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DESCRIPTION

FIELD OF THE INVENTION

[0001] THIS INVENTION relates to catalysts. In particular, it relates to a process for preparing a catalyst precursor, and to a
process for preparing a catalyst, which catalyst can be used, for example, in hydrogenation reactions, including hydrocarbon
synthesis (for example Fischer- Tropsch (FT) synthesis) and including other hydrogenation reactions such as the hydrogenation
of organic compounds.

BACKGROUND ART

[0002] 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.

[0003] EP-A-0 736 326 describes cobalt impregnated alumina based Fischer-Tropsch synthesis catalysts synthesized by means
of aqueous slurry phase impregnation of a cobalt salt, for example cobalt nitrate hexahydrate, onto an alumina support, coupled
with drying of the impregnated support, followed by direct fluidized bed calcination of the resultant impregnated support, to obtain
a catalyst precursor, and then reducing the precursor to obtain the Fischer-Tropsch synthesis catalysts. These catalysts contain
cobalt dispersed on the support. Higher cobalt loadings, which result in higher catalyst activities, can be achieved by repeating
the cobalt salt impregnation step. However, this has a negative impact on the total process costs of catalyst fabrication and the
time required to prepare the catalyst. Moreover, the maximum amount of metal that can be deposited per impregnation step is
limited by the pore volume of the support.

[0004] Alternatively, suitable Fischer-Tropsch catalysts with high cobalt loadings can be prepared by mulling or kneading
alumina (EP-A-0 455 307), silica (EP-A-0 510 771) or zirconia (EP-A-0 510 772) with a soluble or insoluble cobalt source. In that
way, a paste can be obtained which is extruded, dried and calcined in order to obtain a catalyst or catalyst precursor. Especially
in the case of an insoluble cobalt source, such as Co(OH)2, a high loading of cobalt may be obtained in this way. In this approach,

the final shape of the support is determined during the catalyst preparation process. As a result, the mechanical strength and
physical shape of the support cannot be pre-defined. Also, in order to obtain mechanically strong catalysts according to these
known methods, the extrudates have to be calcined at relatively high temperatures. The drawback of high calcination
temperatures is that the catalyst performance is adversely affected. An additional drawback of mulling or kneading is that organic
delaminating agents are often needed. Such compounds give rise to an exothermic combustion with an exhaust of polluting
volatile organic compounds.

[0005] Yet a further alternative method of obtaining high cobalt loadings, is the precipitation of an insoluble cobalt compound
using an excess alkaline precipitating agent, subsequently deposited on a support by adding a soluble aluminium compound such
as sodium aluminate (WO-A-2006/021754). The precipitation of a cobalt compound at a pH of >8 on a solid support such as
Kieselguhr (WO-A-01/28962) by adding a base, has also been reported. In such cases, Co(NO3)2 is often used as a starting
compound that is suggested to precipitated on to the support as a cobalt hydroxide species (Appl. Catal. A: Gen. 311 (20086),
146). The disadvantage of precipitation processes that require chemical treatment, such as addition of a base, is the production
of waste such as salts. This necessitates excessive filtration or washing steps in the preparation process. In addition, such
processes do not necessarily ensure sufficient mechanical catalyst strength to avoid down stream problems regarding attrition
issues.

[0006] Thus, there is a need for hydrogenation catalysts, including Fischer-Tropsch catalysts, with high loadings of active
catalyst component such as cobalt, obtained by a simple preparation process that allows mechanically strong pre-shaped
supports to be used and that avoids or at least reduces the use of chemical treatments, such as addition of a base, or other
disadvantages as described above.

DISCLOSURE OF THE INVENTION

[0007] Thus, according to a first aspect of the invention, there is provided a process for preparing a catalyst precursor, which
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process includes forming a slurry of particles of an insoluble inorganic metal salt, particles and/or one or more bodies of a pre-
shaped catalyst support in a carrier liquid, and a soluble metal salt dissolved in the carrier liquid, wherein the metals of the
insoluble inorganic metal salt and the soluble metal salt are the same, and where the said metal is an active catalyst component,
with the particles of the insoluble inorganic metal salt thus being contacted with the particles and/or the one or more bodies of the
pre-shaped catalyst support, and with the pre-shaped catalyst support thus being contacted at least once with the soluble metal
salt, thereby to produce a treated catalyst support; and

removing carrier liquid from the slurry to obtain a dried treated catalyst support, which either directly constitutes the catalyst
precursor, or is optionally calcined to obtain the catalyst precursor.

[0008] It will thus be appreciated that, in some embodiments of the invention, the treated catalyst support will not need to be
calcined, and thus forms or constitutes the catalyst precursor directly. However, in other embodiments of the invention, it will be
necessary first to calcine the treated catalyst support in order to obtain the catalyst precursor.

[0009] The following statements do not relate to any particular embodiments of the present invention.

[0010] By 'active catalyst component' is meant that the metal of the insoluble metal compound is such that it actively catalyses
chemical reactions wherein an eventual catalyst obtained from the catalyst precursor, is used as a catalyst.

[0011] In this specification, the terms "insoluble metal compound” or "insoluble metal salt" mean a metal compound or a metal
salt respectively, in respect of which there is no dissolution or only very low levels of dissolution in the carrier liquid used.

Preferably, its solubility constant (Kgp at 25°C) in the carrier liquid is below 1.10°%, preferably below 1 10712, For example, the Kgp

at 25°C of cobalt hydroxide in water is 1,09.10'15,that of nickel hydroxide in water is 5,47.10'16, that of manganese hydroxide is
2,06.1 0-13 and that of copper hydroxide in water is 2,2.1 020,

[0012] The insoluble metal compound is preferably an insoluble metal salt, more preferably an insoluble inorganic metal salt.

[0013] In this specification, the term "inorganic metal salt" means a salt in which at least one metal atom is only associated with
one or more inorganic groups, which association is by means of a bond, for example, by means of a covalent bond, a metal-to-
ligand coordination or an ionic interaction.

[0014] In this specification, the term "slurry" is understood in terms of its general meaning as being a multiphase system of solid
particles suspended in a carrier liquid. The mass proportion of carrier liquid to dry mass of solids, i.e. insoluble metal compound
particles plus catalyst support particles/bodies, may be at least 1:1, typically about 2:1 .

[0015] The contacting of the particles of the insoluble metal compound with the particles and/or the one or more bodies of the
pre-shaped catalyst support may be carried out for a period of time, preferably for at least 1 minute, more preferably for at least
10 minutes and even more preferably for at least 15 minutes, and most preferably for at least 20 minutes, but preferably for not
more than 48 hours, more preferably for not more than 36 hours, even more preferably for not more than 20 hours, and most
preferably for not more than 2 hours, before removal of the carrier liquid is commenced.

[0016] The process may include effecting the contacting of the particles of the insoluble metal compound with the particles
and/or the one or more bodies of the pre-shaped catalyst support at an elevated temperature above 25°C, preferably above
50°C; preferably, however, the elevated temperature is below 100°C.

[0017] The process may include contacting the pre-shaped catalyst support and/or the treated catalyst support and/or the dried
treated catalyst support and/or the calcined treated catalyst support, at least once with a soluble metal compound. The metal of
the soluble metal compound may also be an active catalyst component. The soluble metal compound may, in particular, be a
soluble metal salt.

[0018] A "soluble metal compound" or "soluble metal salt" is a metal compound or salt respectively which is not an insoluble
metal compound or salt. Preferably, the soluble metal compound/salt has a solubility, in the liquid it is in use to be dissolved in, of
above 25g/100ml liquid, preferably above 100g/100ml liquid, at 25°C. For example, the solubility of cobalt nitrate in water is
133,8g/100ml, that of nickel nitrate in water is 238,5g/100ml, that of copper nitrate in water is 243,79/100ml and that of
manganese nitrate is 426,4g/100ml, all at 25°C.

[0019] The soluble metal salt, when used, may thus be contacted at least once with the particles of the insoluble inorganic metal
salt and/or with the preshaped catalyst support particles. Thus, it may form part of the slurry, i.e. it may be dissolved in the carrier
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liquid. Instead, however, the treated catalyst support may be contacted at least once with the soluble metal salt, e.g. with a
separate solution of the soluble metal salt. In cases where the treated catalyst support is calcined to form the catalyst precursor,
the calcined treated catalyst support, i.e. the catalyst precursor, can even be contacted at least once with the soluble metal salt
solution.

[0020] The formation of the slurry may include adding the insoluble metal salt particles and/or the preshaped catalyst support
particles, to the carrier liquid to form a mixture which is mixed so as to suspend the particles in the carrier liquid. This mixing may
be low shear mixing. It is to be appreciated that the consistency of the slurry is such (its viscosity is sufficiently low) that neither
mulling or kneading thereof nor extrusion thereof, can be effected. Also, mixing, especially low shear mixing, does not constitute
mulling or kneading.

[0021] The process may then, as a pretreatment step, include contacting the insoluble metal salt particles and/or the catalyst
support particles, with the soluble metal salt, e.g. with a solution of the soluble metal salt.

[0022] More particularly, the slurry may be formed by first forming a suspension of the insoluble inorganic metal salt particles in
the carrier liquid and then adding the preshaped catalyst support particles and/or bodies to the suspension, to form the slurry.

[0023] Preferably particles of the insoluble inorganic metal salt are added to the carrier liquid to form a suspension. The pre-
shaped catalyst support may be added to the carrier liquid prior to and/or during and/or subsequent to the formation of the
suspension, to form the slurry. It will thus be appreciated that the insoluble inorganic metal salt particles do not form in situ; the
suspension is formed by admixing pre-existing insoluble inorganic metal salt particles with the carrier liquid.

[0024] The metals of the metal salts, i.e. the insoluble inorganic metal salt and the soluble metal salt, may be independently
selected, and may be the same or different metals. Preferably, however, they are the same metal. Suitable metals may be
selected from the group consisting of Groups Ib, lib, Vb, Vib, Vb and VI of the Periodic Table of Elements. More preferably, they
are selected from cobalt, nickel, ruthenium, manganese, iron, copper, zinc, molybdenum, a precious metal, and combinations of
two or more thereof. Cobalt, nickel and copper are particularly suitable for preparing a hydrogenation catalyst precursor. For
cobalt based catalyst precursors, cobalt is preferably used in combination with itself

[0025] The insoluble inorganic metal salt may, at least in principle, be any insoluble inorganic metal salt; however metal
carbonate salts and, in particular, metal hydroxide salts, are preferred. The metal of the insoluble inorganic metal salt is
preferably selected from the group consisting in cobalt, copper, nickel, manganese, or combinations of two or more thereof. When
the metal in the insoluble inorganic metal salt is cobalt, cobalt hydroxide, cobalt carbonate, and, in particular, Co(OH)o, are

preferred.

[0026] The soluble metal salt is thus preferably such that its metal is also an active catalyst component. The soluble metal salt
may be an inorganic metal salt and/or an organic metal salt. Combinations of different soluble metal salts, for example salts of
different metals or salts with different organic or inorganic anions can be used.

[0027] In this specification, the term "organic metal salt" means a compound wherein at least one metal atom is associated with at
least one organic group by means of a bond, for example, by means of a covalent bond, a metal-to-ligand coordination or an ionic
interaction. Preferably, the metal atom is associated with at least one non-carbon atom of the at least one organic group, in
particular with 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.

[0028] When a soluble inorganic metal salt is used, it may, at least in principle, be any soluble inorganic metal salt.

[0029] Suitable soluble metal salts include nitrates, sulfates, chlorides and ammonium citrates, preferably nitrates, acetates and
ammonium citrates. The metal of the soluble metal salt is preferably selected from a group consisting in cobalt, copper, nickel,
manganese, or combinations of two or more thereof. When a soluble inorganic metal salt is used, and its metal is cobalt,
Co(NO3)2.6H20, is preferred.

[0030] When a soluble organic cobalt salt is used, it may be that obtained by reacting a cobalt compound such as cobalt
hydroxide or cobalt nitrate, with an organic acid, optionally in the presence of at least one counterion source. The cobalt
compound is then preferably a cobalt basic compound. The counterion source, when present, is preferably an inorganic source,
and preferably it is a source of one or more cations The counterion source may be ammonia.
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[0031] The organic cobalt salt can be formed in situ. Thus, the cobalt compound, e.g. cobalt hydroxide, can be dissolved in a
solution of the organic acid in water.

[0032] The organic acid may be a carboxylic acid such as an acetic acid, citric acid (CgHgO7), succinic acid (C4HgO4), oxalic acid
(CoH204), acetic acid (CoH402), gluconic acid (CegH1207) or EDTA, i.e. ethylenediaminetetraacetic acid. Preferably, the organic
acid is citric acid.

[0033] In the organic cobalt salt 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.

[0034] The organic cobalt salt may be cobalt ammonium citrate or cobalt ammonium EDTA. Instead, the organic cobalt salt may
be that obtained by reaction of a cobalt compound with acetylacetone (Cs5HgO2).

[0035] Sufficient insoluble inorganic metal salt and, optionally, soluble metal salt may be used so that the resultant amount of
active metal component in proportion to the support in the catalyst precursor is between 5 and 90 mass %, preferably between 10
and 70 mass %, most preferably between 10 and 50 mass%, based on the total precursor mass.

[0036] The process may include subjecting the catalyst precursor, i.e. the treated catalyst support, to further treatment by
forming a slurry of particles of the treated catalyst support, particles of an insoluble metal salt and a carrier liquid, removing
carrier liquid from the slurry, and, optionally, calcining the further treated particles thus obtained, to obtain the catalyst precursor.

[0037] Particles of the pre-shaped catalyst support are used. However, it is to be appreciated that the same principles can be
applied to bodies of the pre-shaped catalyst support.

[0038] The formation of the slurry may comprise suspending the insoluble metal compound particles in the carrier liquid to form a
suspension, and adding the particles of the pre-shaped catalyst support to the carrier liquid prior to and/or during and/or
subsequent to the formation of the suspension, to form the slurry, with the active catalyst component, i.e. the metal of the
insoluble metal compound, being deposited on the support particles. Preferably, no soluble metal compound is included in the
slurry. Preferably, the deposition may be by means of chemisorption, preferably at a neutral to slightly acidic pH value, typically in
the range of 8 to 2. The effect of chemisorption in this process is expressed by a change in pH value. This is thus characterized
thereby that only chemisorption is effected.

[0039] Without wishing to be bound by theory, it is believed that, during chemisorption, deposition of a molecule of the active
catalyst component on the support is achieved by the formation of a chemical bond between the support and the molecule. Also
without wishing to be bound by theory, it is believed that this chemical bond is most likely the result of a condensation reaction.

[0040] The formation of the slurry may comprise suspending the insoluble metal compound particles in the carrier liquid to form a
suspension, and adding the particles of the pre-shaped catalyst support to the carrier liquid prior to and/or during and/or
subsequent to the formation of the suspension, to form the slurry, with the metal of the insoluble metal compound being deposited
on the support particles, preferably by chemisorption; and further including, after the removal of carrier liquid from the slurry,
contacting the dried treated catalyst support with the soluble metal compound by treating the dried treated catalyst support at
least once with a solution of the soluble metal compound in a carrier liquid, with the metal of the soluble metal compound being
deposited in and/or on the support particles, preferably by impregnation. Preferably no soluble metal compound is included in the
slurry. There is, during the forming of the slurry and which thus constitutes a first process step, deposition of a first portion of an
active catalyst component on the support particles. This deposition may be by means of chemisorption as hereinbefore described
. However, the treated catalyst support particles thus obtained are then, and with or without calcination thereof, subjected to
further treatment by contacting them at least once, in a further process step, with a solution of the soluble metal salt in a carrier
liquid with the metal of the soluble metal salt thus also being an active catalyst component and wherein the metal of the soluble
metal salt impregnates the treated support particles, thereby forming a second portion of the active metal component. The
impregnated and chemisorbed support is then calcined, and the catalyst precursor thereby obtained. This is thus characterized
thereby that the chemisorption and impregnation is strictly carried out using the sequence of metal chemisorption first with the
insoluble metal salt, and thereafter impregnation with the soluble metal salt.

[0041] The formation of the slurry may comprise forming a solution of the soluble metal compound in the carrier liquid,
suspending the insoluble inorganic metal compound particles in the carrier liquid to form a suspension, and adding the particles
of the pre-shaped catalyst support to the carrier liquid prior to and/or during and/or subsequent to the formation of the
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suspension, to form a slurry, with the metal of the insoluble metal compound being deposited on the support particles, preferably
by chemisorption, while the metal of the soluble metal compound is deposited in and/or on the support particles, preferably by
impregnation. The metal of the soluble metal salt is then also an active catalyst component. The active metal component is thus,
in the same process step, deposited by chemisorption and is also impregnated onto and into the support to form the treated
catalyst support, which is then calcined to obtain the catalyst precursor.

[0042] This is thus characterized thereby that the chemisorption and impregnation are carried out simultaneously, i.e. in the
same process step.

[0043] Preferably the impregnated support is subjected to at least partial carrier liquid removal prior to the calcination thereof.

[0044] Thus, the preferred manner of depositing the metal of the insoluble metal salt on the pre-shaped catalyst support is by
chemisorption; the preferred manner of depositing the metal of the soluble metal compound on the pre-shaped catalyst support is
by impregnation.

[0045] Surprisingly, it was found that with a process which preferably includes at least one chemisorption and one impregnation
step, 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 depositing only
inorganic metal salts, e.g. inorganic cobalt salts by means of impregnation. Also, the process provides catalytic materials at low
calcination temperatures excluding exotherms.

[0046] A promoter may also be introduced onto and/or into the catalyst support particles by pretreating the catalyst support
particles before the slurry is formed or, preferably, by adding the promoter, or a precursor thereof, to the slurry. When present,
the promoter is preferably one that is capable of enhancing the reducibility of the active catalyst component. The promoter may
be introduced as a promoter precursor or compound which is a compound of a metal selected from the group consisting of
palladium (Pd), platinum (Pt), ruthenium (Ru), rhenium (Re), Rhodium (Rh) and a mixture of one or more thereof. Preferably, the
promoter compound is an inorganic or organic salt, and, preferably it is soluble in water. Preferably the promoter is an acetate,
acetyl acetonate, nitrate or nitrosylnitrate. The mass proportion of the metal of the promoter the active component metal mass
may be in the ratio of 1:5 to 1:10000. The mass proportion of the metal of the promoter (especially palladium or platinum) to the
active component metal (especially cobalt) mass may be in the ratio of 1:300 to 1:3000. The mass proportion of the metal of the
promoter (rhenium) to the active component metal (especially cobalt) mass may be in the ratio of 1:5 to 1:300.

[0047] The carrier liquid may thus be any suitable liquid solvent for the soluble metal salt, provided of course that the insoluble
inorganic metal salt is insoluble in it. However, it is preferably water.

[0048] In this specification, the term "pre-shaped catalyst support" means that the shape of the catalyst support is determined by
the catalyst support used and it remains essentially the same during the catalyst precursor preparation process, i.e. it is not
transformed or altered during the catalyst precursor preparation process. In particular, there is thus no shaping of the catalyst
support after it has been contacted with the insoluble metal salt.

[0049] The pre-shaped catalyst support may be porous. It may be selected from the group consisting in a monolith, structured
packings, tablets, shaped artefacts, extrudates, spheres, or combinations of two or more thereof. In other words, when the pre-
shaped catalyst support is in the form of one or more bodies, the bodies may be monoliths; however, when the pre-shaped
catalyst support is in the form of particles, the particles may be structured packings, tablets, shaped artefacts, extrudates,
spheres, or combinations of two or more of these. However, spherical pre-shaped catalyst support particles are preferred; they
may have an average particle size of 50-150 micrometers.

[0050] Optionally, the support used in the slurry may have undergone, as a pretreatment, a chemical modification. By such a
chemical modification is understood that the support could be pretreated by (i) being coated with another chemical inorganic
material such as, without being restrictive, silica, alumina, zeolitic, or zirconia coating, or (ii) being impregnated with an organic
material, which facilitates the metal dispersion, or (iii) being impregnated with a metal salt. Organic materials suitable for use in (ii)
are widely known in the field and include such materials as organic acids, sugars or sugar alchohols, polyols or detergents,
preferably the detergents are non ionic. Metal salts suitable for use in (iii) include some alkali, earth alkali, rare earth metal or
transition metals, and can be impregnated to alter specifically the acido-basicity properties of the support and the final catalyst.
Further, impregnations with molbydates or tungstates, especially the use of ammonium para-molybdate, can also be carried out.
Optionally, such additional impregnations with metal salts can instead take place on the treated catalyst support particles, before
or after calcination thereof.
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[0051] The preshaped or preformed catalyst support particles may preferably have an average pore diameter between 8 and 50
nanometers, more preferably between 10 and 15 nanometers. The support pore volume may be between 0.1 and 1 ml/g catalyst
support, preferably between 0.3 and 0.9ml/g catalyst support. The pre-shaped support may be a particulate support, preferably
with an average particle size of between 1 and 500 micrometers, preferably between 10 and 250 micrometers, still more
particularly between 45 and 200 micrometers. The shaping of a preformed support with particle sizes between 1 and 500
micrometer can be done by means of spray-drying. After spray-drying this shaped support can be calcined.

[0052] The pre-shaped catalyst support may be selected from the group consisting of alumina in the form of one or more
aluminium oxides, silica, titania, zirconia, magnesia, zinc oxide, activated carbon, molecular sieves, in particular zeolites, and
mixtures or combinations thereof. Preferably the support is selected from the group consisting of alumina in the form of one or
more aluminium oxdes; titania, and silica. Typically, the support 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 oxde catalyst support may be that obtainable
under the trademark Puralox, preferably Puralox SCCa from SASOL Germany GmbH. Puralox SCCa (trademark) is a spray-dried
aluminium oxide support consisting of a mixture of gamma and delta aluminium oxide or Al 4505 from BASF Germany GmbH. Al
4505 is obtainable as powders and shaped, for instance as Al4505 T1/8, as tablets.

[0053] The aluminium oxide is preferably a crystalline compound which can be described by the formula Al2O3.xHO where 0 < x
< 1. The term aluminium oxide thus excludes Al(OH)3, and AIO(OH), but includes compounds such as gamma, delta and theta

alumina.

[0054] Preferably, the catalyst support includes one or more modifying components. This is particularly the case where the
support basis, that is the support excluding the modifying component, is soluble in a neutral and/or an acidic aqueous solution, or
where the support basis is susceptible to hydrothermal attack as described below.

[0055] The modifying component may comprise a component that results in one or more of the following:

1. (i) decreases the dissolution of the catalyst support in an aqueous environment,

2. (i) suppresses the susceptibility of the catalyst support to hydrothermal attack (especially during Fischer-Tropsch
synthesis);

3. (iii) increases the pore volume of the catalyst support;

4. (iv) increases the strength and/or attrition and/or abrasion resistance of the catalyst support.

[0056] 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
phase impregnation catalyst preparation step. Hydrothermal attack can cause the sintering of the catalyst support (for example
aluminium oxide), dissolution of Al ions or break up of the catalyst particles during hydrocarbon synthesis, especially Fischer-
Tropsch synthesis, due to exposure to high temperature and water.

[0057] 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.

[0058] The modifying component may be selected from the group consisting of Si, Zr, Co, Ti, Cu, Zn, Mn, Ba, Ni, Na, K, Ca, Sn,
Cr, Fe, Li, Ti, Sr, Ga, Sb, V, Hf, Th, Ce, Ge, U, Nb, Ta, W, La and mixtures of thereof.

[0059] The modifying component may, more particularly, be selected from the group consisting of Si; Zr; Cu; Zn; Mn; Ba; La; Ti;
W; Ni and mixtures thereof. Preferably the modifying component is selected from the group consisting of Si and Zr. More
preferably, the modifying component is Si.

[0060] When the modifying component is Si, the silicon level in the resultant catalyst support is in an amount 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.
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[0061] Preferably, the upper level is 2.8 Si atoms/nm? of the catalyst support.

[0062] The modified aluminium oxide catalyst support may be that obtainable under the trademark Siralox, obtainable from Sasol
Germany GmbH, containing between 1.4 and 2.2 mass % Si.

[0063] 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
catalyst support in the form of one or more aluminium oxides or a silica modified aluminium oxide may also include La. It is
believed that La improves attrition resistance.

[0064] The 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 to the catalyst support increases the activity of a
catalyst formed, especially in the case of a cobalt FT catalyst, particularly when no noble metal promoters and preferably no Re
or Ta promoters are present in the catalyst. Preferably, the titanium is included in the internal structure of the support and,
preferably, no titanium is present as a deposit on the support.

[0065] 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.

[0066] The catalyst support may be in the form of porous particles coated with carbon.
[0067] Alternatively, the porous particles may, however, be free of such a carbon coating.

[0068] 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. The removal of the carrier liquid from the slurry
may include subjecting the slurry to drying and/or filtration. When drying is employed, drying by heat treatment, i.e. at elevated
temperature, is preferred.

[0069] The chemisorption as hereinbefore described is thus effected by slurry phase mixing using a slurry made up of the pre-
shaped support and the insoluble inorganic salt in the carrier liquid. Preferably, the slurry is aqueous. After chemisorption, the
remaining carrier liquid may be removed by drying at above 25°C at sub-atmospheric pressure and/or it may be removed by
filtration.

[0070] When present, the drying during the impregnation, may be carried out under conditions at which the soluble (inorganic or
organic) metal salt will not readily decompose. Preferably, the drying step is carried out at above 25°C and preferably at sub-
atmospheric pressure. Preferably, the slurry is dried at a temperature in the range of 40°C to 120°C, typically about 100°C, with
the final pressure typically being in the range 50 to 120 mbar, typically about 80 mbar.

[0071] During a potential repetition of the catalyst precursor chemisorption step as hereinbefore described, the calcined treated
catalyst support may be subjected to slurry phase chemisorption, using a slurry made up of the calcined treated catalyst support
and an insoluble inorganic metal salt (the metal of which is an active catalyst component as hereinbefore described) in a carrier
liquid. Again, after chemisorption, the residual liquid may be removed by drying at above 25°C at sub-atmospheric pressure or it
may be removed by filtration.

[0072] Any subsequent impregnation may be carried out under conditions at which the soluble (inorganic or organic) metal salt
will not readily decompose. Preferably, the drying step is carried out at above 25°C and preferably at sub-atmospheric pressure.

[0073] The nitrogen content in the catalyst precursor may be less than 1 mass %, preferably less than 0.5 mass %.

[0074] Calcination, when carried out, is preferably carried out at a temperature above 25°C causing the deposited and
impregnated metal salts to decompose and/or to react with oxygen. Calcination is thus preferably carried out under oxidizing
conditions. For example, cobalt nitrate may be converted into a compound selected from CoO, CoO(OH), Co304, Cos03 or a

mixture of one or more thereof.

[0075] The calcination is typically effected in a fluidized bed, or in a rotary kiln. The at least partially dried impregnated treated
catalyst support may be calcined in air. The temperature during calcination may then be between 100°C to 600°C, preferably
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between 120°C and 350°C, more preferably between 150°C and 300°C, typically about 250°C, for obtaining cobalt oxide catalyst
precursors. The temperature is normally increased from ambient temperature, typically 25°C, to 200-350°C at a rate of between
0.1 and 10°C/min, preferably between 0.5 and 3°C/min. The GHSV during the calcination, especially of importance in fluidized

beds and in the presence of nitrate impregnations 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 metal is present in a calcined state. Apart from the methods mentioned above, calcination may be
effected also, for example, in movable or fixed beds.

[0076] The calcination may be carried out by using a heating rate and a space velocity that comply with the following criteria:

1. (i) when the heating rate is £ 1°C/min, the space velocity is at least 0.76 mn3/(kg Co(NO3)2:6H20)/h; and

2. (ii) when the heating rate is higher than 1°C/min, the space velocity satisfies the relation :

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

[0077] There is provided a catalyst precursor, which is obtained or is obtainable by the process for preparing a catalyst
precursor and comprises metal in an amount of between 5 and 90 mass %, based on the total precursor mass.

[0078] The precursor preferably comprises between 10 and 70 mass %, and more preferably between 10 and 50 mass % of
metal. The catalyst precursor is essentially free of exchangeable ions.

[0079] 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 soluble metal compound/salt may be cobalt. Preferably, the metal of the insoluble metal compound/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.

[0080] However, instead, the catalyst precursor may be a hydrogenation catalyst precursor suitable for the hydrogenation of
organic compounds. More specifically, the catalyst precursor may then be an aromatic, nitro compound, nitrile, alkyne, alkene,
diene or an aldehyde hydrogenation catalyst precursor, or a hydrodechlorination catalyst precursor. For example, the catalyst
precursor can also be an alcohol or ammonia synthesis catalyst precursor.

[0081] When the hydrotreating catalyst precursor is cobalt-based, it can be formed in the same manner as the cobalt-based
Fischer-Tropsch synthesis catalyst precursor hereinbefore described. Typically, the catalyst support will be impregnated with
ammonium para molybdate, dried and optionally calcined and used as such.

[0082] A similar preparation process can be applied to prepared NiMo catalysts. Cobalt and/or nickel in combination with
molybdenum are particularly suitable for preparing a hydrotreating catalyst precursor, especially these type of catalyst can be
applied for HDM (hydro demetallization), HDS (hydro desulphurization), HDN (hydrodenitrogenation) or for pyrolysis gas
hydrogenations.

[0083] There is provided a process for preparing a catalyst, which includes preparing a catalyst precursor using the process for
preparing a catalyst precursor and reducing the catalyst precursor so prepared, to obtain a catalyst.

[0084] 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 of aromatic, nitro
compound, nitrile, alkyne, alkene, diene or an aldehyde or hydrodechlorination or alcohol or ammonia synthesis or for HDM
(hydro demetallization), HDS (hydro desulphurization), HDN (hydrodenitrogenation) or for pyrolysis gas hydrogenations.

[0085] 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 thus prepared nickel-
based catalysts are hydrogenation, hydro-dechlorination, and the like. In hydro-dechlorination reactions, the hydrogenation
catalyst prepared 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.
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[0086] 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.

[0087] Surprisingly 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. Even more surprisingly, it was found that by using the chemisorption-impregnation preparation process as hereinbefore
defined, not only is a desired high cobalt loading obtained, but a high degree of cobalt (metal and/or oxide) dispersion is also
obtained, resulting in a catalyst with improved Fischer-Tropsch synthesis activity.

[0088] The catalyst precursor may be reduced or activated by any known reduction type, preferably 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., Preferably the concentration of hydrogen is in the range
of 0.1 to 100 % and the reduction is carried out at any temperature above 100°C.

[0089] When the catalyst is a Fischer-Tropsch 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 h to about 24 h and at a pressure ranging from ambient to about 40 atmospheres. Suitable
reduction conditions for preparing the catalyst of the present invention can be found in patents WO-A-03/035257, WO-A-
2008/135939, WO-A-2008/135940 and WO-A-2008/135941.

[0090] There is provided a hydrocarbon synthesis process which comprises preparing a catalyst using the process of preparing
a catalyst and contacting contacting hydrogen with carbon monoxide at a temperature above 100°C and a pressure of at least 10
bar with the catalyst so prepared, to produce hydrocarbons and, optionally, oxygenates of hydrocarbons.

[0091] The temperature may be from 180°C to 250°C, more preferably from 210°C to 240°C. The pressure more preferably may
be from 10 bar to 70 bar.

[0092] 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.

[0093] The hydrocarbon synthesis process may also include a hydroprocessing step for converting the hydrocarbons and,
optionally, oxygenates to liquid fuels and/or chemicals.

[0094] There is provided a hydrogenation process which comprises preparing a catalyst using the process of preparing a
catalyst and contacting hydrogen and an organic compound with the catalyst so prepared, to hydrogenate the organic compound.

[0095] The invention will now be described in more detail, with reference to the following non-limiting examples and the
accompanying drawings.

[0096] In the drawings,

FIGURE 1 shows, for Example 23, images of a Co(OH)2 slurry in water containing silica modified alumina support prior to and after
mixing at 80°C;

FIGURE 2 shows, for Example 23, images of a sample of a mixture containing Co(NO3)2 on top of the dark purple solid ex-cobalt
hydroxide on the support;

FIGURE 3 shows, for Example 23, TPR data of a physical mixture of Co(OH)2 and silica modified alumina vs chemisorbed

Co(OH)» on silica modified alumina; and

FIGURE 4 shows, for Example 23, images of a mixture of Co(OH)2 and alumina tablets in water.

EXAMPLE 1 -

Preparation of comparative Catalyst 1
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[0097] A 30g Co/0.075g Pt/100g (1.5g Si/100g Puralox SCCa, see also WO-A-99/42214, example 1) catalyst was prepared on a
particulate modified 1.5g Si/100g Puralox SCCa pre-shaped support using aqueous slurry phase impregnation and drying,
followed by direct fluidised bed calcination in air.

[0098] This preparation was carried out by means of two impregnation and calcination steps, both of which used a soluble
inorganic cobalt compound.

[0099] In particular, the catalyst, which is suitable for use in a slurry phase Fischer Tropsch synthesis, was prepared as follows:

43.70g Co(NO3)2.6HyO was dissolved in 40ml distilled water, and 0.024g of Pt(NH3)4.(NO3)2 (dissolved in 10ml distilled water)

was added to this solution, after which 50.0g of the 1.5g Si/100g Puralox SCCa modified pre-shaped support was added to the
solution. Aqueous slurry phase impregnation and vacuum drying were then effected by increasing the temperature from 60 to 95
°C, while the vacuum was reduced from 170 to 75 mbar.

[0100] This vacuum dried intermediate was directly subjected to a fluidized bed calcination step using a continuous air flow of 1.7

dm3n/min, while increasing the temperature from 25°C to 250°C at 1°C/min and keeping it at 250°C for 6 h.

[0101] 50.0g of this intermediate calcined material was subjected to the following ond cobalt/platinum impregnation and
calcination step: 23.51 g Co(NO3)2.6H20 was dissolved in 40ml distilled water and 0.039g of Pt(NH3)4.(NO3)2 (dissolved in 10ml

distilled water) was added to this solution, and 50.0g of the ex 18t cobalt/platinum impregnated and calcined intermediate was
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 dm3n/min,
while increasing the temperature from 25°C to 250°C at 1°C/min and keeping it at 250°C for 6 h.

[0102] 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: 10g of the catalyst was
reduced at 1 bar in pure Hp (space velocity = 2000ml, Hp/g catalyst/h) whilst the temperature was increased from 25°C to 425°C
at a rate of 1°C/min where after the temperature was kept constant at this temperature of 425°C for 16 h. The reduced catalyst
was allowed to cool down to room temperature at which stage the hydrogen was replaced by argon, and the catalyst unloaded in
molten Fischer-Tropsch wax under the protection of an argon blanket. This wax coated catalyst was then transferred to the slurry
reactor.

EXAMPLE 2 - Co(OH); only

Preparation of comparative Catalyst Precursor 2

[0103] A 5.0g Co/100g support catalyst precursor was prepared on a particulate silica modified alumina support using
chemisorption, followed by direct fluidised bed calcination in air.

[0104] In particular, the catalyst precursor was prepared as follows:

Chemisorption

[0105] 40g of silica modified alumina was added to a suspension of 3.2g of particulate cobalt hydroxide in 90ml of water. The
resulting mixture, which was in the form of a slurry, had a pH of 7.5. Aqueous slurry phase chemisorption was effected for 18 h at
80°C. During this process the pH slowly decreased to 5. The water layer was decanted from the mixture, and after three washings
with water, the light purple colored product was dried at 40 mbar and 80°C. This vacuum dried treated catalyst precursor or
intermediate was subjected to fluidized bed calcination, according to the following procedure using a continuous air flow of 1.6

10
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dm3n/min, while increasing the temperature from 25°C to 250°C at 1°C/min and keeping it at 250°C for 6 h.

EXAMPLE 3 - Co(OH); and Co(NO3); in succession

Preparation of comparative Catalyst 3

[0106] A 20g Co/0.070g Pt/100g support catalyst was prepared on a particulate silica modified alumina support using sequential
chemisorption-impregnation aqueous slurry phase preparation and drying, followed by direct fluidised bed calcination in air.

[0107] This preparation was done by means of two preparation steps: The first preparation step included chemisorption using
cobalt hydroxide, while the second preparation step included impregnation using cobalt nitrate.

[0108] In particular, the catalyst was prepared as follows:

Cobalt nitrate solution

[0109] A cobalt nitrate solution was prepared using Co(NO3)2.6H)O and Pt(NH3)4.(NO3)2 resulting in a solution containing
140.2g/l Co and 0.5328g/I Pt. The pH of the solution was adjusted to 2.7 using nitric acid.

Chemisorption/impregnation

[0110] 40g of silica modified alumina was added to 3.2g of particulate cobalt hydroxide in 90ml of water. The resulting
suspension had a pH of 7.5. Aqueous slurry phase chemisorption was effected for 18 h at 80°C. During this process the pH slowly
decreased to 5. The water layer was decanted from the mixture, and after three washings with water, the purple colored product
was dried at 40 mbar and 80°C.

[0111] The treated catalyst support or intermediate material from chemisorption was subjected to the following cobalt/platinum
impregnation and calcination step:

30.0g ex chemisorbed material and 47.7ml of the cobalt nitrate solution were subjected to aqueous slurry phase impregnation and
vacuum drying according to the details provided in the impregnation and vacuum drying protocol in Example 1. This vacuum dried
intermediate was directly subjected to a fluidized bed calcination step, according to the following procedure using a continuous air

flowof 1.6 dm3n/min, while increasing the temperature from 25°C to 250°C at 1°C/min and keeping it at 250°C for 6 h.

[0112] The catalyst precursor (i.e. after the chemisorption, impregnation and calcination) was activated/reduced to obtain the
catalyst by using the procedure described in Example 1, except that the end reduction temperature was 375°C.

EXAMPLE 4 - (Co(OH)_z and Co(NO_3)_2 simultaneously)

Preparation of inventive Catalyst 4

[0113] A 19.2g Co/0.070g Pt/100g support catalyst was prepared on a particulate silica modified alumina support using
simultaneous chemisorption-impregnation aqueous slurry phase preparation and drying, followed by direct fluidised bed
calcination in air.

[0114] This preparation was done by means of a single preparation or procesing step: The step included chemisorption using
cobalt hydroxide and impregnation using cobalt nitrate. Thus, chemisorption and impregnation takes place in the same process

11
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step and is referred to as simultaneous chemisorption and impregnation.

[0115] In particular, the catalyst was prepared as follows:

Cobalt nitrate solution

[0116] A cobalt nitrate solution was prepared using Co(NO3)2.6H2O and Pt(NH3)4.(NO3)2 resulting in a solution containing
140.2g/l Co and 0.5328g/l Pt. The pH of the solution was adjusted to 2.7 using nitric acid.

Chemisorptionlimpreénation

[0117] 40g of silica modified alumina was added to a suspension of 3.2g of solid particulate cobalt hydroxide in 57g of the cobalt
nitrate solution and 50g of water. Aqueous slurry phase chemisorption was effected for 1 h at 80°C. During this process the pH of
the slurry changed from 6 to 3.5. The resulting slurry of purple solid material in dark red solution was subjected to impregnation
and vacuum drying according to the details provided in the impregnation and vacuum drying protocol in Example 1. This vacuum
dried treated catalyst precursor or intermediate was directly subjected to a fluidized bed calcination step, according to the

following procedure using a continuous air flow of 1.6 dm3n/min, while increasing the temperature from 25°C to 250°C at 1°C/min
and keeping it at 250°C for 6 h.

[0118] The catalyst precursor (i.e. after the chemisorption, impregnation and calcination) was activated/reduced to obtain the
catalyst by using the procedure described in Example 1, except that the end reduction temperature was 375°C.

EXAMPLE 5 - (Co(OH), and Co(NO)3)2)

Preparation of inventive Catalyst 5

[0119] A 20.9g Co/0.0795g P¥100g support catalyst was prepared on a particulate silica modified alumina support using
simultaneous chemisorption-impregnation aqueous slurry phase preparation and drying, followed by direct fluidised bed
calcination in air.

[0120] This preparation was done by means of a single preparation step: The step included chemisorption using cobalt
hydroxide and impregnation using cobalt nitrate.

[0121] In particular, the catalyst was prepared as follows:

Cobalt nitrate solution

[0122] A cobalt nitrate solution was prepared using Co(NO3)2.6HyO and Pt(NH3)4.(NO3)2 resulting in a solution containing
141.2g/l Co and 0.5396¢/I Pt. The pH of the solution was adjusted to 2.6 using nitric acid.

Chemisorption/impreanation

[0123] 40g of silica modified alumina was added to a suspension of 4g of solid particulate cobalt hydroxide in 57g of the cobalt
nitrate solution and 50g of water. Aqueous slurry phase chemisorption was effected for 30 min at 60°C. During this process the
pH of the slurry changed from 6 to 3.5. The resulting slurry of purple solid material in dark red solution was subjected to
impregnation and vacuum according to the details provided in the impregnation and vacuum drying protocol in Example 1. This
vacuum dried treated catalyst support or intermediate was directly subjected to a fluidized bed calcination step, according to the

following procedure using a continuous air flow of 1.6 dm3n/min, while increasing the temperature from 25°C to 250°C at 1°C/min

12
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and keeping it at 250°C for 6 h.

[0124] The catalyst precursor (i.e. after the chemisorption, impregnation and calcination) was activated/reduced to obtain the
catalyst by using the procedure described in Example 1, except that the end reduction temperature was 375°C.

EXAMPLE 6 - (higher loading in 18t prep-step)

Preparation of inventive Catalyst 6

[0125] A 29.7g Co/0.041 g P¥/100g support catalyst was prepared on a particulate silica modified alumina support using
simultaneous chemisorption-impregnation aqueous slurry phase preparation and drying, followed by direct fluidised bed
calcination in air.

[0126] This preparation was done by means of a single preparation step: The step included chemisorption using cobalt
hydroxide and impregnation using cobalt nitrate.

[0127] In particular, the catalyst was prepared as follows:

Cobalt nitrate solution

[0128] A cobalt nitrate solution was prepared using Co(NO3)2.6HxO and Pt(NH3)4.(NO3)2 resulting in a solution containing
154.49/l Co and 0.213g/l Pt. The pH of the solution was adjusted to 3.2 using nitric acid.

Chemisorption/impregnation

[0129] 40g of silica modified alumina was added to a suspension of 10g of solid particulate cobalt hydroxide in 57g of the cobalt
nitrate solution and 50g of water. Aqueous slurry phase chemisorption was effected for 48 h at 60°C. During this process the pH
of the slurry changed from 6 to 3.5. The resulting slurry of purple solid material in dark red solution was subjected to impregnation
and vacuum according to the details provided in the impregnation and vacuum drying protocol in Example 1. This vacuum dried
treated chemical support or intermediate was directly subjected to a fluidized bed calcination step, according to the following

procedure using a continuous air flow of 1.6 dm3n/min, while increasing the temperature from 25°C to 250°C at 1°C/min and
keeping it at 250°C for 6 h.

[0130] The catalyst precursor (i.e. after the chemisorption, impregnation and calcination) was activated/reduced to obtain the
catalyst by using the procedure described in Example 1, except that the end reduction temperature was 375°C.

EXAMPLE 7 - (on Puralox

Preparation of inventive Catalyst 7

[0131] A21.1 g Co/0.029g Pt/100g (Puralox SCCa) support catalyst was prepared on a particulate Puralox SCCa support using
simultaneous chemisorption-impregnation aqueous slurry phase preparation and drying, followed by direct fluidised bed
calcination in air.

[0132] This preparation was done by means of a single preparation step: The step included chemisorption using cobalt
hydroxide and impregnation using cobalt nitrate.

[0133] In particular, the catalyst was prepared as follows:

13
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Cobalt nitrate solution

[0134] A cobalt nitrate solution was prepared using Co(NO3)2.6H2O and Pt(NH3)4.(NO3)2 resulting in a solution containing
154.4g/l Co and 0.213g/l Pt. The pH of the solution was adjusted to 3.2 using nitric acid.

Chemisorption/impregnation

[0135] 40g of Puralox SCCa was added to a suspension of 4g of solid particulate cobalt hydroxide in 57g of the cobalt nitrate
solution and 50g of water. Aqueous slurry phase chemisorption was effected for 30 min at 60°C. During this process the pH of the
slurry changed from 6 to 3.5. The resulting slurry of purple solid material in dark red solution was subjected to impregnation and
vacuum drying according to the details provided in the impregnation and vacuum drying protocol in Example 1. This vacuum dried
treated catalyst support or intermediate was directly subjected to a fluidized bed calcination step, according to the following

procedure using a continuous air flow of 1.6 dm3n/min, while increasing the temperature from 25°C to 250°C at 1°C/min and
keeping it at 250°C for 6 h.

[0136] The catalyst precursor (i.e. after the chemisorption, impregnation and calcination) was activated/reduced to obtain the
catalyst by using the procedure described in Example 1, except that the end reduction temperature was 375°C.

EXAMPLE 8 -

Preparation of inventive Catalyst 8

[0137] A 14.5g Co/0.020g Pt/100g (modified Puralox SCCa) support catalyst was prepared on a particulate 1.5g Si/100g Puralox
SCCa modified support using simultaneous chemisorption-impregnation aqueous slurry phase preparation and drying, followed
by direct fluidised bed calcination in air.

[0138] This preparation was done by means of a single preparation step: The step included chemisorption using cobalt
hydroxide and impregnation using cobalt nitrate.

[0139] In particular, the catalyst was prepared as follows:

Cobalt nitrate solution

[0140] A cobalt nitrate solution was prepared using Co(N03)2.6H2O and Pt(NH3)4.(NO3)2 resulting in a solution containing
154.4g/l Co and 0.213g/l Pt. The pH of the solution was adjusted to 3.2 using nitric acid.

Chemisorption/impregnation

[0141] 40g of 1.5g Si/100g Puralox SCCa 2/150 modified pre-shaped support was added to a suspension of 4g of solid
particulate cobalt hydroxide in 57g of the cobalt nitrate solution and 50g of water. Aqueous slurry phase

[0142] chemisorption was effected for 30 min at 60°C. During this process the pH of the slurry changed from 6 to 3.5. The
resulting slurry of purple solid material in dark red solution was subjected to impregnation and vacuum drying according to the
details provided in the impregnation and vacuum drying protocol in Example 1. This vacuum dried treated catalyst support or
intermediate was directly subjected to a fluidized bed calcination step, according to the following procedure using a continuous air

flowof 1.6 dm3n/min, while increasing the temperature from 25°C to 250°C at 1°C/min and keeping it at 250°C for 6 h.

[0143] The catalyst precursor (i.e. after the chemisorption, impregnation and calcination) was activated/reduced to obtain the
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catalyst by using the procedure described in Example 1, except that the end reduction temperature was 375°C.

EXAMPLE 9 - (Co(OH)2 and Co(NO3)7 in another ratio)

Preparation of inventive Catalyst 9

[0144] A 21.2g Co/0.029g Pt/100g support catalyst was prepared on a particulate silica modified alumina support using
simultaneous chemisorption-impregnation aqueous slurry phase preparation and drying, followed by direct fluidised bed
calcination in air.

[0145] This preparation was done by means of a single preparation step: The step included chemisorption using cobalt
hydroxide and impregnation using cobalt nitrate.

[0146] In particular, the catalyst was prepared as follows:

Cobalt nitrate solution

[0147] A cobalt nitrate solution was prepared using Co(NO3)2.6HxO and Pt(NH3)4.(NO3)2 resulting in a solution containing
141.29/l Co and 0.5366g/I Pt. The pH of the solution was adjusted to 2.6 using nitric acid.

Chemisorption/impregnation

[0148] 40g of silica modified alumina was added to a suspension of 10g of solid particulate cobalt hydroxide in 26g of the cobalt
nitrate solution and 80g of water. Aqueous slurry phase chemisorption was effected for 3.5 h at 60°C. During this process the pH
of the slurry changed from 6 to 3.5. The resulting slurry of purple solid material in dark red solution was subjected to impregnation
and vacuum drying according to the details provided in the impregnation and vacuum drying protocol in Example 1. This vacuum
dried treated catalyst support or intermediate was directly subjected to a fluidized bed calcination step, according to the following

procedure using a continuous air flow of 1.6 dm3n/min, while increasing the temperature from 25°C to 250°C at 1°C/min and
keeping it at 250°C for 6 h.

[0149] The catalyst precursor (i.e. after the chemisorption, impregnation and calcination) was activated/reduced to obtain the
catalyst by using the procedure described in Example 1, except that the end reduction temperature was 375°C.

EXAMPLE 10 - (Co(OH)7 and Co(NO3)> two consecutive impregnations)

Preparation of inventive Catalyst 10

[0150] A 41.2g Co/0.051g Pt/100g (silica modified alumina) support catalyst was prepared on a particulate silica modified
alumina support using two subsequent steps each consisting of: simultaneous chemisorption-impregnation aqueous slurry phase
preparation and drying, followed by direct fluidised bed calcination in air.

[0151] This preparation was done by means of two subsequent equal preparation steps: each step included chemisorption using
cobalt hydroxide and impregnation using cobalt nitrate.

[0152] In particular, the catalyst was prepared as follows:

Cobalt nitrate solution 1
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[0153] A cobalt nitrate solution was prepared using Co(NO3)2.6HyO and Pt(NH3)4.(NO3)2 resulting in a solution containing
154.49/l Co and 0.213g/l Pt. The pH of the solution was adjusted to 3.2 using nitric acid.

Cobalt nitrate solution 2

[0154] A cobalt nitrate solution was prepared using Co(NO3)2.6HxO and Pt(NH3)4.(NO3)2 resulting in a solution containing
141.2g/l Co and 0.537g/l Pt. The pH of the solution was adjusted to 2.5 using nitric acid.

Chemisorption/impregnation

[0155] In step 1: 40g of silica modified alumina was added to a suspension of 10g of solid particulate cobalt hydroxide in 57g of
the cobalt nitrate solution 1 and 50g of water. Aqueous slurry phase chemisorption was effected for 1 h at 80°C. During this
process the pH of the slurry changed from 6 to 3.5. The resulting slurry of purple solid material in dark red solution was subjected
to impregnation and vacuum drying according to the details provided in the impregnation and vacuum drying protocol in Example
1. This vacuum dried treated catalyst support or intermediate was directly subjected to a fluidized bed calcination step, according
to the following procedure using a continuous air flow of 1.6 dm3n/min, while increasing the temperature from 25°C to 250°C at
1°C/min and keeping it at 250°C for 6 h.

[0156] In step 2: 20g of the ex step 1 material was added to a suspension of 1.6g of solid particulate cobalt hydroxide in 32g of
the cobalt nitrate solution 2 and 30g of water. Aqueous slurry phase chemisorption was effected for 1 h at 80°C. During this
process the pH of the slurry changed from 6 to 3.5. The resulting slurry of black solid material in clear dark red solution was
subjected to impregnation and vacuum drying according to the details provided in the impregnation and vacuum drying protocol in
Example 1. This vacuum dried treated material or intermediate was directly subjected to a fluidized bed calcination step, according

to the following procedure using a continuous air flow of 1.6 dm3n/min, while increasing the temperature from 25°C to 250°C at
1°C/min and keeping it at 250°C for 6 h.

[0157] The catalyst precursor (i.e. after the chemisorption, impregnation and calcination) was activated/reduced to obtain the
catalyst by using the procedure described in Example 1, except that the end reduction temperature was 375°C.

EXAMPLE 11 - (Co(OH) and Co(NO3),)

Preparation of inventive Catalyst 11

[0158] A 26.7g Co/0.070g Pt/100g support catalyst was prepared on a particulate silica modified alumina support using
simultaneous chemisorption-impregnation aqueous slurry phase preparation and drying, followed by direct fluidised bed
calcination in air.

[0159] This preparation was done by means of a single preparation step: The step included chemisorption using cobalt
hydroxide and impregnation using cobalt nitrate.

[0160] In particular, the catalyst was prepared as follows:

Cobalt nitrate solution

[0161] A cobalt nitrate solution was prepared using Co(NO3)2.6HxO and Pt(NH3)4.(NO3)2 resulting in a solution containing
140.2g/l Co and 0.5328g/l Pt. The pH of the solution was adjusted to 2.7 using nitric acid.

Chemisorption/impregnation
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[0162] 40g of silica modified alumina was added to a suspension of 4g of solid particulate cobalt hydroxide in 57g of the cobalt
nitrate solution and 50g of water. Aqueous slurry phase chemisorption was effected for 1 h at 80°C. During this process the pH of
the slurry changed from 6 to 3.5. The resulting slurry of purple solid material in dark red solution was subjected to impregnation
and vacuum drying according to the details provided in the impregnation and vacuum drying protocol in Example 1. This vacuum
dried treated catalyst support or intermediate was directly subjected to a fluidized bed calcination step, according to the following
procedure using a continuous air flow of 1.6 dm3n/min, while increasing the temperature from 25°C to 250°C at 1°C/min and
keeping it at 250°C for 6 h.

[0163] The catalyst precursor (i.e. after the chemisorption, impregnation and calcination) was activated/reduced to obtain the
catalyst by using the procedure described in Example 1, except that the end reduction temperature was 375°C.

EXAMPLE 12 - (Co(OH); and Co(NO3), in two consecutive impregnations)

Preparation of inventive Catalyst 12

[0164] A57.7g Co/0.06g Pt/100g (silica modified alumina) support catalyst was prepared on a particulate silica modified alumina
support using two subsequent steps each consisting of simultaneous chemisorption-impregnation aqueous slurry phase
preparation and drying, followed by direct fluidised bed calcination in air.

[0165] This preparation was done by means of two subsequent equal preparation steps: each step included chemisorption using
cobalt hydroxide and impregnation using cobalt nitrate.

[0166] In particular, the catalyst was prepared as follows:

Cobalt nitrate solution 1

[0167] A cobalt nitrate solution was prepared using Co(NO3)2.6HxO and Pt(NH3)4.(NO3)2 resulting in a solution containing
154.49/l Co and 0.213g/l Pt. The pH of the solution was adjusted to 3.2 using nitric acid.

Cobalt nitrate solution 2

[0168] A cobalt nitrate solution was prepared using Co(NO3)2.6HxO and Pt(NH3)4.(NO3)2 resulting in a solution containing
141.2g/l Co and 0.537g/l Pt. The pH of the solution was adjusted to 2.5 using nitric acid.

Chemisorption/impregnation

[0169] In step 1: 409 of silica modified alumina was added to a suspension of 8g of solid particulate cobalt hydroxide in 57g of
the cobalt nitrate solution 1 and 50g of water. Aqueous slurry phase chemisorption was effected for 1 h at 80°C. During this
process the pH of the slurry changed from 6 to 3.5. The resulting slurry of purple solid material in dark red solution was subjected
to impregnation and vacuum drying according to the details provided in the impregnation and vacuum drying protocol in Example
1. This vacuum dried treated catalyst support intermediate was directly subjected to a fluidized bed calcination step, according to

the following procedure using a continuous air flow of 1.6 dm3n/min, while increasing the temperature from 25°C to 250°C at
1°C/min and keeping it at 250°C for 6 h.

[0170] In step 2: 20g of the exit step 1 material was added to a suspension of 4g of solid particulate cobalt hydroxide in 32g of
the cobalt nitrate solution 2 and 30g of water. Aqueous slurry phase chemisorption was effected for 1 h at 80°C. During this
process the pH of the slurry changes from 6 to 3.5. The resulting slurry of black solid material in clear dark red solution was
subjected to impregnation and vacuum drying according to the details provided in the impregnation and vacuum drying protocol in
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Example 1. This vacuum dried treated material or intermediate was directly subjected to a fluidized bed calcination step, according
to the following procedure using a continuous air flow of 1.6 dm3n/min, while increasing the temperature from 25°C to 250°C at
1°C/min and keeping it at 250°C for 6 h.

[0171] The catalyst precursor (i.e. after the chemisorption, impregnation and calcination) was activated/reduced to obtain the
catalyst by using the procedure described in Example 1, except that the end reduction temperature was 375°C.

EXAMPLE 13-1Ni10H)_2 en Ni(N0_3)_2 simultaneously)

Preparation of inventive Catalyst Precursor 13

[0172] A 30.4g Ni/100g alumina support catalyst precursor was prepared on a particulate Puralox SCC a support using
simultaneous chemisorption-impregnation aqueous slurry phase preparation and drying, followed by direct tubular flow reactor
calcination in air.

[0173] This preparation was done by means of a single preparation step: The step included chemisorption using nickel hydroxide
and impregnation using nickel nitrate.

[0174] In particular, the catalyst precursor was prepared as follows:

Nickel nitrate solution

[0175] A nickel nitrate solution was prepared using Ni(NO3)2.6H2O resulting in a solution containing 140g/l Ni.

Chemisorption/impregnation

[0176] 40g of Puralox SCC a-2/150 was added to a suspension of 8g of solid particulate nickel hydroxide in 63g of the nickel
nitrate solution and 55¢g of water. Aqueous slurry phase chemisorption was effected for 20 h at 80°C. The resulting slurry of blue-
green solid material in green solution was subjected to impregnation and vacuum drying according to the details provided in the
impregnation and vacuum drying protocol in Example 1. This vacuum dried treatment catalyst support or intermediate was directly

subjected to a tubular flow reactor calcination, according to the following procedure using a continuous air flow of 69 dm3n/h,
while increasing the temperature from 25°C to 375°C at 1°C/min and keeping it at 375°C for 6 h.

EXAMPLE 14 - (Co(OH); Co{NO3) and Ni(NO3)> simultaneously)

Preparation of inventive Catalyst 14

[0177] A 19.2g Co/2.5g Ni/0.070g Pt/100g support catalyst was prepared on a particulate silica modified alumina support using
simultaneous chemisorption-impregnation aqueous slurry phase preparation and drying, followed by direct fluidised bed
calcination in air.

[0178] This preparation was done by means of a single preparation step: The step included chemisorption using cobalt
hydroxide and impregnation using cobalt nitrate and nickel nitrate.

[0179] In particular, the catalyst was prepared as follows:

Cobalt nitrate solution
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[0180] A cobalt nitrate solution was prepared using Co(NO3)2.6HyO and Pt(NH3)4.(NO3)2 resulting in a solution containing
140.2g/l Co and 0.5328g/I Pt. The pH of the solution was adjusted to 2.7 using nitric acid.

Nickel nitrate solution

[0181] A nickel nitrate solution was prepared using Ni(NO3)2.6H20 resulting in a solution containing 140g/l Ni

Chemisorption/impregnation

[0182] 40g of silica modified alumina was added to a suspension of 3.2g of solid particulate cobalt hydroxide in 579 of the cobalt
nitrate solution and 7g of the nickel nitrate solution and 50g of water. Aqueous slurry phase chemisorption was effected for 18 h
at 80°C. The resulting slurry of purple solid material in dark red solution was subjected to impregnation and vacuum drying
according to the details provided in the impregnation and vacuum drying protocol in Example 1. This vacuum dried treated
catalyst support or intermediate was directly subjected to a fluidized bed calcination step, according to the following procedure

using a continuous air flow of 1.6 dm3n/min, while increasing the temperature from 25°C to 250°C at 1°C/min and keeping it at
250°C for 6 h.

[0183] The catalyst precursor (i.e. after the chemisorption, impregnation and calcination) was activated/reduced to obtain the
catalyst by using the procedure described in Example 1, except that the end reduction temperature was 375°C.

EXAMPLE 15 - (Co(OH)7 and Ni(OH)7 and Co(NO3)> simultaneously)

Preparation of inventive Catalyst 15

[0184] A 19.2g Co/2.5g Ni/0.070g P¥/100g support catalyst was prepared on a particulate silica modified alumina support using
simultaneous chemisorption-impregnation aqueous slurry phase preparation and drying, followed by direct fluidised bed
calcination in air.

[0185] This preparation was done by means of a single preparation step: The step included chemisorption using cobalt
hydroxide and nickel hydroxide and impregnation using cobalt nitrate.

[0186] In particular, the catalyst was prepared as follows:

Cobalt nitrate solution

[0187] A cobalt nitrate solution was prepared using Co(NO3)2.6HxO and Pt(NH3)4.(NO3)2 resulting in a solution containing
140.2g/l Co and 0.5328g/I Pt. The pH of the solution was adjusted to 2.7 using nitric acid.

Chemisorption/impregnation

[0188] 40g of silica modified alumina was added to a suspension of 3.2g of solid particulate cobalt hydroxide and 1.6g of solid
particulate nickel hydroxide in 57g of the cobalt nitrate solution and 50g of water. Aqueous slurry phase chemisorption was
effected for 18 h at 80°C. The resulting slurry of purple solid material in dark red solution was subjected to impregnation and
vacuum drying according to the details provided in the impregnation and vacuum drying protocol in Example 1. This vacuum dried
treated catalyst support or intermediate was directly subjected to a fluidized bed calcination step, according to the following

procedure using a continuous air flow of 1.6 dm3n/min, while increasing the temperature from 25°C to 250°C at 1°C/min and
keeping it at 250°C for 6 h.
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[0189] The catalyst precursor (i.e. after the chemisorption, impregnation and calcination) was activated/reduced to obtain the
catalyst by using the procedure described in Example 1, except that the end reduction temperature was 375°C.

EXAMPLE 16 - (Co(OH)2 and Mn(OH)2 and Co(NO3)2 simultaneously)

Preparation of inventive Catalyst 16

[0190] A 19.2g Co/4g Mn/0.070g Pt/100g support catalyst was prepared on a particulate silica modified alumina support using
simultaneous chemisorption-impregnation aqueous slurry phase preparation and drying, followed by direct fluidised bed
calcination in air.

[0191] This preparation was done by means of a single preparation step: The step included chemisorption using cobalt
hydroxide and nickel hydroxide and impregnation using cobalt nitrate.

[0192] In particular, the catalyst was prepared as follows:

Cobalt nitrate solution

[0193] A cobalt nitrate solution was prepared using Co(NO3)2.6HxO and Pt(NH3)4.(NO3)2 resulting in a solution containing
140.2g/l Co and 0.5328g/I Pt. The pH of the solution was adjusted to 2.7 using nitric acid.

Chemisorption/impregnation

[0194] 409 of silica modified alumina was added to a suspension of 3.2g of solid particulate cobalt hydroxide and 2.7g of solid
manganese hydroxide in 57g of the cobalt nitrate solution and 50g of water. Aqueous slurry phase chemisorption was effected for
18 h at 80°C. The resulting slurry of purple solid material in dark red solution was subjected to impregnation and vacuum drying
according to the details provided in the impregnation and vacuum drying protocol in Example 1. This vacuum dried treated
catalyst support or intermediate was directly subjected to a fluidized bed calcination step, according to the following procedure
using a continuous air flow of 1.6 dm3n/min, while increasing the temperature from 25°C to 250°C at 1°C/min and keeping it at
250°C for 6 h.

[0195] The catalyst precursor (i.e. after the chemisorption, impregnation and calcination) was activated/reduced to obtain the
catalyst by using the procedure described in Example 1, except that the end reduction temperature was 375°C.

EXAMPLE 17 - (Co(OH)2 en Co(NO3)7 on ZrO2)

Preparation of inventive Catalyst 17

[0196] A 26.6g Co/0.070 Pt/100g zirconium(lV) oxide support catalyst was prepared on a particulate ZrO2 (from Acros Organics
of p.a quality (98% ZrO2)) support using simultaneous chemisorption-impregnation aqueous slurry phase preparation and drying,

followed by direct fluidised bed calcination in air.

[0197] This preparation was done by means of a single preparation step: The step included chemisorption using cobalt
hydroxide and impregnation using cobalt nitrate.

[0198] In particular, the catalyst was prepared as follows:

Cobalt nitrate solution
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[0199] A cobalt nitrate solution was prepared using Co(NO3)2.6HxO and Pt(NH3)4.(NO3)2 resulting in a solution containing
140.2g/l Co and 0.5328g/I Pt. The pH of the solution was adjusted to 2.7 using nitric acid.

Chemisorption/impregnation

[0200] 409 of ZrO2 was added to a suspension of 8g of solid particulate cobalt hydroxide in 57g of the cobalt nitrate solution and

509 of water. Aqueous slurry phase chemisorption was effected for 18 h at 80°C. The resulting slurry of light pink solid material in
red solution was subjected to impregnation and vacuum drying according to the details provided in the impregnation and vacuum
drying protocol in Example 1. This vacuum dried treated catalyst support or intermediate was directly subjected to a fluidized bed

calcination step, according to the following procedure using a continuous air flow of 1.6 dm3n/min, while increasing the
temperature from 25°C to 250°C at 1°C/min and keeping it at 250°C for 6 h.

[0201] The catalyst precursor (i.e. after the chemisorption, impregnation and calcination) was activated/reduced to obtain the
catalyst by using the procedure described in Example 1, except that the end reduction temperature was 375°C.

EXAMPLE 18 - (Cu(OH); en Cu(NOg3); on ZrOj)

Preparation of inventive Catalyst Precursor 18

[0202] A 19g Cu/100g zirconium(lV) oxide support catalyst precursor was prepared on a particulate ZrO2 (from Acros Organics
of p.a quality (98% ZrO2)) support using simultaneous chemisorption-impregnation aqueous slurry phase preparation and drying,
followed by direct fluidised bed calcination in air.

[0203] This preparation was done by means of a single preparation step: The step included chemisorption using copper
hydroxide and impregnation using copper nitrate.

[0204] In particular, the catalyst precursor was prepared as follows:

Copper nitrate solution

[0205] A copper nitrate solution was prepared using Cu(NO3)2.6HyO resulting in a solution containing 140g/I Cu.

Chemisorption/impregnation

[0206] 40g of ZrOo was added to a suspension of 4g of solid particulate copper hydroxide in 63g of a the copper nitrate solution

and 50g of water. Aqueous slurry phase chemisorption was effected for 18 h at 80°C. The resulting slurry of light blue green solid
material in blue solution was subjected to impregnation and vacuum drying.

EXAMPLE 19 - (Co(OH)z en Co(NOE)z - eggshell catalyst)

Preparation of inventive Catalyst Precursor 19

[0207] A 7g Co/0.030 P¥100g support catalyst precursor was prepared on a Al 4505 T1/8 preshaped support using
simultaneous chemisorption-impregnation aqueous slurry phase preparation and drying, followed by direct fluidised bed
calcination in air.
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[0208] This preparation was done by means of a single preparation step: The step included chemisorption using cobalt
hydroxide and impregnation using cobalt nitrate.

[0209] In particular, the catalyst precursor was prepared as follows:

Cobalt nitrate solution

[0210] A cobalt nitrate solution was prepared using Co(NO3)2.6H)O and Pt(NH3)4.(NO3)2 resulting in a solution containing
140.2g/l Co and 0.5328g/l Pt. The pH of the solution was adjusted to 2.7 using nitric acid.

Chemisorption/impregnation

[0211] 40g of Al 4505 T1/8 was added to a suspension of 0.5g of solid particulate cobalt hydroxide in 25g of the cobalt nitrate
solution and 50g water. Aqueous slurry phase chemisorption was effected for 18 h at 80°C. The resulting slurry of pink purple
colored tablets in dark red clear solution was subjected to impregnation and vacuum drying according to the details provided in
the impregnation and vacuum drying protocol in Example 1. This vacuum dried treated catalyst support or intermediate was

directly subjected to a fixed bed calcination step, according to the following procedure using a continuous air flow of 1.6 dm3n/min,
while increasing the temperature from 25°C to 250°C at 1°C/min and keeping it at 250°C for 6 h.

EXAMPLE 20 - Co(OH[_z and Co{NO_3)_2 in succession as for Example 3 but using less platinum

Preparation of comparative Catalyst 20

[0212] A 20g Co/0.035g Pt/100g support slurry phase catalyst was prepared on a particulate silica modified alumina support
using sequential chemisorption-impregnation aqueous slurry phase preparation and drying, followed by direct fluidised bed
calcination in air.

[0213] This preparation was done by means of two preparation steps: The first preparation step included chemisorption using
cobalt hydroxide, while the second preparation step included impregnation using cobalt nitrate.

[0214] In particular, the catalyst was prepared as follows:

Cobalt nitrate solution

[0215] A cobalt nitrate solution was prepared using Co(NO3)2.6HxO and Pt(NH3)4.(NO3)2 resulting in a solution containing
140.2g/l Co and 0.2664g/I Pt. The pH of the solution was adjusted to 2.7 using nitric acid.

Chemisorption/impregnation

[0216] 40g of silica modified alumina was added to a suspension of 3.2g of particulate cobalt hydroxide in 90ml of water. The
resulting slurry had a pH of 7.5. Aqueous slurry phase chemisorption was effected for 18 h at 80°C. During this process the pH
slowly decreased to 5. The water layer was decanted from the mixture, and after three washings with water, the purple colored
product was dried at 40 mbar and 80°C.

[0217] The resultant treated catalyst support or intermediate material from chemisorption was subjected to the following
cobalt/platinum impregnation and calcination step:

30.0g ex chemisorbed material and 47.7ml of the cobalt nitrate solution were subjected to aqueous slurry phase impregnation and
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vacuum drying according to the details provided in the impregnation and vacuum drying protocol in Example 1. This vacuum dried
intermediate was directly subjected to a fluidized bed calcination step, according to the following procedure using a continuous air

flowof 1.6 dm3n/min, while increasing the temperature from 25°C to 250°C at 1°C/min and keeping it at 250°C for 6 h.

[0218] The catalyst precursor (i.e. after the chemisorption, impregnation and calcination) was activated/reduced to obtain the
catalyst by using the procedure described in Example 1, except that the end reduction temperature was 375°C.

EXAMPLE 21 - Co(OH); and Co(NO3)7 in succession, no platinum

Preparation of comparative Catalyst 21

[0219] A 20g Co/100g support catalyst was prepared on a particulate silica modified alumina support using sequential
chemisorption-impregnation aqueous slurry phase preparation and drying, followed by direct fluidised bed calcination in air.

[0220] This preparation was done by means of two preparation steps: The first preparation step included chemisorption using
cobalt hydroxide, while the second preparation step included impregnation using cobalt nitrate.

[0221] In particular, the catalyst was prepared as follows:

Cobalt nitrate solution

[0222] A cobalt nitrate solution was prepared using Co(NO 3)2.6H20 resulting in a solution containing 140.2g/| Co. The pH of the
solution was adjusted to 2.7 using nitric acid.

Chemisorption/impregnation

[0223] 40g of silica modified alumina was added to a suspension of 3.2g of particulate cobalt hydroxide in 90ml of water. The
resulting slurry had a pH of 7.5. Aqueous slurry phase chemisorption was effected for 18 h at 80°C. During this process the pH
slowly decreased to 5. The water layer was decanted from the mixture, and after three washings with water, the purple colored
product was dried at 40 mbar and 80°C.

[0224] The treated catalyst support or intermediate material from chemisorption was subjected to the following cobalt/platinum
impregnation and calcination step:

30.0g ex chemisorbed material and 47.7ml of the cobalt nitrate solution were subjected to aqueous slurry phase impregnation and
vacuum drying according to the details provided in the impregnation and vacuum drying protocol in Example 1. This vacuum dried
intermediate was directly subjected to a fluidized bed calcination step, according to the following procedure using a continuous air

flowof 1.6 dm3n/min, while increasing the temperature from 25°C to 250°C at 1°C/min and keeping it at 250°C for 6 h.

[0225] The catalyst precursor (i.e. after the chemisorption, impregnation and calcination) was activated/reduced to obtain the
catalyst by using the procedure described in Example 1, except that the end reduction temperature was 375°C.

EXAMPLE 22 -

Characterisation of catalyst precursors versus comparative catalyst 1
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[0226] Catalysts 1, 4, 5, 10, 12, 14 and 15 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 217 bar
Catalyst inventory :ca.10g
(Hp + CO) conversion :50-65 %
Ho:CO inlet ratio :1.6:1
Argon internal standard :15vol. %

[0227] As all FT conditions were the same, the relative FT activity was determined by calculating the FT activity of each catalyst
as mole CO converted/g catalysts and made relative to comparative catalyst 1 (see Table 1).

[0228] Catalyst 4, as prepared in accordance with the invention using cobalt hydroxide for the chemisorption and cobalt nitrate
for the impregnation, had a relatively 19 % lower cobalt loading and showed an activity comparable to catalyst 1, which was
prepared by using cobalt nitrate in two successive impregnation steps, under the reaction conditions as described above.

[0229] Catalyst 5, as prepared in accordance with the invention using cobalt hydroxide for the chemisorption and cobalt nitrate
for the impregnation, had a relatively 15 % higher cobalt loading and showed an activity of 34 % higher than catalyst 1, which was
prepared by using cobalt nitrate in two successive impregnation steps, under the reaction conditions as described above.

[0230] Catalyst 10, as prepared in accordance with the invention using cobalt hydroxide for the chemisorption and cobalt nitrate
for the impregnation but in a different ratio compared to the previous examples comprising a higher Co(OH)2 loading. At an
overall cobalt content of 29.2 % (m/m) (i.e. a 46% higher cobalt loading), this catalyst showed an activity of 52 % higher than
comparative catalyst 1, under the reaction conditions as described above.

[0231] Catalyst 12, as prepared in accordance with the invention using a sequence of two repetitive preparation steps using
cobalt hydroxide for the chemisorption and cobalt nitrate for the impregnation resulting in a high cobalt loading (36.6 % (m/m); i.e.
a 83% higher cobalt loading) and showed an activity of 17 % higher than catalyst 1, which was prepared by using cobalt nitrate in
two successive impregnation steps, under the reaction conditions as described above.

[0232] Catalysts 2 to 11 and 13 to 16, as prepared showed a higher dispersion of smaller cobalt crystallites compared to the
conventionally prepared cobalt nitrate-only impregnated catalyst 1. This improved dispersion is demonstrated by the XRD
crystallite size, as shown in Table 1. In addition, these catalysts had improved cobalt surface areas as demonstrated by
comparing the Hydrogen Adsorption Capacity (HAC) data (see also Table 1).The HAC values are derived from the quantity of
hydrogen (in ml/g of supported catalyst) to be adsorbed after reduction of the cobalt. The experiment is performed in three
stages: 1) reduction of the cobalt, 2) saturation of the reduced catalyst with hydrogen and 3) desorption of the hydrogen under
an inert atmosphere from -75°C to 350°C.

TABLE 1: Cobalt/metal content. cobalt/metal oxide crystallite size. and relative Fischer-Tropsch (FT) activity for catalysts 1 to 21

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

1 (comp) 20 15 3.6 100

2 (comp) 5 14.2

3 (comp) 16.7 135 4.2

4 16.2 10.6 4.1 100

5 229 10.9 4.8 134

6 174 10.6 4

7 17.7 10.9 43

8 17.5 9.0 3.7

9 17.3 10.8 43

10 29.2 14.9 6.5 152

11 211 11.6 5.1
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Catalyst Metal content priorto  {XRD crystallite size of oxide Hydrogen adsorption Relative FT
reduction [m%] precursor prior to reduction [nm] §jcapacity [ml/g] activity

12 36.6 17.6 6.6 117

13 23.3 (Ni) 10-12 7.8

14 16.7(+2.4 Ni) 10.7 4.5 75

15 16.7(+1.9 Ni) 10.6 4.8 61

16 16.7(+1.5Mn) 10.2 4

17 26.6 3.3

18 16.7 (Cu)

19 7 1.9

20 (comp) 16.5

21 (comp) 16.5

[0233] The average cobalt oxide crystallite size determined by means of XRD, for comparative catalyst 1, was 15 nm, while the
average cobalt oxide crystallite size determined for catalysts 4 to 9 (i.e. according to the invention) were significantly smaller,
around 10-11 nm.

EXAMPLE 23 -

Evidence of reaction between Co(OH)s slurry and support

[0234] The reaction of a metal hydroxide slurry with a support is a surprising feature. For that reason the invention is supported
with the images and data gathered in this example. In Figure 1, it can be seen the images of a Co(OH)2 slurry in water containing

silica modified alumina support prior (left) and after mixing at 80°C.

[0235] The images at the top represent a mixture without Co(NO3)2. It was observed that the reaction between the Co(OH)2 and

the silica modified alumina was completed in 18 h at this temperature, resulting in a light purple solid with a clear water layer on
top.

[0236] The images at the bottom represent a mixture of Co(OH)2, the silica modified alumina and soluble Co(NO3)2. In that case
the reaction between Co(OH)2 and the support is completed within 4 min, resulting in a purple solid having a clear, dark red liquid

layer(due to the presence of cobalt nitrate) on top.

[0237] A sample of the mixture containing the Co(NO3)2 on top of the dark purple solid, ex-cobalt hydroxide on the support, is

again depicted in Figure 2 (picture on the left). When this is washed with three portions of water, the dark purple material, ex-
cobalt hydroxide, remains attached to the support and the washings are clear and colorless (picture to the right).

[0238] Further proof is given on the basis of reduction profiles recorded using the Temperature Programmed Reduction
technique. Figure 3 shows the TPR data of a physical mixture of Co(OH)2 and silica modified alumina (dashed line) vs

chemisorbed Co(OH)» on silica modified alumina (solid line). In a physical mixture of 10% Co(OH)2 and 90 % alumina support, the
cobalt is typically reduced to Co(O) at 260°C (Figure 3, dashed line). The product of the reaction of Co(OH)2 from a slurry with

alumina is clearly showing a different reduction profile (solid line). A broad hump ranging from 400 to 750°C (solid line) is an
indication that this reduction to Co(O) originates from cobalt species having a strong interaction with the alumina support.

[0239] Additionally, Co(OH)2 was chemisorbed onto alumina tablets according the same technique. A mixture of Co(OH) 2 and
alumina tablets in water resulted in an egg shell distribution of the cobalt precursor on the tablets. In Figure 4, the left image
shows the resulting coated tablets. The middle image in Figure 4 shows the resulting product in water and that the cobalt remains
completely on the tablets. The image to the right in figure 4 shows the separate stages of cobalt loading of tablets that have been
cut in parts; the bottom row shows tablets after both chemisorption and impregnation (distribution throughout whole tablet), the
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middle row shows the tablets after chemisorption only (egg shell distribution) and the top row shows unloaded tablets as a

reference.

[0240] It will be appreciated by those skilled in the art that the invention discloses a commercially viable method enabling a
straightforward and cheap preparation sequence of metal deposition to a support that allows for a good dispersion at high loading
on a mechanical robust support. Compared to the state of art, disadvantages can be avoided such as excessive washing

procedures (no salts need to be removed).
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Patentkrav

1.  Fremgangsméade til fremstilling af en katalysatorpraekursor, hvilken
fremgangsmade omfatter

dannelse af en opslaemning af partikler af et uoplaseligt uorganisk metalsalt,
partikler og/eller ét eller flere legemer af en for-formet katalysatorbeerer i en bae-
reveeske, og et oplgseligt metalsalt oplost i baerevaesken, hvor metallerne i det
uoplgselige uorganiske metalsalt og det oplgselige metalsalt er de samme, og
hvor metallet er en aktiv katalysatorbestanddel, idet partiklerne af det uoplgse-
lige uorganiske metalsalt saledes bringes i kontakt med partiklerne og/eller det
ene eller de flere legemer af den for-formede katalysatorbaerer, og idet den for-
formede katalysatorbeerer saledes bringes i kontakt mindst én gang med det
oplgselige metalsalt, til fremstilling af en behandlet katalysatorbaerer; og
fiernelse af baereveeske fra opslaeemningen til opnéelse af en tarret behandlet
katalysatorbaerer, som enten direkte udger katalysatorpraekursoren eller even-

tuelt kalcineres til opnéelse af katalysatorpraekursoren.

2. Fremgangsmade ifglge krav 1, ved hvilken kontakten mellem partiklerne af
det uoplgselige uorganiske metalsalt og partiklerne og/eller det ene eller de fle-
re legemer af den for-formede katalysatorbaerer udfares i mindst ét minut.

3. Fremgangsmaéde ifglge krav 1 eller krav 2, ved hvilken den for-formede ka-
talysatorbaerer er porgs og er valgt fra gruppen bestdende af en monolit, tablet-
ter, formede artefakter, ekstrudater, kugler og kombinationer af to eller flere af

disse.

4. Fremgangsméde ifalge ethvert af kravene 1 til 3 inklusive, ved hvilken den
for-formede katalysatorbaerer er valgt fra gruppen bestaende af aluminiumoxid,
siliciumdioxid, titaniumoxid, zirconiumoxid, magnesiumoxid, zinkoxid, aktiveret

carbon, molekylsigter, zeolitter og kombinationer af to eller flere af disse.

5. Fremgangsmade ifalge ethvert af kravene 1 til 4 inklusive, ved hvilken me-

tallet i det uoplgselige uorganiske metalsalt og det oploselige metalsalt er valgt
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fra gruppen bestdende af of cobalt, nikkel, mangan, jern, kobber, ruthenium,
molybden, zink og kombinationer af to eller flere af disse.

6. Fremgangsmade ifglge krav 5, ved hvilken det uoploselige uorganiske me-
talsalt er Co(OH),, og/eller ved hvilken det oploselige metalsalt er Co(NO3).6-
H20.

7. Fremgangsmade ifolge ethvert af kravene 1 til 5 inklusive, ved hvilken der
anvendes partikler af den for-formede katalysatorbaerer, og ved hvilken dannel-
sen af opslaeemningen omfatter dannelse af en oplesning af det oplgselige me-
talsalt i beerevaesken, suspendering af de uoploselige uorganiske metalsaltpar-
tikler i baerevaesken til dannelse af en suspension, og tilseetning af partiklerne af
den for-formede katalysatorbzerer til baerevaesken for og/eller under og/eller ef-
ter dannelsen af suspensionen, til dannelse af opsleemningen, idet metallet i det
uoplgselige uorganiske metalsalt afseettes pa baererpartiklerne, og metallet i det

oploselige metalsalt afsaettes i og/eller pa baererpartiklerne.

8. Fremgangsméade ifolge krav 1, ved hvilken katalysatorpraekursoren inde-
holder metal i en maengde pa mellem 5 masse-% og 90 masse-%, beregnet pa
den totale preekursormasse.

9. Fremgangsmade ifglge krav 1, ved hvilken katalysatorpraekursoren er i det
vaesentlige fri for udskiftelige ioner.

10. Fremgangsmade ifolge krav 1, ved hvilken katalysatorpraekursoren er en

Fischer-Tropsch-syntese-katalysatorpraekursor.

11. Fremgangsméade ifolge krav 1, ved hvilken katalysatorpraekursoren er en

hydrogenerings-katalysatorpraekursor.

12. Fremgangsmade til fremstilling af en katalysator, hvilken fremgangsmade

omfatter fremstilling af en katalysatorpreekursor under anvendelse af frem-
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gangsmaden ifolge ethvert af kravene 1 til 11 inklusive, og reduktion af den sé-
ledes fremstillede katalysatorpreekursor til opnaelse af en katalysator.

13. Carbonhydridsynteseproces, der omfatter fremstilling af en katalysator un-
der anvendelse af fremgangsmaden ifelge krav 12, og kontakt mellem hydrogen
og carbonmonoxid ved en temperatur over 100°C og et tryk pa mindst 10 bar
med den saledes fremstillede katalysator, til fremstilling af carbonhydrider og

eventuelt oxygenater af carbonhydrider.

14. Fremgangsmade ifalge krav 13, der en opsleemningslag-Fischer-Tropsch-

proces til fremstilling af et voksprodukt.

15. Fremgangsmade ifolge krav 13 eller krav 14, der omfatter et hydrogene-
ringstrin til omdannelse af carbonhydriderne og eventuelt oxygenaterne til fly-

dende breendstoffer og/eller kemikalier.

16. Hydrogeneringsproces, der omfatter fremstilling af en katalysator under an-
vendelse af fremgangsmaden ifalge krav 12 og kontakt mellem hydrogen og en
organisk forbindelse med den saledes fremstillede katalysator til hydrogenering
af den organiske forbindelse.
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