. To the resulting solution, tetram ne palladiumnitrate was added
to result in a palladiumcobalt weight ratio of 0.0015:1 in the final
sol uti on.woppsgatsion/ cal cination step 1 39. 1g of i npregmaB2omoxosuti on 1
was added to 50.Cg of the Titanium (1V) Oxide support and vacuum dryi ng was
effected. The dried inpregnated support was calcined in a fluidized bed
reactor by heating the material up to 3000C with a heating rate of 2C/ m n,
ina l.6% (by volune) oxygen in nitrogen flow of 2 dnB n/mn. Under these
conditions, the exothermresulting fromconbustion of organics is roughly
300C. As soon as the conbustion starts $he tenperature of the gas inlet is
reduced and adjusted to yield in a reaction tenperature of 300-310 OC. The
conbusti on phase took 3.5 hours, after which the cal cination was assuned to
be conpl eted. | npregnati on/.ca}l Ci nat' on step 2 The internediate
cobal t/ pal | adi J@WMMCi ned ex-step 1 material was subjected
to the fol | ow ray. nef i hfgntatuorfr%lemai Wes ed eaboiogal it TRAregm (8. 1 of a
sol ution of Co 2. 6H O r? %Nc@ﬁfﬁ n wat er, having a cobalt
content of 139. SupRo dﬂ? 'EYf %Y a density of 1.34g/m and a
pH of 2.9 (adjusted W|th ammoni a) was added to 25.Qg of the ex 1st
cobal t/ pal | adi nat ed nd cal ci ned, i nternedi ate ueous slurry
phace. | hor egnat TBrTBHA P EadaIR ALPPY NS ITRHaD S GrikoahiaalT avi od
inter gedi ate Wafea]tcirhglf F@tma&eﬁamjpetc'?ed ¢ with af heaitiag 7ed ob2TC/ma, G falata%nf st ep, D
according to t ollo rocedure usi upus air ow of 1.
e whi e i B cRTR] BReRheRbaliRasT oo ofh Z58TT T Ts0 Bedert HESP

conditions, the exotherm resulting from combustion of organlcs is roughly

30°C. As soon as the combustion starts the temperature of the gas inlet is

10 reduced and adjusted to yield in a reaction temperature of 300-310°C. The
combustion phase took 3.5 hours, after which the calcination was

assumed to be completed.

Impregnation/calcination step 2

15 The intermediate cobalt/palladium impregnated and calcined ex-step 1
material was subjected to the following 2™ cobalt impregnation and
calcination step:

36.1 of a solution of Co(NO3)2.6H20 and Pt(NH3)4.(NO3)2 in water, having
a cobalt content of 139.4g/l, a Pt content of 0.21g/ml, a density of 1.34g/ml

20 and a pH of 2.9 (adjusted with ammonia) was added to 25.0g of the ex 1%
cobalt/palladium impregnated and calcined intermediate. Aqueous slurry
phase impregnation and vacuum drying was effected. 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

25  dm®/min, while increasing the temperature from 25°C to 250°C at 1°C/min

and keeping it at 250°C for 6 hours.

The catalyst precursor (i.e. after the 2n impregnation and calcination) was
activated/reduced to obtain the catalyst by using the procedure as

30 described in Example 1, except that the end temperature was 375°C.



and keeping it at 250 OC for 6 hours. The catal yst precursor (i.e. after
the 2nd i npregnation and cal ci nation) was activated/reduced to obtain the
cat al yst W9 208v0eg7sthe procedure as descri bed in Exanpl ePCI/IBXa@pio7shat t he
end tenperature was 375C. EXAMPLE 6 - Preparation of Conparative Catal yst F
A 2 1g Co/0.075g Pt/100g (Titanium (1V) Oxide) slurry phase Fischer-
Tropsch synthesis ("FTS') catalyst was prepared on a Titanium (IV) Oxide
support using two sequential aqueous slurry phase preparation steps and
drying, followed by direct fluidised bed calcination in air . This
preparati on was done by neans of two inggegnation and cal ci nati on steps,
both using an inorganic cobalt conmpound. In particular, the catal yst was
prepared as follows: |Inpregnation/calcination step 1 74.1 of a solution of
Co( NB) 2. 6H20 325 ﬁ(gl—B)A (NGB3)2 in water, having a cobalt content of 15
1.59/1, a Pt c L .07g/mM, a density of 1.37g/m and a pH of 2.7
(adjusted with F&gmmi.@ﬁofandnda@nmaﬁgwyﬁs added to 50. Qg of Titanium (I1V)

Oxi de support va r e fec s .vacuum drj ed i npregnat ed
ouppor oo i PR aCa T G el el I8 oA R PRERS Ectetp o

accordi ng to theopsehls9rthBgis PIraSeistslydi SVa’dprépredbh RUDESIuA (IV] Ogideof 1.6 dnB
n/mn, while increasi ng twgéa t%?rature from ZEC to 250 0C @) 1 mn and
keeping it SHEPYEF0Y 'al) 3RHPRYHELTE RNESA RIERAEICH SEPEA"S The

i nternedi ate cafpghd,/follocdmyirebPiuagssl il @nshatidhoi sied ex-step 1 nateri al
was subjected to the follow ng 2nd cobalt inpregnation and cal ci nation
step:

This preparation was done by means of two impregnation and calcination
steps, both using an inorganic cobalt compound.
10

In particular, the catalyst was prepared as follows:

Impregnation/calcination step 1
74.1 of a solution of Co(NO3),.6H20 and Pt(NH3)4.(NO3), in water, having
15  a cobalt content of 151.5g/l, a Pt content of 0.07g/ml, a density of 1.37g/ml

and a pH of 2.7 (adjusted with ammonia) and 10g water was added to
50.0g of Titanium (V) Oxide support and vacuum drying was effected.
This vacuum dried impregnated support was directly subjected to a
fluidized bed calcination step, according to the following procedure using a

20  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 hours.

Impregnation/calcination step 2

The intermediate cobalt/platinum impregnated and calcined ex-step 1
25 material was subjected to the following 2™ cobalt impregnation and

calcination step:

30g of a solution of Co(NO3)2.6H20 and Pt(NH3)4.(NO3). in water, having a

cobalt content of 140.3g/l, a Pt content of 0.21g/ml, a density of 1.34g/ml

and a pH of 2.6 (adjusted with ammonia) was added to 30.6g of the ex 1%
30 cobalt/platinum impregnated and calcined intermediate. Aqueous slurry

phase impregnation and vacuum drying was effected. This vacuum dried

intermediate was directly subjected to a fluidized bed calcination step,



30y of a solution of Co(NGB)2-6H20 and Pt (NH3)4.(NOG3)2 in water, having a
cobalt content of 140.3g/l, a Pt content of 0.21g/m, a density of 1.34g/mn
and a pHwO 2810009(dj ust ed wi th amoni a) was added to 30P6F/1B1010/h378X 1St
cobal t/pl ati num i npregnated and cal ci ned internedi ate. Aqueous slurry phase
i npregnation and vacuum drying was effected. This vacuumdried internedi ate
was directly subjected to a fluidized bed cal cination step,according to the
foll ow ng procedure using a continuous air flow of 1.6 ddmB n //nmminn,,
wwhhiillee iinnccrreeaassiinngg tthhee tteemppierature from25C to 250 0C
at 10 mn and keeping it at 250 OC foroé hours. The catal yst precursor
(i.e. after the 2 nd inpregnation and cal cination) was activated/reduced to
obtain the catal yst by using the procedure a s described in Exanple 1,
except that the en ,tenp%r%t re was 375C EXAMPLE z - Preg%ratior of
Catal yst G in ZCEYFEINCNG PP RS PIYAFENTE SN Q218 eous. 91 M9y Pal-6. 0619
Pt/ 1:)09 (Sili cmm@hmcglivdﬁ)a ir$dret_is|ﬁr)g mbaﬁﬁp&hgj@&bm 25rops 2bo-gydttthesia (" FTS'l')
catal yst was prepared o.n i ljcon dioxide support using two sequentia
aqueous sIurryEﬁﬁi@@”ﬁ?&ﬁ%?@?ﬁﬂhrgp@ﬂ?'and drying, followed by direct

fluidised bed calcination in a air/nitrogen mxture. This preparation was

done by neans t reparatiaon steps: . Jhe first preparation step included
S e ngl e T B e g P BBt e ShERe 2n EresbalioT BB RUAR BRS¢ ho

second pr epar atdcovatsd/efucac | todestain HHeanGhtaljsipsegrnl e prepduiet Asa n
i norgani ¢ coba

Fol | ows: I mpr ogIFACTHERNG GEPHELT BrE< Bt Hed e GPERU SRR GIat on sl uti on 1
fromExanple 5 (Catalyst E) and 4Qg
EXAMPLE 7 —
10  Preparation of Catalyst G in accordance with the invention
A 18g Co0/0.011g Pd/0.061g P1/100g (Silicon dioxide) slurry phase Fischer-

Tropsch synthesis (‘FTS”) catalyst was prepared on a Silicon dioxide

support using two sequential aqueous slurry phase preparation steps and

drying, followed by direct fluidised bed calcination in a air/nitrogen mixture.

15
This preparation was done by means of two preparation steps: The first
preparation step included a single impregnation step with an organic
cobalt compound, while the second preparation step included a single
impregnation step with an inorganic cobalt compound.

20

In particular, the catalyst was prepared as follows:

Impreagnation/calcination step 1

39.1g of impregnation solution 1 from Example 5 (Catalyst E) and 40g
25 water was added to 50.0g of the Silicon dioxide support and vacuum

drying was effected.

The dried impregnated support was calcined in a fluidized bed reactor by
heating the material up to 300°C with a heating rate of 2°C/min, in a 1.6%
30 (by volume) oxygen in nitrogen flow of 2 dm,/min. Under these conditions,
the exotherm resulting from combustion of organics is roughly 30°C. As

soon as the combustion starts the temperature of the gas inlet is reduced



wat er was added to 50.0g of the Silicon dioxide support and vacuum dryi ng
was effected. The dried inpregnated support was calcined in a fluidized bed
react or byoheswiont4t he material u p to 300 OC with a he&Cirng2medi78s
2C/mn, inal .6%(by volune) oxygen in nitrogen flow of 2 dmn/m n. Under
t hese conditions, the exothermresulting fromconbustion of organics is
roughly 3 0 0OC. A s soon a s the conbustion starts the tenperature of the
gas inlet is reducedand adjusted to yield in a reaction tenperature of
300-310. The conbusti on phase took 3.5 hours, after which the cal ci nation
was assuned to be conpl eted. |npregnatigy/calcination step 2 The

i nternedi ate cobal t/pal |l adium i npregnated and cal cined ex-step 1 materi al
was subjected to the follomjng 2nd cobalt inpregnation and cal cination

step: 28.9g of a solutl (.NO 3) 2- 6H20Q and Pt ( NH3) .(%ﬁﬁ) in water,
havi ng a cobal t@ Eoﬁf“é!ﬁtte &45/ A, 2%‘0&?” gSWPEth“r fgg.ag)g' m ,%hﬁ density
of 1.34g/mM andombokticf pBaQe (tadk Ltsseldowms,t iftanmaica)thenchldifgionatvas was added
to 20. Qg of the ex i cobal t/ﬁal | adi um i npr egnat ed and cal ci ned

i ntermedi ate. A§SWBES APLFIYPIBRLse i nmpregnati on and vacuum drying was
effected. This vacuumdried internediate was directly subjected to a

fluidized bed cal cinatiogon step, according to the follow ng procedure using
a conti nuou aﬁﬂgﬁm&m n, while increasing the tenperature
from25C to ZSQGeahte’kﬁém'afe aa@bnk@mpaum inﬁpragnﬁéd)@nﬁ%alﬁném@k&tepme cat al yst
precursor (i.e. r the i on a nation) was
et vat od 1 eduBetd Wit R T JoloNys e abThampieGBRR &nds
descri bed i n BExamatiod stepxcept that the end terrperature was 375C
28.9g of a solution of Co(NO3)2.6H20 and Pt(NH3)4.(NO3), in water, having
10  a cobalt content of 139.4g/l, a Pt content of 0.21g/ml, a density of 1.34g/ml

and a pH of 2.9 (adjusted with ammonia) and 10g water was added to
20.0g of the ex 1% cobalt/palladium impregnated and calcined
intermediate. Aqueous slurry phase impregnation and vacuum drying was
effected. This vacuum dried intermediate was directly subjected to a

15 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 hours.

The catalyst precursor (i.e. after the 2n impregnation and calcination) was
20 activated/reduced to obtain the catalyst by using the procedure as

described in Example 1, except that the end temperature was 375°C
Catalysts D, E, F and G were analysed for cobalt content and cobalt oxide

crystallite size. The results are given in Table 2.
25

30



Catalysts D, E, F and G were anal ysed for cobalt content and cobalt oxide
crystallite size. The results are given in Table 2. TABLE 2 Cobalt content,
and cobalwoaxiodw7snystal lite size, for catalysts D, E, FCans20®/Cred yst
Catal yst Catalyst Catalyst D E F G Cobalt content prior to 18 18 2 1 18
reduction [nP4 XRD crystallite size of oxide precursor prior to 8 10 32 8
reduction [nn] Catalyst D prepared with a different organic precursor
(Cobalt EDTA) in the first preparation step to that used for the
preparation of Catalyst B (Cobalt citrate) also showed good di spersion of
cobalt crystallites conpared to the conyentionally prepared cobalt
nitrate-only inpregnated Catalyst A Catalysts E and G prepared on
different supports (TiO, SiO) according to this invention showed a

consi derably hi .Illtes c-npared to
conventional ly . t

Catal yst F. Thgﬁgiggggoved dlsperS|ons are dennnstrated by XRD crystallite
size determ nation, as given in Table 2. EXAMPLE 8 - Preparation of
Catalyst Hin accordance with the invention A 239 C0/0.0037Sg Pd/0.0?Sg
PI/1 00 ( 1 .5g Sir/1 00y Puratox u ase r-Tropsch
synthesis ("FT$") catal yst was prepareg orégkgéﬁt é%@?? nﬁg”?led 1.59 Si/1
00y Pural ox SCGa 2/ 150 D E

Cobalt content prior to

PN

18 18 21 18
reduction [m%]
XRD crystallite size of
oxide precursor prior to |8 10 32 8

reduction [nm]

5 Catalyst D prepared with a different organic precursor (Cobalt EDTA) in
the first preparation step to that used for the preparation of Catalyst B
(Cobalt citrate) also showed good dispersion of cobalt crystallites
compared to the conventionally prepared cobalt nitrate-only impregnated
Catalyst A.

10
Catalysts E and G prepared on different supports (TiO,, SiO;) according to
this invention showed a considerably higher dispersion of smaller cobalt
crystallites compared to conventionally prepared cobalt nitrate-only
impregnated comparative Catalyst F. These improved dispersions are

15 demonstrated by XRD crystallite size determination, as given in Table 2.

EXAMPLE 8 —

Preparation of Catalyst H in accordance with the invention

A 23g Co0/0.00375g Pd/0.075g Pt/100g (1.5g Si/100g Puralox SCCa
20 2/150) slurry phase Fischer-Tropsch synthesis (“FTS”) catalyst was

prepared on a particulate modified 1.5g Si/100g Puralox SCCa 2/150
(trademark) pre-shaped support using sequential aqueous slurry phase
preparation steps and drying, followed by direct fluidised bed calcination in

an air/nitrogen mixture.



(trademar k) pre-shaped support using sequential aqueous slurry phase
preparation steps and drying, followed by direct fluidised bed calcination
in an ai rwoizbroagers4m xt ure. This preparati on was done byPeEARH1GH5078%0
preparation steps: The first preparation step used an organi c cobalt
conpound, while the second preparation step used an inorganic cobalt
conpound. The inpregnation with the inorganic cobalt conmpound in the second
preparation step was repeated once (i.e. inpregnations 2a and 2b). In
particular, the catalyst was prepared as foll ows: Preparation of

i mpregnation solution 1 A cobalt ammoniggn citrate sol uti on contai ni ng
125g/1 cobalt was prepared by dissolving cobalt hydroxide in a citric acid
solution in a water/citric acid/cobalt hydr oxi de wei ght ratio of 1/1/0.44.
After the cobalt h drOX|de was, conpl etely di ssolved, the e solutlon
s ad) ust ed r 0 HEPAE hingR ne Ty THETS SR TEeR 1Be

pal I adi um ni t Félir@paﬁ@tﬁ)naélégdusfe@ éles;ugénn @oaalp@bdn@dununwmi@atﬁe v&joght ratl o of
0.0015:1 in the sol ut gg ﬁnatloB/caIC|n on, ste
0

i mpr egnat i on sd%r‘iﬁelr%‘f?”lstsﬂd‘s%ﬁ’” i&r CRaIt SO hae %W%g%%'of‘he 1. Sg

Si/1 0Qy Pural wm&@@an&/géﬁe osbait Ebmﬁo@foemsm@m@oﬁwpmvatat@ﬁobw@msm drying

was effect e% The CLed i grea port s calcined in a fluidized bed
e

te
reactor by ReatPRRFEheFel-Br g@agqrg d®®)wi th a heating rate of 2C/ min,

in a 1.6@6(by volune) oxygen in nitrogen flow of 2 dnB n/m n. Under these
condi ti ons, It| from stion of organics is roughly
300C. As soon j@ 'ﬁ'@m ﬁﬁj%aﬁ?ﬂ af’rr?%ar?iéggﬂ%érature of the gas inlet is
reduced and adjusted to yield in a reaction tenperature of 300-310 0C. The

Preparation of impregnation solution 1

10 A cobalt ammonium citrate solution containing 125¢g/l cobalt was prepared
by dissolving cobalt hydroxide in a citric acid solution in a water/citric
acid/cobalt hydroxide weight ratio of 1/1/0.44. After the cobalt hydroxide
was completely dissolved, the pH of the solution was adjusted to 7 using
ammonia. To the resulting solution tetramine palladium nitrate was added

15  toresultin a palladium:cobalt weight ratio of 0.0015:1 in the final solution.

Impreagnation/calcination step 1

13,0g of impregnation solution 1 and 40g of water were added to 50.0g of
the 1.5g Si/100g Puralox SCCa 2/150 modified pre-shaped support and

20  vacuum drying was effected.

The dried impregnated support was calcined in a fluidized bed reactor by
heating the material up to 300°C with a heating rate of 2°C/min, in a 1.6%
(by volume) oxygen in nitrogen flow of 2 dm?®/min. Under these

25 conditions, the exotherm resulting from combustion of organics is roughly
30°C. As soon as the combustion starts the temperature of the gas inlet is
reduced and adjusted to yield in a reaction temperature of 300-310°C. The
combustion phase took 2 hours, after which the calcination was assumed
to be completed.

30



conbusti on phase took 2 hours, after which the calcination was assuned to
be conpl eted. | npregnati on/cal cination step 2a The internedi ate

cobal t / pawbadiunerisapr egnat ed and cal ci ned ex-step 1 nat @ciraB2oaess03s8j ect ed
to the followi ng 2nd cobalt inpregnation and cal cination step: 59,4g of a
solution of Co(NO 3)2-6H20 and Pt (NH3)4. (NOG3)2 in water, having a cobalt
content of 151 g/l, a Pt content of 0.21 g/m, a density of 1.37g/m and a
pH of 2.7 (adjusted with ammoni a) was added to 40. g of the ex 1st

cobal t/pal | adi um i npregnated and cal ci ned i nternedi ate. Agueous slurry
phase inpregnation and vacuum dryi ng wagg effected. This vacuumdri ed
internmediate was directly subjected to a fluidized bed cal cination step,
according to the foll owi ng procedure using a continuous air flow of 1.6 dnB

n/mn, while increasing,the t.errp?r ure from25C to 250 0C at 1C¢ mn and
keeping it at %M@E&%@?—w ol 0 4®r egnati on/ cal ci nation step 2b The
inter rreFIi ate exrgfet m[br?@digtlbﬁbbdflmﬁ]llbaidinunﬁmg@’fdté‘wrﬁhﬂW@Wbﬁ@te@nd f:al ci ned
mat erial was subjected to e, foll ow cobal t, i npregnati on. an al ci nation
Ctep. 40,99 of TAGHI Lo PbRCied( Ko JNTE e BEYRIBPIECORIE) 2Nin vt or
havi ng a cobal tcapatienttepf 1399/1, a Pt content of 0.53g/m, a density of
1.34g/m and a of 2. adj. us L.th a ' added to 40. Qg of the
exat ap 2 cobal AR St Lol P BRmERbE RO R Aet hear e at o
Agqueous sl urry gpéuse doRfeheand igina @ dont@aULi.21y/mNG d@sitgbf egrgrl Thi s
vacuumdried inter i s diirectly subjected to fluidj zed Qhed
cal ci nati on st é" %@gBEéﬁr{\é@PﬁteF H‘ét%facﬂxmBW ﬁa%?%}?@d@?@d&?ﬂb‘a §%dont i nuous

cobalt/palladium impregnated and calcined intermediate. Aqueous slurry

phase impregnation and vacuum drying was effected. This vacuum dried

10 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 hours.

15 Impregnation/calcination step 2b

The intermediate ex-step 2a cobalt/palladium/platinum impregnated and
calcined material was subjected to the following cobalt impregnation and
calcination step:
40,99 of a solution of Co(NO3)2.6H20 and Pt(NH3)4.(NO3), in water, having
20 a cobalt content of 139g/l, a Pt content of 0.53g/ml, a density of 1.34g/ml
and a pH of 2.9 (adjusted with ammonia) was added to 40.0g of the ex-
step 2a cobalt/palladium/platinum impregnated and calcined intermediate.
Aqueous slurry phase impregnation and vacuum drying was effected. This
vacuum dried intermediate was directly subjected to a fluidized bed
25 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 hours.

The catalyst precursor (i.e. after last impregnation and calcination) was
30 activated/reduced to obtain the catalyst by using the procedure as

described in Example 1, except that the end temperature was 375°C



air flowof 1.6 dnB n/mn, while increasing the tenperature from25C to 250
OC at rc/mn and keeping it at 250C for 6 hours. The catal yst precursor
(i.e. aftwo2bw@9775apr egnati on and cal ci nati on) was acti yarTdasimediwcsd t o
obtain the catal yst by using the procedure as described in Exanple 1,
except that the end tenperature was 375CEXAMPLE 9 - Preparation of Catalyst
| in accordance with the invention A 18g Co/0.01 1g Pd/0.023g Pt/ 100g (
1.5g Si/1 0Qg Pural ox SCCa 2/150) slurry phase Fischer-Tropsch synthesis
("FTS") catalyst was prepared on a particulate nodified 1.5g Si/1 0Qg
Pural ox SCCa 2/ 150 (trademark) preshapegy support using three sequenti al
aqueous slurry phase preparation steps and drying, followed by direct
fluidised bed calcination in a air/nitrogen mxture. This preparation was
done by neans th reparation steps: The first preparation step used an
organic cob&I:E%ﬁ%kkékFimhile the second preparation step an inorganic
cobal t corrpoundDreEfér@tudrfmrcmmétilmﬂawotdmnt:@wnmmni/@nt@abalt conpound in the

par i cul ar - e 429 Gyt b IRBREPAA0GE (1 by RuablP B S8R B T T

i npregnation saluityl Siasé AsohebAUdpseiTsPpihesi CFTEtoatah@h Wak Peped ahni ng

125¢g/1 cobal t was ar ed n h i citric acid
sol ution in®a \ﬁa?%rf(f‘ﬁ ”g%ljl ﬂ?&gﬁ'f&@{‘?g %Vﬁ%%égaéz{%héra %’P?%?Bfe'll 1/ 0. 44.
After the COba|shabydjélﬁpﬁdﬂaJShﬁ§tm@T§é@.teﬁhM edju%&@é vieety phbge pipafatibhe sol ution
was adjusted to,7 usi solutkon tetram ne

amo res
o o ol Siosyand ST aftiveetl oy "t e i Sl RRORah St " ati o of
0. 0015: 1 in theaidritedengikiutd.on.

10  This preparation was done by means of two preparation steps: The first
preparation step used an organic cobalt compound, while the second
preparation step an inorganic cobalt compound. The impregnation with the
organic cobalt compound in the first preparation step was repeated once
(i.e. impregnations 1a and 1b).

15

In particular, the catalyst was prepared as follows:

Preparation of impregnation solution 1

A cobalt ammonium citrate solution containing 1259/l cobalt was prepared
20 by dissolving cobalt hydroxide in a citric acid solution in a water/citric
acid/cobalt hydroxide weight ratio of 1/1/0.44. After the cobalt hydroxide
was completely dissolved, the pH of the solution was adjusted to 7 using
ammonia. To the resulting solution tetramine palladium nitrate was added
to result in a palladium:cobalt weight ratio of 0.0015:1 in the final solution.

25 Impregnation/calcination step 1a

13,0g of impregnation solution 1 and 40g of water was added to 50.0g of
the 1.5g Si/100g Puralox SCCa 2/150 modified pre-shaped support and

vacuum drying was effected.

30 The dried impregnated support was calcined in a fluidized bed reactor by
heating the material up to 300°C with a heating rate of 2°C/min, in a 1.6%

(by volume) oxygen in nitrogen flow of 2 dm?®/min. Under these



| mpregnation/cal cination step la 13,Qg of inpregnation solution 1 and 4Qg
of water was added to 50.0Qg of the 1.5g Si/1 0Qg Pural ox SCCa 2/ 150

nodi fi ed woeosmpesd support and vacuum dryi ng was ef f ecea/1BXheodrsed

i npregnated support was calcined in a fluidized bed reactor by heating the

material up to 300 OCwith a heating rate of 2C/ mn

oxygen in nitrogen flow of 2 dnB n/mn. Under these

inal 6%
condi ti ons,

(by vol une)
t he exot herm

resulting from conbustion of organics is roughly 300C. As soon as the

conmbustion starts the tenperature of the gas inlet

is reduced a

nd adj ust ed

to yield in a reaction tenperature of 340-310 OC. The conbustion phase took

2 hours, after

whi ch the cal cination was assuned to be conpl et ed.

| mpregnati on/ cal ci nation step 1b 20, 8g of inpregnation solution

added to 40. Qg

i ntermedi ate arf@

t 1 b |t/ |1 i ted
Sl B PR 2808hg EBMEm bHaon T eganas Rty

1 was
cal ci ned
d support

was cal ci ned i rgoacf h@lsdbuzadtt’meaanﬁtma@rostahytHwtatripe@tairb@fmt@rsnalbt igp to 300C

with a heating rate 1. 6% J i
Mow of 5 ans rpiice o aarSedtue vidin Erelat eime b o as e rah e
conbustion of aobgmObEh pr&séw@hwo&@oéxter%\ﬁhu&om @fcitdionoashasstimes starts

t he tenperatur
reaction te

Bf t he geég inlet is reduced and adjusted to yield
APECEMBIE™0- 31 0C. The conbustion phase took 3.5

after which the calcination was assuned to be conpl et ed.
Inpregnation/cqlcinat'o

10

15

20

25

30

mpreqna{ionr)caﬁéir?ﬁio% step 1b

20,8g of impregnation solution 1 was added to 40.0g of the ex-step 1
cobalt/palladium impregnated and calcined intermediate and vacuum

drying was effected.

The dried impregnated support was calcined in a fluidized bed reactor by
heating the material up to 300°C with a heating rate of 2°C/min, in a 1.6%
(by volume) oxygen in nitrogen flow of 2 dm’/min.  Under these
conditions, the exotherm resulting from combustion of organics is roughly
30°C. As soon as the combustion starts the temperature of the gas inlet is
reduced and adjusted to yield in a reaction temperature of 300-310°C. The
combustion phase took 3.5 hours, after which the calcination was

assumed to be completed.

Impregnation/calcination step 2

The intermediate ex-step 2 cobalt/palladium impregated and calcined
material was subjected to the following 3" cobalt impregnation and
calcination step:

42,49 of a solution of Co(NO3)2.6H20 and Pt(NH3)4.(NO3)2 in water, having
a cobalt content of 143g/l, a Pt content of 0.54g/ml, a density of 1.34g/ml
and a pH of 2.8 (adjusted with ammonia) was added to 30.0g of the ex-
step 2 cobalt/palladium impregnated and calcined intermediate.

Aqueous slurry phase impregnation and vacuum drying was effected. This
vacuum dried intermediate was directly subjected to a fluidized bed

calcination step, according to the following procedure using a continuous

trogen
ng from
in a
hour s,



The internedi ate ex-step 2 cobalt/palladiuminpregated and cal ci ned

mat eri al was subjected to the followi ng 3rd cobalt inpregnation and

cal ci nat iwo 28t081977542, 4g of a sol ution of Co(NGB) 2. 6H20O &au/1B201MEBYSE. ( NO3) 2
in water, having a cobalt content of 143g/l, a Pt content of 0.54g/m, a
density of 1.34g/m and a pH of 2.8 (adjusted with amoni a) was added to
30. g of the exstep 2 cobalt/palladiuminpregnated and cal ci ned

i nternedi ate. Agqueous slurry phase inpregnation and vacuum dryi ng was
effected. This vacuumdried internediate was directly subjected to a
fluidized bed cal cination step, accordifg to the follow ng procedure using
a continuousair flowof 1.6 dnB n/mn, while increasing the tenperature
from25C to 250 C at rc/mn and keeping it at 250 C for 6 hours. The

catal yst precurso i.e.. after the last inpregnation and calgination) was
ot Pyt ed 1 educliga obgi i THE: SaNySeA P 18 RyTERIR: beadE s
described i n Boxopt at 1°C/@kcaptkdebiny itdr@5e1Clfor emparsat ure was 375C Cat al ysts
Hand I were tested for Fischer-Tropsch synthesis performance on exactly
the sane basis as for Catalysts A B and C herei nbefore described. The
resul tisl are gi view damly&blfe%u_&or (fé_Bb,feriihQé_?_ﬁihtprt@gﬁﬁligﬁll_gamd Gﬂba@aﬁor@?ﬂaée I
crystallite _size, and relative Fischer- Tropsc activit or catalysts
AR Cand 15t ARG o oPAG I SatSr o SSHRGh R arGRgengS | st
preparati on st escriiedan §airhpleciobrddpt RN/ tedpPlatite Was338T f Ol | owed by
i npregnation, in a second preparation step, with a cobalt salt, a catalyst
havi ng an increased Fischer-Tropsch activity is obtained. This is npst
i kel y due to tdwalhétgiM sabhivere teeteadl foraRidéyr-ToxpsdR Jsyathsgie peiformamad, at the
sane tinme, a desired, hi ﬁh cobalt | oadi, NG :

on exactly the same basis as tor “Catalysts A, B and C hereinbefore

10  described. The results are given in Table 3.

TABLE 3 Cobalt content, cobalt oxide crystallite size, and relative Fischer-

Tropsch (FT) activity for catalysts A, H, and |

Catalyst H Catalyst | Catalyst A
Cobalt content prior | 23 18 21
to reduction[m%]
XRD crystallite size of | 12 7 15
oxide precursor prior
to reduction [nm]
Relative FT activity 143 138 100

15
It was thus surprisingly found that when, during the first preparation step,
an organic cobalt compound/complex is used followed by impregnation, in
a second preparation step, with a cobalt salt, a catalyst having an
increased Fischer-Tropsch activity is obtained. This is most likely due to
20 the high cobalt (metal and/or oxide) dispersion and, at the same time, a

desired high cobalt loading.

The invention thus overcomes problems associated with known processes
for preparing Fischer-Tropsch catalysts whereby, on the one hand, high

25 dispersions of cobalt on the catalyst support can be achieved when using



The invention thus overconmes problens associated with known processes for
preparing Fischer-Tropsch catal ysts whereby, on the one hand, high

di sper si on® 20f0/0t3al t on t he catal yst support can be ackrcCeuaBzdiwhemsusi ngl ow
metal |oading, while on the other hand, for many Fischer-Tropsch synthesis
reactions, |ow cobalt |oadings do not provide a desired high activity.
Hitherto, when it has then been attenpted to increase the cobalt | oading,
nmet al di spersion often decreased to unacceptable levels. It was thus
surprisingly found that this problemwas avoided with the process of the
present invention. EXAMPLE 10 Preparatign of Catalyst J in accordance wth
the invention. A 26g Co/0,075Pt/100g ( 1 .5g Si/1 00g Pural ox SCCa 2/150)
slurry phase Fischer-Tropsch synthesis ("FTS") catal yst was prepared on a
particul ate nodified 59. Si/1.0 ur S 2/ 150 trad

pr e- shaped supgﬂyﬂ“ﬂgﬂhﬁgpﬂo“é@ﬁggnﬁﬁdakg U?&?aﬁhgywyp'éﬁ5¥§nﬁﬁﬁ steps and
drying, foll om@nﬁhﬁsuélr@@@ttonél lowd c oSt b@dnnggld@ R&t provide e dksiredThigh

reparation was dq nean r The firs
Bregaratlon stéﬁgw '%é@ 0 WE?%&W@wqm%h q@fhbﬁﬁﬁ?ﬁ gﬁ hnlc cobal t

conpound and anoazrrg;armhelalsmépeeﬂbn oftdn H@crbb@dsﬁmﬁdc@ﬂﬁp@ﬂ@blsoﬂt svtagp i ncl uded
i norgani ¢ cobalt c ound and water as a

a single inpregnati on step Wt

Solvent - | nBoarbraErSgh oottt HESS R e it O MeRIgoSSs o
Inpregnatlon/cah@pm@émomaﬁM6m 1 43 g of Co(acac)2 (i.e. cobalt

acetyl acetonate; Co(CsH/C ) and 0,049 g Pt(NHa)4.(NU3)2 were dissolved in
120 mM of Toluene. 10Q0grans of 1.5g Si/1 0Qg Pural ox SCCa 2/150 nodified
pre-shaped supEXAMPEE 10hen added to this solution. Organic slurry phase

| mpregnati on ar?:greparatlon of Catalyst J in accordance with the invention.
10 A 26g Co/0,075Pt/100g (1.5g Si/100g Puralox SCCa 2/150) slurry phase
Fischer-Tropsch synthesis (“‘FTS”) catalyst was prepared on a particulate
modified 1.5g Si/100g Puralox SCCa 2/150 (trademark) pre-shaped

support using two sequential slurry phase preparation steps 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 a single impregnation step with an organic
cobalt compound and an organic solvent, while the second preparation
step included a single impregnation step with an inorganic cobalt

20 compound and water as a solvent.

In particular, the catalyst was prepared as follows:

Impregnation/calcination step 1

25 43 g of Co(acac); (i.e. cobalt acetylacetonate; Co(CsH;03)2) and 0,049 g
Pt(NH3)4.(NO3), were dissolved in 120 ml of Toluene. 100grams of 1.5g
Si/100g Puralox SCCa 2/150 modified pre-shaped support was then

added to this solution. Organic slurry phase impregnation and vacuum
drying were effected.
30  This vacuum dried intermediate was directly subjected to a fluidized bed

calcination step using a continuous air flow of 1.7 dm>/min, while



drying were effected. This vacuumdried internediate was directly subjected
to a fluidized bed calcination step using a continuous air flow of 1.7 dnB
n/ mn, wwoOebrmoemsi ng the tenperature from 250C to 250pCTraB201W030788 and
keeping it at 2500C for 6 hours. Inpregnation/calcination step 2 100g of
this internediate calcined material were subjected to the follow ng 2nd
cobal t/pl ati num i npregnation and cal ci nation step: 69.5g Co(NO 3) 2. 6H20
were dissolved in 100m distilled water and 0.087g of Pt(NHa)4. (NU3)2
(dissolved in 10m distilled water) were added to this solution, and 100g
of the ex 1st cobalt/platinuminpregnatggl and cal cined internmedi ate were
added. Aqueous slurry phase inpregnation and vacuum dryi ng were effected.
This vacuumdri ed i nternedi ate was directly subjected to a fluidized bed
cal cination ste accordin o,th OW ng procedur e usi nti nuous
o ow of 1. Pirag eretanrke fror end orhobs X Steratts Bedaiiosoc 1o
25Q0C at 1C/ m mtapoPCieepihbgrsit at 2500C for 6 hours. The catal yst precursor
(i.e. after the 2nd inpregnation and cal ci nati on) was activated/reduced to
obtain the catal yst by using the sane procedure as described in Exanple 1.
TABLE 4 Cobal t & Bliordcklitatpalstepoxi de crystallite size for catalysts A

1@9 fig@BiiordHIcifelida |ste OX
of (Catal ys® By OO iR Blofmada engP e E Ty BuRE T BIoH 5t oUPIORI | ow Tt ty
acid (iodine va'te doBalplatifeahal yigdregnation and  calcination  step:  69.5g
Co(NO3)2.6H,O were dissolved in 100ml distilled water and 0.087g of
Pt(NH3)4.(NO3). (dissolved in 10ml distilled water) were added to this
solution, and 100g of the ex 1% cobalt/platinum impregnated and calcined
10 intermediate were added. Aqueous slurry phase impregnation and
vacuum drying were effected. This vacuum dried intermediate was directly
subjected to a fluidized bed calcination step, according to the following
procedure using a continuous air flow of 1.7 dm>/min, while increasing the
temperature from 25°C to 250°C at 1°C/min and keeping it at 250°C for 6

15  hours.

The catalyst precursor (i.e. after the 2n impregnation and calcination) was
activated/reduced to obtain the catalyst by using the same procedure as

described in Example 1.

20
TABLE 4 Cobalt content and cobalt oxide crystallite size for catalysts A, B,
CandJ
Catalyst | Catalyst | Catalyst | Catalysts
A B C J
Cobalt content prior to reduction | 21 18 18 18
[M%]
XRD crystallite size of oxide |15 7 7 9
precursor prior to reduction [nm]

25




runs were conducted in a 300m autoclave using -830 ng of prereduced cobalt
catal yst such that the cobalt content in the reactor was 0.1 wei ght
percent. Weaectwwns4were run at a hydrogen pressure of 2@ChaB2016030e88per at ur e
of 200 OC and a stirring speed of 1600 rpm The hydrogen consunpti on was
nonitored for 4 hours. In addition, the end iodine val ue was neasured by
the Wjs nethod as described in AOCS. Oficial Method Cd 1-25 (1990).
The catal yst afforded a 56% conversion of the fatty acid sanple after 4
hour. This resulted in an end iodine value of 22.5. The results are set out
in Table 4 TABLE 4CLAIMS 1. A process fg preparing a catal yst precursor,
whi ch process includes in a first preparation step, inpregnating a
particul ate catal yst support with an organic netal conpound in a carrier
l'i quid, mhereig {qﬁpﬂgqil of the organic netal conpound is an active
catal yst conpo - orm an inpregnated internmediate and cal ci ning the
i npregnat ed i ntEstyedidayarogeatitpt ai n a cal ci ned internedi ate; and
thereafter, in second preparation step,. | nat i t he | ci ned
| nternediate 1 QR BHECSIPUN BRENEIANEE o (CalSt I HsACPIBREAY et al sl t
inacarri elr | inguiogenavver ef ﬂlS(Ighgf mRbal faty achie(idbdies gamnie 5018, @atazdtt : s an
active catal_yst conponent, tq.obtgin an |Inpregnat support, and cal ci ning
The | mpr eond eduSupBG: toncheedis & o @viadr jaPas e P Bf Présedikegr ocoss
accorgi ng to Cloabat tataybes@hnthaomhe dd@balt b@téﬂgﬁh?l@@i@c@t@s Galdeigiged in thg
second preparation st i,s present during the first inpr ation _step, an
none of the oré’&ﬁ‘?eé‘%rrggﬁ‘?t'oé‘grﬁﬁ?ﬁ?n&”bfatt?uehydroge” pressurd of " bar.'a

temperature of 200 °C and a stirring speed of 1600 rpm.

10  The hydrogen consumption was monitored for 4 hours. In addition, the end
iodine value was measured by the Wijs method as described in A.O.C.S.
Official Method Cd 1-25 (1990).

The catalyst afforded a 56% conversion of the fatty acid sample after 4

15  hour. This resulted in an end iodine value of 22.5.

The results are set out in Table 4

TABLE 4
20
Time (min) H, consumption (I) | Conversion (%) | lodine value
0 0,0 0 50,9
20 0,93 14 44
40 1,55 23 39,3
80 2,50 36 32,3
160 3,42 50 25,5
240 3,81 56 22,5




first preparation step is present during the second preparation step. 3. A
process according to Claiml1l or aim2, wherein the inpregnated

i nt er medivdiDeowfoortse first preparation step is at | east partuBz10/ys0ds3 ed
prior to the calcination thereof, and/or wherein the inpregnated support of
the second preparation step is at least partially dried prior to the
calcination thereof. 4. A process according to Claim 3, which includes, in
the first preparation step, repeating, at |east once, the inpregnation with
the organic netal conpound, the at |east partial drying of the inpregnated
internediate, and the calcination of thgyat |east partially dried

i npregnated internediate, to obtain a higher netal |oading in the calcined
internediate.5. A process according to any Claim3 or Claim4, which

i ncludes, in tQﬁ ﬁegond preparation step, repeating, at |east once, the

i npregnation w inorganic netal salt, the at |east partial drying of
the i npregnated support, and the calcination of the partially dried

i npregnated support, to pbtain oadi n |n the catal yst
bracucsor 6. R pr ocess AIGER s Hepng Tormou el Wk PaSsel e ve,

wherei n the mnetigdiuddds the organic netal conpound and that of the inorganic
nmetal salt is cobalt. A roce accordin Claim§6, wherein the
Thorgan ¢ cobalt oall it HICSUEHTY b RTBNG S EHal NG B6Hoq, wi t h
t he Co(NCb) . 6H2gbéreiwity ah srg@h%edetencmp@rndats 4 berriealiqui®rwhérgunitle 8. A
process accordl %Pto Cl aim6 wher ei_n thehééganlc cgbalt

conpound of thé" 'r%ftth%Pé?%‘Ca‘E‘F C%’i”B%“']ds'Starﬁ‘a ctiypcaia AYPPENEREPng a
cobal t conpoundor\mtﬁnamnmémd: amrtiediart i andal dayciriimg t fhe phpegnaedof a

gounterion souree: . Siate, 8RR S cA6Heh ilithddus! g™ 8 wherein. in respect of

10 thereafter, in a second preparation step, impregnating the calcined
intermediate from the first preparation step, with an inorganic metal salt in
a carrier liquid, wherein the metal of the inorganic metal salt is an active
catalyst component, to obtain an impregnated support, and calcining the
impregnated support, to obtain the catalyst precursor.

15
2. A process according to Claim 1, wherein none of the
inorganic metal salt used in the second preparation step is present during
the first impregnation step, and none of the organic metal compound of the
first preparation step is present during the second preparation step.

20
3. A process according to Claim 1 or Claim 2, wherein the
impregnated intermediate of the first preparation step is at least partially
dried prior to the calcination thereof, and/or wherein the impregnated
support of the second preparation step is at least partially dried prior to the

25 calcination thereof.

4. A process according to Claim 3, which includes, in the first
preparation step, repeating, at least once, the impregnation with the
organic metal compound, the at least partial drying of the impregnated
30 intermediate, and the calcination of the at least partially dried impregnated

intermediate, to obtain a higher metal loading in the calcined intermediate.



organi c cobalt conpound of the first preparation step, the organic acid is
selected fromcitric acid (CeH8O7) , succinic acid (C4H6M4) , oxalic acid
(C2H2O4) woaemrade7saci d (C2HAOR) , gl uconic acid (CoH1L20PLTARZ1&EDNAS3 t he
cobalt compound is cobalt hydroxide; and the counterion source, when
present, is ammonia. 10. A process according to Caim6 or Claim?7, wherein
the organic cobalt conpound of the first preparation step is that obtained
by reaction of a cobalt conmpound with acetyl acetone (CoH8Q2) .11. A process
according to Claim6 or Claim7, wherein the organic cobalt conpound of the
first preparation step is cobalt amonigmcitrate. 12. A process according
to any one of Clains 6 to 11 inclusive, wherein the organic cobalt conpound
is dissolved in mater as the carrier quuid 13. A process according to any

one of Cains ncl usi ve, wherein the i egnatjon and drying during
the first and the secondAdygﬁﬁFa?qaﬁi gb§”ﬂr E@H gﬁgdbgﬂP £twgﬁ%ve 25C and
at sub-at rmspherﬁam‘dd@rasw eecddaep@barapbm\@teb Nep&Ening] bt @ast ahcavhtheh t he
i norganic cobalt salt, and the or anl cegﬁfaht conmp ound wi || not theadl |y

deconpose. RPISIBRIRL Wit 8r“&‘?r ey rige f egptpartial §nfig e9hE el usi ve,
wherein the Catmbbe@haﬂ@fj%apﬂxirﬂrandSh@calabﬁldn dasephrialyaiedimpeasgldsynt hesi s
cat al yst pr cursor ?{ é roc EI inﬁwstho anﬁ( f)ne of Clains 6 to 13
i ncl usi ve, ersé'PPiO’f @ optajng 9'9 errﬂ“é@ Padpa ndthg cRIGHSI PEFYERY hydr ogenat i on
catal yst precursor. 16. A process for preparing a catalyst, which includes
reduci ng & catg) yst precurson 9BLARRY Hni ReRAGERR Plo EMalfe o Ao

wherein the metal of the organic metal compound and that of the inorganic

metal salt is cobalt.

10
7. A process according to Claim 6, wherein the inorganic cobalt
salt of the second preparation step is Co(NOs),.6H,O, with the

Co(NO3)2.6H,0 being dissolved in water as the carrier liquid.

15 8. A process according to Claim 6 or Claim 7, wherein the
organic cobalt compound of the first preparation step is that obtained by
reacting a cobalt compound with an organic acid, optionally in the

presence of a counterion source.

20 9. A process according to Claim 8 wherein, in respect of the
organic cobalt compound of the first preparation step, the organic acid is
selected from citric acid (CsHsO7), succinic acid (C4HgO4), oxalic acid
(C2oH20y4), acetic acid (C,H40,), gluconic acid (CsH1207) and EDTA; the
cobalt compound is cobalt hydroxide; and the counterion source, when

25 present, is ammonia.

10. A process according to Claim 6 or Claim 7, wherein the
organic cobalt compound of the first preparation step is that obtained by
reaction of a cobalt compound with acetylacetone (CsHgOy).

30



i nclusive, thereby to obtain the catalyst. 17. A hydrocarbon synthesis
process which conprises preparing a catal yst using the process of C aim 16;
and cont awOi2og/deyrogen wit h carbon nonoxi de at a tenperaraB®iabinves 1000C
and a pressure of at |least 10 bar with the catal yst so prepared, to produce
hydr ocar bons and, optionally, oxygenates of hydrocarbons. 18. A process
according to Claim1l7, which is a slurry bed Fischer-Tropsch process for
produci ng a wax product. 19. A process according to Caim117 or Claim 18
whi ch includes a hydroprocessing step for converting the hydrocarbons and,
optionally, oxygenates to liquid fuels gnd/or chem cals. 20. Products
produced by the hydrocarbon synthesis process of any one of Clains 17 to 19
inclusive. 2 1. A hydrogenation process which conprises preparing a

catal yst using he process of Claim 16; K and .copta en_and an
organi ¢ conpound-wi t h tHg REQtesP yRGCOKN G f %giar@d &Iﬁ‘&?{g tf‘ fe organic

conpound. 22. RrgaHictSoairadeipoand bf/thbf'fﬁstmfékﬁa?gmtems wb@maaﬁnmurﬁ:l aim2 1.

citrate.

5 12 A process according to any one of Claims 6 to 11 inclusive,
wherein the organic cobalt compound is dissolved in water as the carrier

liquid.

13. A process according to any one of Claims 6 to 12 inclusive,
10  wherein the impregnation and drying during the first and the second
preparation steps are carried out at above 25°C and at sub-atmospheric
pressure, thereby providing conditions at which the inorganic cobalt salt

and the organic cobalt compound will not readily decompose.

15 14. A process according to any one of Claims 6 to 13 inclusive,
wherein the catalyst precursor is a cobalt-based Fischer-Tropsch

synthesis catalyst precursor.

15. A process according to any one of Claims 6 to 13 inclusive,
20 wherein the catalyst precursor is a cobalt-based hydrogenation catalyst

precursor.

16. A process for preparing a catalyst, which includes reducing a
catalyst precursor obtained by the process of any one of Claims 1 to 15

25 inclusive, thereby to obtain the catalyst.

17. A hydrocarbon synthesis process which comprises preparing
a catalyst using the process of Claim 16; and contacting hydrogen with
carbon monoxide at a temperature above 100°C and a pressure of at least
30 10 bar with the catalyst so prepared, to produce hydrocarbons and,

optionally, oxygenates of hydrocarbons.
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18. A process according to Claim 17, which is a slurry bed

Fischer-Tropsch process for producing a wax product.

19. A process according to Claim 17 or Claim 18 which includes
5 a hydroprocessing step for converting the hydrocarbons and, optionally,

oxygenates to liquid fuels and/or chemicals.

20. Products produced by the hydrocarbon synthesis process of

any one of Claims 17 to 19 inclusive.

10
21. A hydrogenation process which comprises preparing a
catalyst using the process of Claim 16; and contacting hydrogen and an
organic compound with the catalyst so prepared, to hydrogenate the
organic compound.

15

22. Products produced by the hydrogenation process of Claim
21.



