
CATALYSTS FIELD OF THE INVENTION THIS INVENTION relates to catalysts. It
relates in particular to a process for preparing a catalyst precursor, and
to a process 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 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 B 1, 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 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,
if necessary, the cobalt salt impregnation step.It has been reported that
the use of organic metal compounds or organic additives during the
impregnation could assist in increasing the catalyst activity of supported
metal catalysts. For example, US 5856260 teaches 



that using mixtures of polyols and metal salts during impregnation results
in improved catalyst performance. Van de Loosdrecht et.al. (Applied
Catalysis A:General, Volume 150, Number 2, 13 March 1997, pp 365-376(12))
reported that the preparation of low loading cobalt catalysts (2.5% Co) by
impregnation using Co-EDTA (ethylenediaminetetraacetic acid) or ammonium
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 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. 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
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 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 organiccobalt compound. In this study,
sufficiently high metal loadings were only 



achieved by performing multiple impregnation cycles, thereby compensating
for the low solubility of the organic cobalt compounds. However, having to
use multiple impregnation cycles for the preparation of a catalyst can be
economically unattractive. US 6822008B2 teaches the use of two different
metal precursors loaded separately on to a suitable support, in such manner
that the first loaded portion of metal is more easily reduced, than the
second loaded portion of 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. 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. 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 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
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
catalystcomponent, to obtain an impregnated support, and calcining the 



impregnated support, to obtain the catalyst precursor. In a preferred
embodiment of the invention, the impregnated intermediate of the first
preparation step is at least partially dried prior to the calcination
thereof. Preferably, the impregnated support of the second preparation step
is also at least partially dried prior to the calcination thereof. It will
be appreciated that the partial drying will usually take place where the
impregnation is slurry phase impregnation. 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, 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. 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
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. 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
thatafter having effected an initial or first preparation step involving an
impregnation using an organic metal compound such as ammonium cobalt
citrate, if in a next or second preparation step cobalt is impregnated
using an inorganic metal salt such as cobalt nitrate, a high metal, e.g.
cobalt, dispersion is usually obtained and at the same time, a high loading
of metal, e.g. cobalt, may be achieved, usually with an increased catalyst
activity compared to the standard manner of preparing such catalysts using
only inorganic cobalt salts in two sequential impregnation steps. This
increased catalyst activity is achieved at a metal, e.g. cobalt, loading
which is similar to, or even lower than, catalysts prepared using the
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
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 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
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 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, themetal
atom is associated to at least one non-carbon atom of the at least one
organic group, in particular to an oxygen atom of the organic group. The
organic metal compound may also include one or more inorganic groups bound
to the metal. Preferably, the one or more inorganic groups are cationic
groups. In this specification, the term "inorganic metal salt" means a salt
wherein at least one metal atom is only associated with one or more
inorganic groups, which association is by means of a bond, for instance, by
means of a covalent bond, a metal-to-ligand coordination 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, 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, 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, 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,
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 withthe
inorganic metal salt, at least partial drying (optional), and calcination,
as hereinbefore described. However, in another embodiment of the invention,
the first preparation stage may comprise a single impregnation with the
organic metal compound, at least partial drying (optional) and calcination,
as hereinbefore described; the second preparation step may then comprise a
first impregnation with the inorganic metal salt, at least partial drying
(optional), and calcination, as hereinbefore described, followed by a
second impregnation 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 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 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 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 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 adesired high
cobalt loading obtained, but a high degree of cobalt (metal and/or oxide)
dispersion is also obtained, resulting in a catalyst with improved
Fischer-Tropsch synthesis activity. The inorganic 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 inorganic cobalt salt is at least partly dissolved in the
carrier liquid. The carrier liquid may thus be any suitable liquid solvent.
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. 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.
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. 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. The organic acid may be a carboxylic acid such as
citric acid (CeH8O7) , succinic acid (C4H6O4) , oxalic acid (C H2O4) ,
acetic acid (C H4O ) ,gluconic acid (C6H 12O7) or EDTA, i.e.
ethylenediaminetetraacetic acid. Preferably, the organic acid is citric
acid. In the organic cobalt compound solution, the molar ratio of cobalt to
organic acid can vary widely, e.g. from 0.1 : 1 to 10:1 . However, it is
expected that the molar 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 embodiments
of the invention, the organic cobalt compound of 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 (C5H8O2) . The catalyst
support may be a particulate porous support. The catalyst support may
comprise a catalyst support basis and optionally 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
(SiO ) ; titania (TiO ) ; 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 aluminium oxides; titania
(TiO ) 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, 



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 PuraloxSCCa 2/150 from
SASOL Germany GmbH. Puralox SCCa 2/150 (trademark) is a spray-dried
aluminium oxide support consisting of a mixture of gamma and delta
aluminium oxide. The aluminium oxide is preferably a crystalline compound
which can be described by the formula AI2O3.XH2O where 0 < x < 1. The term
aluminium oxide thus excludes AI(OH)3, and AIO(OH), but includes compounds
such as gamma, delta and theta alumina. Preferably, the catalyst support
includes one or more modifying components. This is particularly the case
where the support basis 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 or more of the following: (i) decreases the dissolution of
the catalyst support in an aqueous environment, (ii) suppresses the
susceptibility of the catalyst support to hydrothermal attack (especially
during Fischer-Tropsch synthesis); (iii) increases the pore volume of the
catalyst support; (iv) increases the strength and/or attrition and/or
abrasion resistance of the catalyst support. 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 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 phaseimpregnation catalyst
preparation step. Hydrothermal attack can cause the sintering of the
catalyst support (for example aluminium oxide), dissolution of Al ions or
break up of the catalyst particles during hydrocarbon synthesis, especially
Fischer-Tropsch synthesis, due to exposure to high temperature and water.
The modifying component is typically present in an amount that results in a
level thereof in the catalyst support of at least 0.06 atoms per square
nanometer. 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. 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. 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 square nanometer of the catalyst support. Preferably, the
upper level is 2.8 Si atoms/nm2 of the catalyst support. 



In one embodiment of the invention, a catalyst support in the form of one
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
catalystsupport in the form of one or more aluminium oxides or a silica
modified aluminium oxide may also include La. It is believed tha La
improves attrition resistance. In another embodiment of the invention, a
catalyst support in the form of one or more aluminium oxides or a silica
modified aluminium oxide may include titanium, preferably in an amount,
expressed as elemental titanium, of at least 500 ppm by weight, preferably
from about 1000 ppm to about 2000 ppm by weight. It is believed that the
addition of the titanium increases the activity of a catalyst formed from
such a support, especially 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 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 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 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
compound will not readily decompose. Preferably, the drying during the
first and/or second preparation steps is carried out at above 25C and
preferably at sub-atmospheric pressure.The impregnation and, preferably,
also the drying during the first preparation step may be effected at above
25C and preferably at subatmospheric pressure. Sufficient of a mixture of
the organic cobalt compound in the carrier liquid, which is preferably
water as hereinbefore indicated, may be used so that the volume of the
mixture exceeds the pore volume of the support, typically by about 30%.
After contacting the support with the organic cobalt salt and carrier
liquid mixture, the wet impregnated support may be slowly dried at
sub-atmospheric pressure to a temperature in the range 40 to 1200C,
typically about 1000C, with the final pressure 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 of the organic cobalt
compound. Preferably, the solution of the organic cobalt compound is an
aqueous solution. During the second preparation step, the particulate
calcined intermediate of the first preparation step, may be subjected to
slurry phase 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 25C and/or at
sub-atmospheric pressure. 



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 25C and if required at sub-atmospheric pressure. It might
also be dried at atmospheric pressure under a flow of a gas such as air or
nitrogen.Sufficient organic cobalt compound and inorganic cobalt salt may
be used so that the resultant catalyst precursor contains between 5g Co/1
0Og support and 7Og Co/1 0Og support, preferably between 15g Co/1 0Og
support and 4Og Co/1 0Og support. A dopant may also be introduced onto
and/or into the catalyst support. When present, the dopant is preferably
one that is capable of enhancing the reducibility of the active catalyst
component. The dopant may be introduced as a dopant compound which is a
compound of a metal 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
(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%. Calcination is preferably carried out a temperature above 25C
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), Cq3q 4, CO2O3 or a mixture of 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 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 95C,
preferablyabove 120 C, more preferably above 200 C, but preferably not
above 400C. Thus, the calcination temperature may be 250C-400C, preferably
from 280 to 330 C. The temperature is normally increased from ambient
temperature, typically 25C, to 250-400 C at a rate of between 0.1 and
10C/min, preferably between 0.5 and 3C/min. The oxygen concentration can be
kept constant during the calcination or it can be increased from a low
oxygen concentration, e.i. i.e. 0.5-2 vol%, to a high concentration, (i.e.
10-20 vol%. The increase in oxygen concentration can be done during the
temperature increase or during a hold time at the final temperature
(250-400 C). The GHSV during the calcination will normally be in the range
of 100 to 3000 h 1 , typically about 2000 h 1 . During the second
preparation step, the at least partially dried impregnated intermediate may
be calcined in air. The temperature during calcination may then be 200 C to
350C. The temperature is normally increased from ambient temperature,
typically 25C, to 200-350 C at a rate of between 0.1 and 10C/min,
preferably between 0.5 and 3C/min. The GHSV during the calcination will
normally be in the range of 100 to 3000 h 1 , typically about 2000 h 1 .
More particularly, the calcination 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 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  1C/min, the space velocity is at least 0.76 mn 3/(kg Co(NO 3)2 6H2O)/h;
and (ii) when the heating rate is higher than 1C/min, the space velocity
satisfies the relation :log 20 - log 0.76 log (space velocity) > log 0.76 +
log ( heating rate ) As also indicated hereinbefore, the metal of the
organic metal compound and that of the inorganic metal salt may be the
same, and may be cobalt or nickel. Nickel is particularly suitable for
preparing a hydrogenation 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 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 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 



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 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 hydrogenationof organic
compounds such as oleochemicals (fatty materials: fats and oils, fatty
acids and derivatives such as fatty nitriles, alcohols and aldehydes),
petroleum fractions such as distillates, resins and the like, nitro
compounds, olefins, diolefins, aromatic compounds, and the like. More
particularly, the hydrogenation catalyst can then be applied very suitably
to the production of fine chemicals, wherein it is of importance that high
selectivity is maintained. Examples of reactions that can be catalyzed by
nickel-based catalysts prepared in accordance with the present invention
are hydrogenation, 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 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 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 2500C to 



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 from ambient to 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 hydrogen with carbon monoxide at a temperature above 1000C and a
pressure of at least 10 bar with the catalyst so prepared, to produce
hydrocarbons and, optionally, oxygenates of hydrocarbons.The temperature
may be from 180 C to 250 C, more preferably from 210 C to 240 C. The
pressure more preferably may be from 10 bar to 40 bar. Preferably, the
hydrocarbon synthesis process is a Fischer-Tropsch process, more preferably
a three phase Fischer-Tropsch process, still more preferably a slurry bed
Fischer-Tropsch process for producing a wax product. The hydrocarbon
synthesis process may also include a hydroprocessing step for converting
the hydrocarbons and, optionally, oxygenates to liquid fuels and/or
chemicals. 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
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 



hydrogenation process of the fourth aspect of the invention. EXAMPLES The
invention will now be described in more detail, with reference to the
following non-limiting examples.EXAMPLE 1 - Preparation of comparative
Catalyst A A 3Og Co/0.075g PtLIOOg ( 1 .5g Si/1 0Og Puralox SCCa 2/150)
slurry phase Fischer-Tropsch synthesis ("FTS") catalyst was prepared on a
particulate modified 1.5g Si/1 0Og Puralox SCCa 2/150 (trademark)
pre-shaped support using aqueous slurry phase impregnation and drying,
followed by direct fluidised bed calcination in air. This preparation was
done by means of two impregnation and calcination steps, both using an
inorganic cobalt compound. In particular, the catalyst was prepared as
follows: 43.7Og Co(NO 3)2-6H2O were dissolved in 40ml distilled water, and
0.024g of Pt(NHa)4.(NO3)2 (dissolved in 10ml distilled water) were added to
this solution, where after 50.Og of the 1.5g Si/1 0Og 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 dm3 n/min, while increasing the
temperature from 25C to 250 C at 1C/min and keeping it at 250 0C for 6
hours. 50.Og of this intermediate calcined material were subjected to the
following 2nd cobalt/platinum impregnation and calcination step: 23.51 g
Co(NO 3)2.6H2O were dissolved in 40ml distilled water and 0.039g of Pt(NH
3)4.(NCb) (dissolved in 10ml distilled water) were added to this 



solution, and 50.Og of the ex 1st 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 dm3 n/min, while increasing the
temperature from 25C to 250 0C at 1C/min and keeping it at 250 0C for 6
hours.In preparation for laboratory scale slurry phase continuous stirred
tank reactor ('CSTR') Fischer-Tropsch synthesis (FTS) runs, this calcined
material was reduced and wax coated in accordance with the following
procedure: 1Og of the catalyst was reduced at 1 bar in pure H2 (space
velocity = 200OmIn g catalyst/h) whilst the temperature was increased from
25C to 425C at a rate of 1C/min where after the temperature was kept
constant at this temperature of 425C for 16 hours. The reduced catalyst was
allowed to cool down to room temperature at which stage the hydrogen was
replaced by argon, and the catalyst unloaded in molten Fischer-Tropsch wax
under the protection of an argon blanket. This wax coated catalyst was then
transferred to the slurry reactor. EXAMPLE 2 - Preparation of Catalyst B in
accordance with the invention A 24g Co/0.01 1g Pd/0.061g Pt/100g ( 1.5g
Si/1 0Og Puralox SCCa 2/150) slurry phase Fischer-Tropsch synthesis ("FTS")
catalyst was prepared on a particulate modified 1.5g Si/1 0Og Puralox SCCa
2/150 (trademark) preshaped support using two sequential aqueous slurry
phase preparation 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
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: Preparation of impregnation solution 1 A cobalt
ammonium citrate solution having a density of 1,3 g/l and containing 125g/l
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 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. Impregnation/calcination step 1 39.6g of
impregnation solution 1 were added to 50.Og of the 1.5g Si/1 0Og Puralox
SCCa 2/150 modified pre-shaped support. Aqueous slurry phase impregnation
and vacuum drying were effected. The dried impregnated support was calcined
in a fluidized bed reactor by heating the material up to 3000C at a heating
rate of 2C/min, in a 1.6% (by volume) oxygen in nitrogen flow of 2 dm3
n/min. Under these conditions, the exotherm resulting from combustion of
organics was roughly 400C. As soon as the combustion started, the
temperature of the gas inlet was reduced and adjusted to yield a reaction
temperature of 300-310 0C. The combustion phase took 3.5 hours, after which
the calcination was assumed to be completed. Impregnation/calcination step
2 



50.Og of the intermediate calcined material from impregnation/calcinations
step 1 were subjected to the following 2nd cobalt/platinum impregnation and
calcination step: 37.04g Co(NO3)2-6H2O were dissolved in 25ml distilled
water and 0.056g of Pt(NH3)4.(NO3)2 (dissolved in 10ml distilled water)
were added to this solution. 50.Og of the ex 1st 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,
according to the following procedure using a continuous air flow of 1.6 dm3
n/min, while increasing the temperature from 25C to 250C at 1C/min and
keeping it at 250 0C for 6 hours.The catalyst precursor (i.e. after the 2nd
impregnation and calcination) was activated/reduced to obtain the catalyst
by using the procedure described in Example 1, except that the end
reduction temperature was 375C. EXAMPLE 3 - Preparation of Catalyst C in
accordance with the invention A 24g Co/0.072g PtLIOOg ( 1 .5g Si/1 0Og
Puralox SCCa 2/150) slurry phase Fischer-Tropsch synthesis ("FTS") catalyst
was prepared on a particulate modified 1.5g Si/1 0Og Puralox SCCa 2/150
(trademark) pre-shaped 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 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 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 125g/l cobalt was prepared 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 solution.All of
catalysts A, B, and C were tested for Fischer-Tropsch synthesis performance
using a slurry phase CSTR. The following Fischer-Tropsch synthesis reaction
conditions were maintained: Reactor temperature 230 C Reactor pressure 15
bar Catalyst inventory ca. 10 gram (H2 + CO) conversion 60%O H2:CO inlet
ratio 1.6:1 Argon internal standard 15 vol% 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. Catalysts B and C, as prepared in accordance with
the invention using cobalt citrate in the 1st impregnation and cobalt
nitrate in the 2nd 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 the 1st and
2nd 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
conventionally prepared cobalt nitrate-only impregnated Catalyst A. This
improved dispersion is demonstrated by XRD crystallite size determination,
as given in Table 1.TABLE 1: Cobalt content, cobalt oxide crystallite size,
and relative Fischer- Tropsch (FT) activity for catalysts A, B, and C 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 -
Preparation of Catalyst D in accordance with the invention A 18g Co/0.01 1g
Pd/0.061g Pt/100g ( 1.5g Si/1 0Og Puralox SCCa 2/150) slurry phase
Fischer-Tropsch synthesis ("FTS") catalyst was prepared on a particulate
modified 1.5g Si/1 0Og Puralox SCCa 2/150 (trademark) preshaped 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
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: Preparation of impregnation solution 1 



A cobalt ammonium EDTA solution containing 7 1.4g/l cobalt was prepared by
dissolving cobalt hydroxide in a EDTA solution in a water/EDTA/cobalt
hydroxide weight ratio of 1/1/0.25. 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. Impregnation/calcination step 1 64.6g of impregnation solution 1
was added to 50.Og of the 1.5g Si/1 0Og Puralox SCCa 2/150 modified
pre-shaped support and vacuum drying was effected. The dried impregnated
support was calcined in a fluidized bed reactor by heating the material up
to 3300C with a heating rate of 2C/min, in a 1.6% (by volume) oxygen in
nitrogen flow of 2 dm3 n/min. Under these conditions, the exotherm
resulting from combustion of organics is roughly 200C. 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 0C. The combustion phase took
5 hours, after which the calcination was assumed to be completed.
Impregnation/calcination step 2 The intermediate cobalt/palladium
impregnated and calcined ex-step 1 material was subjected to the following
2nd cobalt impregnation and calcination step: 49.5 of a solution of
Co(NO3)2-6H2O and Pt(NH3)4.(NO3)2 in water, having a cobalt content of
142.5g/l, a Pt content of 0.21 g/ml, a density of 1.34g/ml and a pH of 2.8
(adjusted with ammonia) was added to 35.Og of the ex 1st 



cobalt/palladium impregnated and calcined intermediate. Aqueous slurryphase
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 dm3 n/min, while
increasing the temperature from 25C to 2500C at 1C/min and keeping it at
2500C for 6 hours. The catalyst precursor (i.e. after the 2nd impregnation
and calcination) was activated/reduced to obtain the catalyst by using the
procedure as described in Example 1, except that the end temperature was
375C. EXAMPLE 5 - Preparation of Catalyst E in accordance with the
invention A 18g Co/0.01 1g Pd/0.061g Pt/100g (Titanium (IV) 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 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 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: Preparation of impregnation solution
1 A cobalt ammonium citrate solution containing 127g/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
to result in a palladium:cobalt weight ratio of 0.0015:1 in the final
solution.Impregnation/calcination step 1 39. 1g of impregnation solution 1
was added to 50.Og of the Titanium (IV) Oxide support and vacuum drying was
effected. The dried impregnated support was calcined in a fluidized bed
reactor by heating the material up to 3000C with a heating rate of 2C/min,
in a 1.6% (by volume) oxygen in nitrogen flow of 2 dm3 n/min. Under these
conditions, the exotherm resulting from combustion of organics is roughly
300C. 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 0C. The
combustion phase took 3.5 hours, after which the calcination was assumed to
be completed. Impregnation/calcination step 2 The intermediate
cobalt/palladium impregnated and calcined ex-step 1 material was subjected
to the following 2nd cobalt impregnation and calcination step: 36.1 of a
solution of Co(NO3)2.6H2O and Pt(NH3)4.(NO3)2 in water, having a cobalt
content of 139.4g/l, a Pt content of 0.21 g/ml, a density of 1.34g/ml and a
pH of 2.9 (adjusted with ammonia) was added to 25.Og of the ex 1st
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 dm3
n/min, while increasing the temperature from 25C to 250 0C at 1C/min 



and keeping it at 250 0C for 6 hours. The catalyst precursor (i.e. after
the 2nd impregnation and calcination) was activated/reduced to obtain the
catalyst by using the procedure as described in Example 1, except that the
end temperature was 375C.EXAMPLE 6 - Preparation of Comparative Catalyst F
A 2 1g Co/0.075g Pt/100g (Titanium (IV) 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
preparation was done by means of two impregnation and calcination steps,
both using an inorganic cobalt compound. In particular, the catalyst was
prepared as follows: Impregnation/calcination step 1 74.1 of a solution of
Co(NO3)2.6H2O and Pt(NH3)4.(NO3)2 in water, having a cobalt content of 15
1.5g/l, a Pt content of 0.07g/ml, a density of 1.37g/ml and a pH of 2.7
(adjusted with ammonia) and 1Og water was added to 50.Og of Titanium (IV)
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 continuous air flow of 1.6 dm3
n/min, while increasing the temperature from 25C to 250 0C at 1C/min and
keeping it at 250 0C for 6 hours. Impregnation/calcination step 2 The
intermediate cobalt/platinum impregnated and calcined ex-step 1 material
was subjected to the following 2nd cobalt impregnation and calcination
step: 



3Og of a solution of Co(NO3)2-6H2O and Pt(NH3)4.(NO3)2 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 1st
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,according to the
following procedure using a continuous air flow of 1.6 ddmm3 n //mmiinn,,
wwhhiillee iinnccrreeaassiinngg tthhee tteemmppierature from 25C to 250 0C
a t 1C/min and keeping it at 250 0C for 6 hours. The catalyst precursor
(i.e. after the 2 nd impregnation and calcination) was activated/reduced to
obtain the catalyst by using the procedure a s described in Example 1,
except that the end temperature was 375C EXAMPLE 7 - Preparation of
Catalyst G in accordance with the invention A 18g Co/0.01 1g Pd/0.061g
Pt/100g (Silicon dioxide) slurry phase Fischer- Tropsch synthesis ("FTS")
catalyst was prepared o n 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. This preparation was
done by means of two preparation steps: The first preparation step included
a single impregnation step with a n organic cobalt compound, while the
second preparation step included a single impregnation step with a n
inorganic cobalt compound. In particular, the catalyst was prepared a s
follows: Impregnation/calcination step 1 39. 1g of impregnation solution 1
from Example 5 (Catalyst E) and 4Og 



water was added to 50.Og 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 u p to 300 0C with a heating rate of
2C/min, in a 1 .6% (by volume) oxygen in nitrogen flow of 2 dm n/min. Under
these conditions, the exotherm resulting from combustion of organics is
roughly 3 0 0C . A s soon a s the combustion starts the temperature of the
gas inlet is reducedand adjusted to yield in a reaction temperature of
300-310. The combustion phase took 3.5 hours, after which the calcination
was assumed to be completed. Impregnation/calcination step 2 The
intermediate cobalt/palladium impregnated and calcined ex-step 1 material
was subjected to the following 2nd cobalt impregnation and calcination
step: 28.9g of a solution of Co(NO 3)2-6H2O and Pt(NH3)4.(NO3)2 in water,
having a cobalt content of 139.4g/l, a Pt content of 0.21 g/ml, a density
of 1.34g/ml and a pH of 2.9 (adjusted with ammonia) and 10g water was added
to 20.Og of the ex 1st 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 dm3 n/min, while increasing the temperature
from 25C to 250C at 1C/min and keeping it at 250C for 6 hours. The catalyst
precursor (i.e. after the 2nd impregnation and calcination) was
activated/reduced to obtain the catalyst by using the procedure as
described in Example 1, except that the end temperature was 375C 



Catalysts D, E, F and G were analysed for cobalt content and cobalt oxide
crystallite size. The results are given in Table 2.TABLE 2 Cobalt content,
and cobalt oxide crystallite size, for catalysts D, E, F and G Catalyst
Catalyst Catalyst Catalyst D E F G Cobalt content prior to 18 18 2 1 18
reduction [m%] XRD crystallite size of oxide precursor prior to 8 10 32 8
reduction [nm] 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. 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 demonstrated by XRD crystallite
size determination, as given in Table 2. EXAMPLE 8 - Preparation of
Catalyst H in accordance with the invention A 23g Co/0.00375g Pd/0.075g
PI/1 0Og ( 1 .5g Si/1 0Og Puralox SCCa 2/150) slurry phase Fischer-Tropsch
synthesis ("FTS") catalyst was prepared on a particulate modified 1.5g Si/1
0Og 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.This preparation was done by means of two
preparation steps: The first preparation step used an organic cobalt
compound, while the second preparation step used an inorganic cobalt
compound. The impregnation with the inorganic cobalt compound in the second
preparation step was repeated once (i.e. impregnations 2a and 2b). In
particular, the catalyst was prepared as follows: Preparation of
impregnation solution 1 A cobalt ammonium citrate solution containing
125g/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 to result in a palladium:cobalt weight ratio of
0.0015:1 in the final solution. Impregnation/calcination step 1 13,Og of
impregnation solution 1 and 4Og of water were added to 50.Og of the 1.5g
Si/1 0Og Puralox SCCa 2/150 modified pre-shaped support and vacuum drying
was effected. The dried impregnated support was calcined in a fluidized bed
reactor by heating the material up to 300 0C with a heating rate of 2C/min,
in a 1.6% (by volume) oxygen in nitrogen flow of 2 dm3 n/min. Under these
conditions, the exotherm resulting from combustion of organics is roughly
300C. 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 0C. The 



combustion phase took 2 hours, after which the calcination was assumed to
be completed.Impregnation/calcination step 2a The intermediate
cobalt/palladium impregnated and calcined ex-step 1 material was subjected
to the following 2nd cobalt impregnation and calcination step: 59,4g of a
solution of Co(NO 3)2-6H2O and Pt(NH3)4.(NO3)2 in water, having a cobalt
content of 151 g/l, a Pt content of 0.21 g/ml, a density of 1.37g/ml and a
pH of 2.7 (adjusted with ammonia) was added to 40.Og of the ex 1st
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 dm3
n/min, while increasing the temperature from 25C to 250 0C at 1C/min and
keeping it at 250 0C for 6 hours. 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: 40,9g of a solution of Co(NO 3)2-6H2O and Pt(NH3)4.(NO3)2 in water,
having 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.Og of the
exstep 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
calcination step, according to the following procedure using a continuous 



air flow of 1.6 dm3 n/min, while increasing the temperature from 25C to 250
0C at rc/min and keeping it at 250C for 6 hours. The catalyst precursor
(i.e. after last impregnation and calcination) was activated/reduced to
obtain the catalyst by using the procedure as described in Example 1,
except that the end temperature was 375CEXAMPLE 9 - Preparation of Catalyst
I in accordance with the invention A 18g Co/0.01 1g Pd/0.023g Pt/100g (
1.5g Si/1 0Og Puralox SCCa 2/150) slurry phase Fischer-Tropsch synthesis
("FTS") catalyst was prepared on a particulate modified 1.5g Si/1 0Og
Puralox SCCa 2/150 (trademark) preshaped support using three 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 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). In
particular, the catalyst was prepared as follows: Preparation of
impregnation solution 1 A cobalt ammonium citrate solution containing
125g/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 to result in a palladium:cobalt weight ratio of
0.0015:1 in the final solution. 



Impregnation/calcination step 1a 13,Og of impregnation solution 1 and 4Og
of water was added to 50.Og of the 1.5g Si/1 0Og Puralox SCCa 2/150
modified pre-shaped support and vacuum drying was effected. The dried
impregnated support was calcined in a fluidized bed reactor by heating the
material up to 300 0C with a heating rate of 2C/min, in a 1.6% (by volume)
oxygen in nitrogen flow of 2 dm3 n/min. Under theseconditions, the exotherm
resulting from combustion of organics is roughly 300C. 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 0C. The combustion phase took
2 hours, after which the calcination was assumed to be completed.
Impregnation/calcination step 1b 20, 8g of impregnation solution 1 was
added to 40.Og 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 300C
with a heating rate of 2C/min, in a 1.6% (by volume) oxygen in nitrogen
flow of 2 dm3 n/min. Under these conditions, the exotherm resulting from
combustion of organics is roughly 300C. As soon as the combustion starts
the temperature of the gas inlet is reduced and adjusted to yield in a
reaction temperature of 300-31 0C. 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 3rd cobalt impregnation and
calcination step: 42,4g of a solution of Co(NO3)2.6H2O 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.Og of the exstep 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 continuousair flow of 1.6 dm3 n/min, while increasing the temperature
from 25C to 250 C at rc/min and keeping it at 250 C for 6 hours. The
catalyst precursor (i.e. after the last impregnation and calcination) was
activated/reduced to obtain the catalyst by using the procedure as
described in Example 1, except that the end temperature was 375C Catalysts
H and I were tested for Fischer-Tropsch synthesis performance on exactly
the same basis as for Catalysts A, B and C hereinbefore 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 I 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 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
dispersions of cobalt on the catalyst support can be achieved when usinglow
metal loading, while on the other hand, for many Fischer-Tropsch synthesis
reactions, low cobalt loadings do not provide a desired high activity.
Hitherto, when it has then been attempted to increase the cobalt loading,
metal dispersion often decreased to unacceptable levels. It was thus
surprisingly found that this problem was avoided with the process of the
present invention. EXAMPLE 10 Preparation of Catalyst J in accordance with
the invention. A 26g Co/0,075Pt/100g ( 1 .5g Si/1 0Og Puralox SCCa 2/150)
slurry phase Fischer-Tropsch synthesis ("FTS") catalyst was prepared on a
particulate modified 1.5g Si/1 0Og 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. 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 compound and water as a
solvent. In particular, the catalyst was prepared as follows:
Impregnation/calcination step 1 43 g of Co(acac)2 (i.e. cobalt
acetylacetonate; Co(CsH7C ) and 0,049 g Pt(NHa)4.(NU3)2 were dissolved in
120 ml of Toluene. IOOgrams of 1.5g Si/1 0Og Puralox SCCa 2/150 modified
pre-shaped support was then added to this solution. Organic 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 dm3
n/min, whileincreasing the temperature from 250C to 25O0C at 1C/min and
keeping it at 25O0C for 6 hours. Impregnation/calcination step 2 100g of
this intermediate calcined material were subjected to the following 2nd
cobalt/platinum impregnation and calcination step: 69.5g Co(NO 3)2.6H2O
were dissolved in 100ml distilled water and 0.087g of Pt(NHa)4.(NU3)2
(dissolved in 10ml distilled water) were added to this solution, and 100g
of the ex 1st 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 dm3 n/min, while increasing the temperature from 250C to
25O0C at 1C/min and keeping it at 25O0C for 6 hours. The catalyst precursor
(i.e. after the 2nd impregnation and calcination) was activated/reduced to
obtain the catalyst by using the same procedure as described in Example 1.
TABLE 4 Cobalt content and cobalt oxide crystallite size for catalysts A,
B, C and JEXAMPLE 11 Fatty acid hvdroqenation The hydrogenating performance
of (Catalyst B) was determined by the hydrogenation of 15Og of tallow fatty
acid (iodine value 50.6). Catalyst 



runs were conducted in a 300ml autoclave using -830 mg of prereduced cobalt
catalyst such that the cobalt content in the reactor was 0.1 weight
percent. Reactions were run at a hydrogen pressure of 20 bar, a temperature
of 200 0C and a stirring speed of 1600 rpm. 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
hour. This resulted in an end iodine value of 22.5. The results are set out
in Table 4 TABLE 4CLAIMS 1. A process for preparing a catalyst precursor,
which process includes in a first preparation step, impregnating a
particulate catalyst 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
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. 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. 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
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
intermediate, and the calcination of the at least partially dried
impregnated intermediate, to obtain a higher metal loading in the calcined
intermediate.5. A process according to any Claim 3 or Claim 4, which
includes, in the second preparation step, repeating, at least once, the
impregnation with the inorganic metal salt, the at least partial drying of
the impregnated support, and the calcination of the partially dried
impregnated support, to obtain a higher metal loading in the catalyst
precursor. 6. A process according to any one of Claims 1 to 5 inclusive,
wherein the metal of the organic metal compound and that of the inorganic
metal salt is cobalt. 7. A process according to Claim 6, wherein the
inorganic cobalt salt of the second preparation step is Co(NO3)2-6H2O, with
the Co(NCb) .6H2O being dissolved in water as the carrier liquid. 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. 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 (CeH8O7) , succinic acid (C4H6O4) , oxalic acid
(C2H2O4) , acetic acid (C2H4O2) , gluconic acid (C6H12O7) and EDTA; the
cobalt compound is cobalt hydroxide; and the counterion source, when
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 (C5H8O2) .11. A process
according to Claim 6 or Claim 7, wherein the organic cobalt compound of the
first preparation step is cobalt ammonium citrate. 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, wherein the impregnation and drying during
the first and the second preparation steps are carried out at above 25C and
at sub-atmospheric pressure, thereby providing conditions at which the
inorganic cobalt salt and the organic cobalt compound will not readily
decompose. 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, 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 



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 1000C
and a pressure of at least 10 bar with the catalyst so prepared, to produce
hydrocarbons and, optionally, oxygenates of hydrocarbons.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 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. 2 1. 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. 22. Products produced by the hydrogenation process of Claim 2 1. 




