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Description

FIELD OF THE INVENTION

[0001] THIS INVENTION relates to catalysts. It relates in particular to a process
for preparing a catalyst precursor, and to a process for preparing a catalyst,
which catalyst can be used, for instance, in hydrocarbon synthesis (including

Fischer- Tropsch (FT)) and hydrogenation reactions.

BACKGROUND ART

[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] In particular, the Applicants are aware that, as described in EP 0736326
B1, cobalt impregnated alumina based Fischer-Tropsch synthesis catalysts can,
for example, be synthesized by means of aqueous slurry phase impregnation of
a cobalt salt, for example cobalt nitrate hexahydrate, onto an alumina support,
coupled with drying of the impregnated support, followed by direct fluidized bed
calcination of the resultant impregnated support, to obtain a catalyst precursor,
and then reducing the precursor to obtain the Fischer-Tropsch synthesis cata-
lysts. The catalysts contain cobalt dispersed on the support. Sufficiently high
cobalt loadings to provide a desired high degree of catalyst activity can readily
be obtained by means of the cobalt salt impregnation, by repeating, if neces-

sary, the cobalt salt impregnation step.

[0004] It has been reported that the use of organic metal compounds or organic
additives during the impregnation could assist in increasing the catalyst activity

of supported metal catalysts. For example, US 5856260 teaches that using mix-
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tures of polyols and metal salts during impregnation results in improved catalyst
performance.

[0005] Van de Loosdrecht et.al. (Applied Catalysis A:General, Volume 150,
Number 2, 13 March 1997, pp 365-376(12)) reported that the preparation of low
loading cobalt catalysts (2.5% Co) by impregnation using Co-EDTA (ethylenedi-
aminetetraacetic acid) or ammonium cobalt citrate resulted initially in the forma-
tion of very small cobalt oxide particles. These small oxide particles reacted du-
ring thermal treatment in a reducing gas flow with the alumina support to form
cobalt aluminate, which was inactive in Fischer-Tropsch synthesis. Higher loa-
ding catalysts (5% Co) prepared by a 2 step impregnation process using ammo-
nium cobalt citrate in both steps resulted in a larger cobalt oxide particle size
and higher reducibility, culminating in a reasonable activity, but still lower com-
pared to a reference catalyst prepared from impregnation with cobalt nitrate on-

ly and having similar cobalt loading.

[0006] The use of organic impregnation compounds tends to result in low metal
loadings due to limited solubility and high viscosity of the impregnation solution.
For many catalytic reactions, the low loadings of metal do not provide sufficient-
ly high activity, due to, amongst other reasons, the low reducibility of such cata-
lysts.

[0007] Kraum and Baern (Applied Catalysis A:General 186 (1999)189-200) de-
scribe studies of the performance of titania supported catalysts containing 12%
cobalt, prepared by multiple impregnations with various organic cobalt com-
pounds, including cobalt(lll)acetyl acetonate, cobalt acetate, cobalt oxalate and
cobalt -EDTA. The multiple impregnations were performed for each particular
catalyst using only a single organic cobalt compound. In this study, sufficiently
high metal loadings were only achieved by performing multiple impregnation
cycles, thereby compensating for the low solubility of the organic cobalt com-
pounds. However, having to use multiple impregnation cycles for the prepara-

tion of a catalyst can be economically unattractive.
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[0008] US 6822008B2 teaches the use of two different metal precursors loaded
separately on to a suitable support, in such manner that the first loaded portion
of metal is more easily reduced, than the second loaded portion of metal. For
example, cobalt nitrate hexahydrate is loaded first, whereafter cobalt acetate is
loaded on to the support. The second cobalt precursor can thus be an organic

cobalt salt such as cobalt acetate.

[0009] SUN S ET AL ("Active Co/SiO2 Catalysts Prepared from Mixing Precur-
sors for Slurry Phase Fischer-Tropsch Synthesis", CHEMISTRY LETTERS, vol.
28, no. 4, 1999, pages 343-344) disclose silica supported catalysts and their
precursors prepared with various cobalt compounds, including cobalt nitrate,
cobalt acetate, cobalt chloride, and combinations of cobalt nitrate and cobalt
acetate. Catalysts made by reducing a precursor made in turn by sequentially
impregnating cobalt acetate and cobalt nitrate were inter alia studied. In each
case the catalyst precursors were prepared by incipient wetness, drying in air at
120 °C and then calcining at 450 °C. After calcination, the precursors were re-
duced in flowing hydrogen at 400 °C.

[0010] WOO01/76734 A discloses FT catalysts with homogeneous cobalt distri-
bution, made by two or more sequential impregnations. The first is always an a-
hydroxy organic acid (preferably citric), followed by the metal impregnation with
cobalt compound (preferably Co(ll) nitrate hexahydrate) and preferably a pro-
moter (Pd, Pt), ramped heating to 240 °C and holding there under flowing air,
which metal impregnation and calcination sequence is preferably redone. The

so-made precursors are then reduced with hydrogen at 300 °C.

[0011] It is thus an object of the present invention to provide a catalyst precur-
sor and/or a catalyst with which some of the disadvantages described above

are overcome or at least reduced.
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DISCLOSURE OF THE INVENTION

[0012] Thus, according to a first aspect of the invention there is provided a pro-
cess for preparing a catalyst precursor, as defined in claim 1.

[0013] In a preferred embodiment of the invention, the impregnated intermedia-
te of the first preparation step is at least partially dried prior to the calcination
thereof. Preferably, the impregnated support of the second preparation step is
also at least partially dried prior to the calcination thereof. It will be appreciated
that the partial drying will usually take place where the impregnation is slurry

phase impregnation.

[0014] The invention is thus characterized thereby that the impregnation is
strictly carried out using the sequence of impregnation first with the organic co-
balt compound and thereafter, after the calcining of the impregnated intermedia-
te, impregnation with the inorganic cobalt salt. Preferably, none of the inorganic
cobalt salt used in the second preparation step is present during the first im-
pregnation step. Preferably, none of the organic cobalt compound of the first

preparation step is present during the second preparation step.

[0015] The present invention thus provides a process for preparing a cobalt
based catalyst precursor from which is obtained a catalyst which may have in-
creased activity. Surprisingly, it was found that after having effected an initial or
first preparation step involving an impregnation using an organic cobalt com-
pound such as ammonium cobalt citrate, if in a next or second preparation step
cobalt is impregnated using an inorganic cobalt salt such as cobalt nitrate, a
high cobalt dispersion is usually obtained and at the same time, a high loading
of cobalt may be achieved, usually with an increased catalyst activity compared
to the standard manner of preparing such catalysts using only inorganic cobalt
salts in two sequential impregnation steps. This increased catalyst activity is
achieved at a cobalt loading which is similar to, or even lower than, catalysts
prepared using the standard manner of impregnation with inorganic cobalt salts

in two sequential impregnation steps. Since the intermediate obtained after the
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first preparation or impregnation step only contains an organic cobalt compound
and not the usual nitrate, the exothermic decomposition of this compound can
be very well controlled.

[0016] It is believed that the increased catalyst activity may be due to the fact
that after the first impregnation with the organic cobalt precursor, a high cobalt
dispersion is usually obtained with a limited reducibility, while after the second
impregnation with the inorganic cobalt salt, the high dispersion is surprisingly
maintained, but the reducibility and cobalt loading are increased, resulting in a
catalyst with better dispersion and similar loading and reducibility compared to
catalysts prepared using the standard manner of impregnation with inorganic
cobalt salts in two sequential impregnation steps. It is thus believed that the
higher cobalt dispersion while having the correct cobalt loading and reducibility,

has resulted in an increased catalyst activity.

[0017] In this specification, the term "organic cobalt compound" means a com-
pound wherein at least one cobalt atom is associated with at least one organic
group by means of a bond, for instance, by means of a covalent bond, a cobalt-
to-ligand coordination or an ionic interaction. Preferably, the cobalt atom is as-
sociated to at least one non-carbon atom of the at least one organic group, in
particular to an oxygen atom of the organic group. The organic cobalt com-
pound may also include one or more inorganic groups bound to the metal. Pre-

ferably, the one or more inorganic groups are cationic groups.

[0018] In this specification, the term "inorganic cobalt salt" means a salt wherein
at least one metal atom is only associated with one or more inorganic groups,
which association is by means of a bond, for instance, by means of a covalent

bond, a cobalt-to-ligand coordination or an ionic interaction.

[0019] The process may include, in the first preparation step, repeating, at least
once, the impregnation with the organic cobalt compound. Preferably, also the
at least partial drying of the impregnated intermediate is then repeated, that is,

when at least partial drying is carried out. Preferably, also the calcination of the
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impregnated intermediate is then also repeated. In this fashion, a higher cobalt
loading in the calcined intermediate, is obtained.

[0020] Likewise, the process may include, in the second preparation step, re-
peating, at least once, the impregnation with the inorganic cobalt salt. Prefer-
ably, also the at least partial drying of the impregnated support is then repeated,
that is, when at least partial drying is carried out. Preferably, also the calcination
of the impregnated support is then repeated. In this fashion, a higher cobalt

loading in the catalyst precursor, is obtained.

[0021] Thus, in one embodiment of the invention, the first preparation step may
comprise a first impregnation with the organic cobalt compound, at least partial
drying (optional) and calcination, as hereinbefore described, followed by a se-
cond impregnation with the organic cobalt compound, at least partial drying (op-
tional), and calcination, as hereinbefore described; the second preparation step
may then comprise a single impregnation with the inorganic cobalt salt, at least

partial drying (optional), and calcination, as hereinbefore described.

[0022] However, in another embodiment of the invention, the first preparation
stage may comprise a single impregnation with the organic cobalt compound, at
least partial drying (optional) and calcination, as hereinbefore described; the
second preparation step may then comprise a first impregnation with the inor-
ganic cobalt salt, at least partial drying (optional), and calcination, as hereinbe-
fore described, followed by a second impregnation with the inorganic cobalt salt,

at least partial drying (optional), and calcination, as hereinbefore described.

[0023] In a first embodiment of the invention, the catalyst precursor may be a
hydrocarbon synthesis catalyst precursor. Preferably, it may then be a Fischer-
Tropsch synthesis catalyst precursor. More preferably, it may then be a slurry

phase Fischer-Tropsch synthesis catalyst precursor.

[0024] It was found that when a cobalt-based Fischer-Tropsch synthesis cata-

lyst precursor as set out above is converted to a Fischer-Tropsch synthesis ca-
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talyst by means of reduction, the catalyst has a high and stable Fischer-Tropsch
activity. Furthermore, it was surprisingly found that by using the two-step prepa-
ration 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 ob-

tained, resulting in a catalyst with improved Fischer-Tropsch synthesis activity.

[0025] The inorganic cobalt salt of the second preparation step may, at least in
principle, be any inorganic cobalt salt; however, cobalt nitrate, and in particular,
Co(NOs),.6H0, is preferred.

[0026] Preferably the inorganic cobalt salt is at least partly dissolved in the car-
rier liquid. The carrier liquid may thus be any suitable liquid solvent. Preferably,

however, it is water.

[0027] Likewise, the organic cobalt compound of the first preparation step is
preferably at least partly dissolved in the carrier liquid. The carrier liquid may be
any suitable liquid solvent. Preferably, however, it is water.

[0028] The organic cobalt compound may be that obtained by reacting a cobalt
compound such as cobalt hydroxide, with an organic acid, optionally in the pre-
sence of at least one counterion source.

[0029] The cobalt compound preferably is a cobalt basic compound.

[0030] The counterion source, when present, is preferably an inorganic source,
and preferably it is a source of one or more cations. In one embodiment of the
invention, the counterion source may be ammonia.

[0031] The organic cobalt compound can be formed in situ. Thus, the cobalt
compound, e.g. cobalt hydroxide, can be dissolved in a solution of the organic

acid in water.

[0032] The organic acid may be a carboxylic acid such as citric acid (CsHgO7),
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succinic acid (C4HsO4), oxalic acid (C2H204), acetic acid (C2H402), gluconic acid
(CsH1207) or EDTA, i.e. ethylenediaminetetraacetic acid. Preferably, the organic
acid is citric acid.

[0033] In the organic cobalt compound solution, the molar ratio of cobalt to or-
ganic 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] In preferred embodiments of the invention, the organic cobalt compound
of the first preparation step may be cobalt ammonium citrate or cobalt ammo-
nium EDTA.

[0035] Instead, the organic cobalt compound of the first preparation step may

be that obtained by reaction of a cobalt compound with acetylacetone (CsHgO2).

[0036] The catalyst support may be a particulate porous support.

[0037] The catalyst support may comprise a catalyst support basis and optio-
nally one or more modifying components. The catalyst support basis may be se-
lected from the group consisting of alumina in the form of one or more alumi-
nium oxides; silica (SiOy); titania (TiO2); magnesia (MgO); and zinc oxide (ZnO);
and mixtures thereof. Preferably the support basis is selected from the group
consisting of alumina in the form of one or more aluminium oxides; titania (TiO2)
and silica (SiOy). Typically, the support basis is alumina in the form of one or
more aluminium oxides. The one or more aluminium oxides may be selected
from the group including (preferably consisting of) gamma alumina, delta alumi-
na, theta alumina and a mixture of two or more thereof. Preferably the group in-
cludes, or, preferably, consists of gamma alumina, delta alumina and a mixture
of gamma alumina and delta alumina. The aluminium oxide catalyst support
may be that obtainable under the trademark Puralox, preferably Puralox SCCa
2/150 from SASOL Germany GmbH. Puralox SCCa 2/150 (trademark) is a
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spray-dried aluminium oxide support consisting of a mixture of gamma and del-

ta aluminium oxide.

[0038] The aluminium oxide is preferably a crystalline compound which can be
described by the formula Al,O3.xH20O where 0 < x < 1. The term aluminium oxi-
de thus excludes AI(OH)s, and AIO(OH), but includes compounds such as gam-

ma, delta and theta alumina.

[0039] Preferably, the catalyst support includes one or more modifying compo-
nents. This is particularly the case where the support basis is soluble in a neu-
tral and/or an acidic aqueous solution, or where the support basis is susceptible
to hydrothermal attack as described below.

[0040] The modifying component may comprise a component that results in one
or more of the following:
(i) decreases the dissolution of the catalyst support in an aqueous environ-
ment,
(i) suppresses the susceptibility of the catalyst support to hydrothermal at-
tack (especially during Fischer-Tropsch synthesis);
(iii) increases the pore volume of the catalyst support;
(iv) increases the strength and/or attrition and/or abrasion resistance of the

catalyst support.

[0041] In a preferred embodiment of the invention, the modifying component
decreases the dissolution of the catalyst support in an aqueous environment,
i.e. increases the inertness of the catalyst support towards dissolution in an
aqueous environment and/or suppresses the susceptibility of the catalyst sup-
port 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
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synthesis, especially Fischer-Tropsch synthesis, due to exposure to high tem-
perature and water.

[0042] 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 nanome-

ter.

[0043] The modifying component may include or consist of Si, Zr, Co, Ti, Cu,
Zn, Mn, Ba, Ni, Na, K, Ca, Sn, Cr, Fe, Li, Ti, Sr, Ga, Sb, V, Hf, Th, Ce, Ge, U,
Nb, Ta, W, La and mixtures of two or more thereof.

[0044] The modifying component may, more particularly, be selected from the
group consisting of Si; Zr; Cu; Zn; Mn; Ba; La; W; Ni and mixtures of one or
more thereof. Preferably the modifying component is selected from the group
consisting of Si and Zr. In a preferred embodiment of the invention the modify-

ing component is Si.

[0045] When the modifying component is Si, the silicon level in the resultant
catalyst support is at least 0.06 Si atoms per square nanometer of the catalyst
support, preferably at least 0.13 Si atoms pre square nanometer of the catalyst
support, and more preferably at least 0.26 Si atoms per square nanometer of
the catalyst support.

[0046] Preferably, the upper level is 2.8 Si atoms/nm? of the catalyst support.

[0047] In one embodiment of the invention, a catalyst support in the form of one
or more aluminium oxides or a silica modified aluminium oxide is preferred over
supports such as silica and titania, since it is believed that these supports pro-
vide 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 in-

clude La. It is believed tha La improves attrition resistance.

[0048] In another embodiment of the invention, a catalyst support in the form of
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one or more aluminium oxides or a silica modified aluminium oxide may include
titanium, preferably in an amount, expressed as elemental titanium, of at least
500 ppm by weight, preferably from about 1000 ppm to about 2000 ppm by
weight. It is believed that the addition of the titanium increases the activity of a
catalyst formed from such a support, especially in the case of a cobalt FT cata-
lyst, particularly when no noble metal promoters and preferably no Re or Te
promoters are present in the catalyst. Preferably, the titanium is included in the
internal structure of the support and, preferably, no titanium is present as a de-
posit on the support. It is believed that the presence of this titanium in the sup-
port also improves the attrition resistance of a catalyst which includes such a
support.

[0049] In yet another embodiment of the invention, the catalyst support may be
in the form of porous particles coated with carbon. In an alternative embodiment
of the invention, the porous particles may, however, be free of such a carbon

coating.

[0050] The catalyst support may be modified by introducing a modifying com-
ponent precursor which includes a modifying component as described here-

inabove onto and/or into a catalyst support material.

[0051] When present, the drying during the first and/or the second preparation
steps, preferably during both preparation steps, may be carried out under condi-
tions at which the inorganic cobalt salt and the organic cobalt compound will not
readily decompose. Preferably, the drying during the first and/or second prepa-
ration steps is carried out at above 25°C and preferably at sub-atmospheric

pressure.

[0052] The impregnation and, preferably, also the drying during the first prepa-
ration step may be effected at above 25°C and preferably at sub-atmospheric
pressure. Sufficient of a mixture of the organic cobalt compound in the carrier
liquid, which is preferably water as hereinbefore indicated, may be used so that

the volume of the mixture exceeds the pore volume of the support, typically by
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about 30%. After contacting the support with the organic cobalt salt and carrier
liquid mixture, the wet impregnated support may be slowly dried at sub-atmos-
pheric pressure to a temperature in the range 40 to 120°C, typically about
100°C, with the final pressure typically being in the range 50 to 120 mbar(a),
typically about 80 mbar(a).

[0053] In the first preparation step, the impregnation may be effected by slurry
phase impregnation using a slurry made up of the support and a solution of the
organic cobalt compound. Preferably, the solution of the organic cobalt com-

pound is an aqueous solution.

[0054] During the second preparation step, the particulate calcined intermediate
of the first preparation step, may be subjected to slurry phase impregnation with
a slurry made up of the calcined intermediate particles and a solution of the in-
organic cobalt salt in the carrier liquid, preferably water. Again, generally, the
impregnation and, preferably, the drying may be effected at above 25°C and/or

at sub-atmospheric pressure.

[0055] The impregnation during the first and/or the second preparation step
may instead be done by means of incipient wetness impregnation using suffi-
cient impregnation solution to fill the pores of the support or the calcined inter-
mediate particles. The impregnated support or intermediate may be dried at
above 25°C and if required at sub-atmospheric pressure. It might also be dried

at atmospheric pressure under a flow of a gas such as air or nitrogen.

[0056] Sufficient organic cobalt compound and inorganic cobalt salt may be
used so that the resultant catalyst precursor contains between 5g Co/100g sup-
port and 70g Co/100g support, preferably between 15g Co/100g support and
40g Co/100g support.

[0057] A dopant may also be introduced onto and/or into the catalyst support.
When present, the dopant is preferably one that is capable of enhancing the re-

ducibility of the active catalyst component. The dopant may be introduced as a
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dopant compound which is a compound of a metal selected from the group
consisting of palladium (Pd), platinum (Pt), ruthenium (Ru), rhenium (Re) and a
mixture of one or more thereof. Preferably, the dopant compound is an inorga-
nic salt, and, preferably it is soluble in water. The mass proportion of the metal
of the dopant (especially palladium or platinum) to the active component metal

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

[0058] The nitrogen content in the catalyst precursor may be less than 1

mass%, preferably less than 0.5 mass%.

[0059] Calcination is preferably carried out a temperature above 25°C causing
the impregnated cobalt compound and salt to decompose and/or to react with
oxygen. Calcination is thus preferably carried out under oxidising conditions.
For example, cobalt nitrate may be converted into a compound selected from

Co0, CoO(OH), Co304, Co203 or a mixture of one or more thereof.

[0060] The calcinations in the first and second preparation steps are typically
effected in a fluidized bed, or in a rotary kiln. During the first preparation step,
the at least partially dried impregnated support may be calcined using an air/ni-
trogen mixture. The oxygen content of this gas mixture may range from 0.01%
to 20% (by volume), preferably from 0.5 to 20% (by volume). The calcination
temperature may be above 95°C, preferably above 120°C, more preferably
above 200°C, but not above 400°C. Thus, the calcination temperature may be
250°C-400°C, preferably from 280 to 330 °C. The temperature is normally in-
creased from ambient temperature, typically 25°C, to 250-400°C at a rate of be-
tween 0.1 and 10°C/min, preferably between 0.5 and 3°C/min. The oxygen con-
centration can be kept constant during the calcination or it can be increased
from a low oxygen concentration, e.i. i.e. 0.5-2 vol%, to a high concentration,
(i.e. 10-20 vol%. The increase in oxygen concentration can be done during the
temperature increase or during a hold time at the final temperature (250-400°C).
The GHSV during the calcination will normally be in the range of 100 to 3000 h
' typically about 2000 h™".
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[0061] During the second preparation step, the at least partially dried impreg-
nated intermediate may be calcined in air. The temperature during calcination
may then be 200°C to 350°C. The temperature is normally increased from am-
bient 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 calcina-
tion will normally be in the range of 100 to 3000 h™", typically about 2000 h™.
More particularly, the calcination conditions in the second preparation step may
be selected such that, in the catalyst precursor, substantially all reducible cobalt

is present in a calcined state.

[0062] The calcination during the first and/or the second preparation step may
be carried out by using a heating rate and a space velocity that comply with the
following criteria:

(i) when the heating rate is < 1°C/min, the space velocity is at least 0.76

mn’/(kg CO(NO3)2 6H20)/h; and

(if) when the heating rate is higher than 1°C/min, the space velocity satisfies

the relation :

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

[0063] According to a second aspect of the invention, there is provided a pro-
cess for preparing a catalyst, which includes reducing a catalyst precursor ob-
tained by the process of the first aspect of the invention, thereby to obtain the

catalyst.

[0064] 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.

[0065] The catalyst precursor may be activated by reduction by contacting the
catalyst precursor with pure hydrogen or with a gaseous mixture containing hy-

drogen. The gaseous mixture may consist of hydrogen and one or more inert
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gases which are inert in respect of the active catalyst. The gaseous mixture
preferably contains at least 90 volume % hydrogen. The reduction may be car-
ried out at a temperature ranging from 250°C to 550°C, preferably from about
300°C to about 425°C, for a period ranging from 0.5 hour to about 24 hours and

at a pressure ranging from ambient to about 40 atmospheres.

EXAMPLES

[0066] The invention will now be described in more detail, with reference to the

following non-limiting examples.

EXAMPLE 1 -

Preparation of comparative Catalyst A

[0067] A 30g Co/0.075g Pt/100g (1.5g Si/100g Puralox SCCa 2/150) slurry
phase Fischer-Tropsch synthesis ("FTS") catalyst was prepared on a particulate
modified 1.5g Si/100g Puralox SCCa 2/150 (trademark) pre-shaped support
using aqueous slurry phase impregnation and drying, followed by direct fluidi-
sed bed calcination in air.

[0068] This preparation was done by means of two impregnation and calcina-

tion steps, both using an inorganic cobalt compound.

[0069] In particular, the catalyst was prepared as follows:

43.70g Co(NOs3)2.6H,O were dissolved in 40ml distilled water, and
0.024g of Pt(NH3)4.(NO3), (dissolved in 10ml distilled water) were added
to this solution, where after 50.0g of the 1.5g Si/100g Puralox SCCa
2/150 modified pre-shaped support were added to the solution. Aqueous
slurry phase impregnation and vacuum drying were effected. This va-
cuum dried intermediate was directly subjected to a fluidized bed calcina-
tion step using a continuous air flow of 1.7 dm3,/min, while increasing the
temperature from 25°C to 250°C at 1°C/min and keeping it at 250°C for 6
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hours. 50.0g of this intermediate calcined material were subjected to the
following 2" cobalt/platinum impregnation and calcination step: 23.51g
Co(NOs3)2.6H,O were dissolved in 40ml distilled water and 0.039g of
Pt(NHs)4.(NO3), (dissolved in 10ml distilled water) were added to this so-
lution, and 50.0g of the ex 1% cobalt/platinum impregnated and calcined
intermediate were added. Aqueous slurry phase impregnation and va-
cuum drying were effected. This vacuum dried intermediate was directly
subjected to a fluidized bed calcination step, according to the following
procedure using a continuous air flow of 1.7 dm>,/min, while increasing
the temperature from 25°C to 250°C at 1°C/min and keeping it at 250°C

for 6 hours.

[0070] 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 Hx (space velocity = 2000ml, Hz/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 hours. The reduced catalyst was allowed to cool down to room
temperature at which stage the hydrogen was replaced by argon, and the cata-
lyst unloaded in molten Fischer-Tropsch wax under the protection of an argon

blanket. This wax coated catalyst was then transferred to the slurry reactor.
EXAMPLE 2 -

Preparation of Catalyst B in accordance with the invention

[0071] A 24g Co/0.011g Pd/0.061g Pt/100g (1.5g Si/100g Puralox SCCa 2/150)
slurry phase Fischer-Tropsch synthesis ("FTS") catalyst was prepared on a par-
ticulate modified 1.5g Si/100g Puralox SCCa 2/150 (trademark) pre-shaped
support using two sequential aqueous slurry phase preparation steps and dry-

ing, followed by direct fluidised bed calcination in an air/nitrogen mixture.
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[0072] This preparation was done by means of two preparation steps: The first
preparation step included a single impregnation step with an organic cobalt
compound, while the second preparation step included a single impregnation
step with an inorganic cobalt compound.

[0073] In particular, the catalyst was prepared as follows:

Preparation of impregnation solution 1

[0074] A cobalt ammonium citrate solution having a density of 1,3 g/ml and con-
taining 125g/| cobalt was prepared by dissolving cobalt hydroxide in a citric acid
solution in a water/citric acid/cobalt hydroxide weight ratio of 1/1/0.44. After the
cobalt hydroxide was completely dissolved, the pH of the solution was adjusted
to 7 using ammonia. To the resulting solution, tetramine palladium nitrate was
added to result in a palladium:cobalt weight ratio of 0.0015:1 in the final solu-

tion.

Impregnation/calcination step 1

[0075] 39.6g of impregnation solution 1 were added to 50.0g of the 1.5g Si/-
100g Puralox SCCa 2/150 modified pre-shaped support. Aqueous slurry phase

impregnation and vacuum drying were effected.

[0076] The dried impregnated support was calcined in a fluidized bed reactor by
heating the material up to 300°C at a heating rate of 2°C/min, in a 1.6% (by vo-
lume) oxygen in nitrogen flow of 2 dm®/min. Under these conditions, the exo-
therm resulting from combustion of organics was roughly 40°C. As soon as the
combustion started, the temperature of the gas inlet was reduced and adjusted
to yield a reaction temperature of 300-310°C. The combustion phase took 3.5

hours, after which the calcination was assumed to be completed.

Impregnation/calcination step 2

[0077] 50.0g of the intermediate calcined material from impregnation/calcina-
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tions step 1 were subjected to the following 2™ cobalt/platinum impregnation
and calcination step:

37.04g Co(NO3)2.6H20 were dissolved in 25ml distilled water and 0.056g
of Pt(NH3)4.(NO3)2 (dissolved in 10ml distilled water) were added to this
solution. 50.0g of the ex 1% step cobalt/palladium impregnated and cal-
cined intermediate were then added. Aqueous slurry phase impregnation
and vacuum drying were effected. This vacuum dried intermediate was
directly subjected to a fluidized bed calcination step, according to the fol-
lowing procedure using a continuous air flow of 1.6 dm®,/min, while in-
creasing the temperature from 25°C to 250°C at 1°C/min and keeping it
at 250°C for 6 hours.

[0078] The catalyst precursor (i.e. after the 2" 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 3 -

Preparation of Catalyst C in accordance with the invention

[0079] A 24g Co/0.072g Pt/100g (1.5g Si/100g Puralox SCCa 2/150) slurry
phase Fischer-Tropsch synthesis ("FTS") catalyst was prepared on a particulate
modified 1.5g Si/100g Puralox SCCa 2/150 (trademark) pre-shaped support
using two sequential aqueous slurry phase impregnation steps and drying, fol-

lowed by direct fluidised bed calcination in an air/nitrogen mixture.

[0080] This preparation was done by means of two preparation steps: The first
preparation step included a single impregnation step with an organic cobalt
compound, while the second preparation step included a single impregnation

step with an inorganic cobalt compound.

[0081] Catalyst C was prepared in exactly the same manner as Catalyst B ex-

cept for the preparation of impregnation solution 1.
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[0082] The preparation of impregnation solution 1 for Example 3 was done as

follows:

A cobalt ammonium citrate solution containing 125g/l cobalt was pre-
pared by dissolving cobalt hydoxide in a citric acid solution in a water/-
citric acid/cobalt hydroxide weight ratio of 1/1/0.44. After the cobalt hy-
droxide was completely dissolved, the pH of the solution was adjusted to
pH7 using ammonia. To the resulting solution, tetramine platinum nitrate
was added to result in a platinum:cobalt weight ratio of 0.0015:1 in the fi-

nal solution.

[0083] All of catalysts A, B, and C were tested for Fischer-Tropsch synthesis
performance using a slurry phase CSTR. The following Fischer-Tropsch syn-

thesis reaction conditions were maintained:

Reactor temperature 230°C

Reactor pressure . 5par
?Catalyst nventoy -ojca. 10 gram

(H2 O] oo o
HQCOlnletratlo P

Argon internal standard . 115vol%

[0084] As all FT conditions were the same, the relative FT activity was deter-
mined by calculating the FT activity of each catalyst as mole CO converted/g

catalyst/s and made relative to catalyst A.

[0085] Catalysts B and C, as prepared in accordance with the invention using
cobalt citrate in the 1% impregnation and cobalt nitrate in the 2™ impregnation,
had a relatively 15% lower cobalt loading and showed an activity enhancement
of 27% and 30% respectively compared to comparative Catalyst A, which was
prepared by using cobalt nitrate in both the 1%' and 2" impregnation step, under

the reaction conditions described above.
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[0086] Catalysts B and C prepared according to this invention showed a con-
siderably higher dispersion of smaller cobalt crystallites compared to conven-
tionally prepared cobalt nitrate-only impregnated Catalyst A. This improved dis-
persion is demonstrated by XRD crystallite size determination, as given in Table
1.

TABLE 1: Cobalt content, cobalt oxide crystallite size, and relative Fischer-

Tropsch (FT) activity for catalysts A, B, and C

Catalyst Catalyst Catalyst
A B C
?Cobalt content prior to reduction [m%)] 21 18 18
?XRD crystallite size of oxide precursor prior to§15 7 7
%reduction [nm] 5
RelatlveFTactmty ................................................................................ 100 ................... | 130 ...................

[0087] The average cobalt oxide crystallite size determined by means of XRD,
for catalyst A, was 15 nm., while the average cobalt oxide crystallite size deter-

mined for catalysts B and C was significantly smaller.

EXAMPLE 4 -

Preparation of Catalyst D in accordance with the invention

[0088] A 18g Co/0.011g Pd/0.061g Pt/100g (1.5g Si/100g Puralox SCCa 2/150)
slurry phase Fischer-Tropsch synthesis ("FTS") catalyst was prepared on a par-
ticulate modified 1.5g Si/100g Puralox SCCa 2/150 (trademark) pre-shaped
support using two sequential aqueous slurry phase preparation steps and dry-
ing, followed by direct fluidised bed calcination in a air/nitrogen mixture.

[0089] This preparation was done by means of two preparation steps: The first

preparation step included a single impregnation step with an organic cobalt
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compound, while the second preparation step included a single impregnation
step with an inorganic cobalt compound.

[0090] In particular, the catalyst was prepared as follows:

Preparation of impregnation solution 1

[0091] A cobalt ammonium EDTA solution containing 71.4g/l cobalt was pre-
pared by dissolving cobalt hydroxide in a EDTA solution in a water/EDTA/cobalt
hydroxide weight ratio of 1/1/0.25. After the cobalt hydroxide was completely
dissolved, the pH of the solution was adjusted to 7 using ammonia. To the re-
sulting solution tetramine palladium nitrate was added to result in a palladium:-

cobalt weight ratio of 0.0015:1 in the final solution.

Impregnation/calcination step 1

[0092] 64.6g of impregnation solution 1 was added to 50.0g of the 1.5g Si/100g
Puralox SCCa 2/150 modified pre-shaped support and vacuum drying was ef-
fected.

[0093] The dried impregnated support was calcined in a fluidized bed reactor by
heating the material up to 330°C with a heating rate of 2°C/min, in a 1.6% (by
volume) oxygen in nitrogen flow of 2 dm®,/min. Under these conditions, the exo-
therm resulting from combustion of organics is roughly 20°C. As soon as the
combustion starts the temperature of the gas inlet is reduced and adjusted to
yield in a reaction temperature of 300-330°C. The combustion phase took 5

hours, after which the calcination was assumed to be completed.

Impregnation/calcination step 2

[0094] The intermediate cobalt/palladium impregnated and calcined ex-step 1
material was subjected to the following 2" cobalt impregnation and calcination

step:
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49.5 of a solution of Co(NO3)2.6H20 and Pt(NHs3)4.(NO3)2 in water, having
a cobalt content of 142.5¢g/l, a Pt content of 0.21 g/ml, a density of
1.34g/ml and a pH of 2.8 (adjusted with ammonia) was added to 35.0g of
the ex 1% cobalt/palladium impregnated and calcined intermediate.
Aqueous slurry phase impregnation and vacuum drying was effected.
This vacuum dried intermediate was directly subjected to a fluidized bed
calcination step, according to the following procedure using a continuous
air flow of 1.6 dm>,/min, while increasing the temperature from 25°C to
250°C at 1°C/min and keeping it at 250°C for 6 hours.

[0095] The catalyst precursor (i.e. after the 2" impregnation and calcination)
was activated/reduced to obtain the catalyst by using the procedure as descri-
bed in Example 1, except that the end temperature was 375°C.

EXAMPLE 5 -

Preparation of Catalyst E in accordance with the invention

[0096] A 18g Co/0.011g Pd/0.061g Pt/100g (Titanium (IV) Oxide) slurry phase
Fischer-Tropsch synthesis ("FTS") catalyst was prepared on a Titanium (IV)
Oxide support using two sequential aqueous slurry phase preparation steps and

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

[0097] This preparation was done by means of two preparation steps: The first
preparation step included a single impregnation step with an organic cobalt
compound, while the second preparation step included a single impregnation
step with an inorganic cobalt compound.

[0098] In particular, the catalyst was prepared as follows:
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Preparation of impregnation solution 1

[0099] A cobalt ammonium citrate solution containing 127g/l cobalt was prepa-
red by dissolving cobalt hydroxide in a citric acid solution in a water/citric acid/-
cobalt hydroxide weight ratio of 1/1/0.44. After the cobalt hydroxide was com-
pletely dissolved, the pH of the solution was adjusted to 7 using ammonia. To
the resulting solution, tetramine palladium nitrate was added to result in a palla-

dium:cobalt weight ratio of 0.0015:1 in the final solution.

Impregnation/calcination step 1

[0100] 39.1g of impregnation solution 1 was added to 50.0g of the Titanium (IV)

Oxide support and vacuum drying was effected.

[0101] The dried impregnated support was calcined in a fluidized bed reactor by
heating the material up to 300°C with a heating rate of 2°C/min, in a 1.6% (by
volume) oxygen in nitrogen flow of 2 dm®./min. Under these conditions, the exo-
therm resulting from combustion of organics is roughly 30°C. As soon as the
combustion starts the temperature of the gas inlet is reduced and adjusted to
yield in a reaction temperature of 300-310°C. The combustion phase took 3.5
hours, after which the calcination was assumed to be completed.

Impregnation/calcination step 2

[0102] The intermediate cobalt/palladium impregnated and calcined ex-step 1
material was subjected to the following 2™ cobalt impregnation and calcination

step:

36.1 g of a solution of Co(NO3)2.6H20 and Pt(NHs)4.(NO3)2 in water, ha-
ving a cobalt content of 139.4g/l, a Pt content of 0.21 g/ml, a density of
1.34g/ml and a pH of 2.9 (adjusted with ammonia) was added to 25.0g of
the ex 1% cobalt/palladium impregnated and calcined intermediate.
Aqueous slurry phase impregnation and vacuum drying was effected.

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

[0103] The catalyst precursor (i.e. after the 2" impregnation and calcination)
was activated/reduced to obtain the catalyst by using the procedure as descri-

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

EXAMPLE 6 -

Preparation of Comparative Catalyst F

[0104] A 21g Co0/0.075g Pt/100g (Titanium (IV) Oxide) slurry phase Fischer-
Tropsch synthesis ("FTS") catalyst was prepared on a Titanium (IV) Oxide sup-
port using two sequential aqueous slurry phase preparation steps and drying,

followed by direct fluidised bed calcination in air.

[0105] This preparation was done by means of two impregnation and calcina-
tion steps, both using an inorganic cobalt compound.

[0106] In particular, the catalyst was prepared as follows:

Impregnation/calcination step 1

[0107] 74.1 of a solution of Co(NOs3)2.6H.O and Pt(NH3)4.(NOs). in water, ha-
ving a cobalt content of 151.5g/l, a Pt content of 0.07g/ml, a density of 1.37g/ml
and a pH of 2.7 (adjusted with ammonia) and 10g water was added to 50.0g of
Titanium (IV) Oxide support and vacuum drying was effected. This vacuum
dried impregnated support was directly subjected to a fluidized bed calcination
step, according to the following procedure using a continuous air flow of 1.6
dm?./min, while increasing the temperature from 25°C to 250°C at 1°C/min and

keeping it at 250°C for 6 hours.



10

15

20

25

30

DK/EP 2401080 T3

25

Impregnation/calcination step 2

[0108] The intermediate cobalt/platinum impregnated and calcined ex-step 1
material was subjected to the following 2" cobalt impregnation and calcination

step:

30g of a solution of Co(NO3),.6H20 and Pt(NHs)4.(NO3), in water, having
a cobalt content of 140.3g/l, a Pt content of 0.21g/ml, a density of 1.34g/-
ml and a pH of 2.6 (adjusted with ammonia) was added to 30.6g of the
ex 1% cobalt/platinum impregnated and calcined intermediate. Aqueous
slurry phase impregnation and vacuum drying was effected. This vacuum
dried intermediate was directly subjected to a fluidized bed calcination
step, according to the following procedure using a continuous air flow of
1.6 dm®/min, while increasing the temperature from 25°C to 250°C at
1°C/min and keeping it at 250°C for 6 hours.

[0109] The catalyst precursor (i.e. after the 2" impregnation and calcination)
was activated/reduced to obtain the catalyst by using the procedure as de-
scribed in Example 1, except that the end temperature was 375°C

EXAMPLE 7 -

Preparation of Catalyst G in accordance with the invention

[0110] A 18g Co0/0.011g Pd/0.061 g Pt/100g (Silicon dioxide) slurry phase
Fischer-Tropsch synthesis ("FTS") catalyst was prepared on a Silicon dioxide
support using two sequential aqueous slurry phase preparation steps and dry-

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

[0111] This preparation was done by means of two preparation steps: The first
preparation step included a single impregnation step with an organic cobalt
compound, while the second preparation step included a single impregnation
step with an inorganic cobalt compound.
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[0112] In particular, the catalyst was prepared as follows:

Impregnation/calcination step 1

[0113] 39.1g of impregnation solution 1 from Example 5 (Catalyst E) and 40g
water was added to 50.0g of the Silicon dioxide support and vacuum drying was

effected.

[0114] The dried impregnated support was calcined in a fluidized bed reactor by
heating the material up to 300°C with a heating rate of 2°C/min, in a 1.6% (by
volume) oxygen in nitrogen flow of 2 dm,/min. Under these conditions, the exo-
therm resulting from combustion of organics is roughly 30°C. As soon as the
combustion starts the temperature of the gas inlet is reduced and adjusted to
yield in a reaction temperature of 300-310°. The combustion phase took 3.5

hours, after which the calcination was assumed to be completed.

Impregnation/calcination step 2

[0115] The intermediate cobalt/palladium impregnated and calcined ex-step 1
material was subjected to the following 2™ cobalt impregnation and calcination
step:

28.9g of a solution of Co(NOs3)..6H,O and Pt(NH3)4.(NOs), in water, ha-
ving a cobalt content of 139.4g/l, a Pt content of 0.21 g/ml, a density of
1.34g/ml and a pH of 2.9 (adjusted with ammonia) and 10g water was
added to 20.0g of the ex 1°' cobalt/palladium impregnated and calcined
intermediate. Aqueous slurry phase impregnation and vacuum drying
was effected. This vacuum dried intermediate was directly subjected to a
fluidized bed calcination step, according to the following procedure using
a continuous air flow of 1.6 dm>,/min, while increasing the temperature
from 25°C to 250°C at 1 °C/min and keeping it at 250°C for 6 hours.
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[0116] The catalyst precursor (i.e. after the 2" impregnation and calcination)
was activated/reduced to obtain the catalyst by using the procedure as de-
scribed in Example 1, except that the end temperature was 375°C

[0117] Catalysts D, E, F and G were analysed for cobalt content and cobalt oxi-

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

TABLE 2 Cobalt content, and cobalt oxide crystallite size, for catalysts D, E, F

...............................................................................................................................................................................................................................

(Catalyst |Catalyst catalyst Catalyst
D E F G |

?Cobalt content prior to reduction [m%] 18 18 21 18

XRD crystallite size of oxide precursor 8

%prior to reduction [nm]
[0118] Catalyst D prepared with a different organic precursor (Cobalt EDTA) in
the first preparation step to that used for the preparation of Catalyst B (Cobalt
citrate) also showed good dispersion of cobalt crystallites compared to the con-

ventionally prepared cobalt nitrate-only impregnated Catalyst A.

[0119] Catalysts E and G prepared on different supports (TiO2, SiO2) according
to this invention showed a considerably higher dispersion of smaller cobalt cry-
stallites compared to conventionally prepared cobalt nitrate-only impregnated
comparative Catalyst F. These improved dispersions are demonstrated by XRD

crystallite size determination, as given in Table 2.

EXAMPLE 8 -

Preparation of Catalyst H in accordance with the invention

[0120] A 23g Co/0.00375g Pd/0.075g Pt100g (1.5g Si/100g Puralox SCCa
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2/150) slurry phase Fischer-Tropsch synthesis ("FTS") catalyst was prepared
on a particulate modified 1.5g Si/100g Puralox SCCa 2/150 (trademark) pre-
shaped support using sequential aqueous slurry phase preparation steps and
drying, followed by direct fluidised bed calcination in an air/nitrogen mixture.

[0121] This preparation was done by means of two preparation steps: The first
preparation step used an organic cobalt compound, while the second prepara-
tion step used an inorganic cobalt compound. The impregnation with the inor-
ganic cobalt compound in the second preparation step was repeated once (i.e.

impregnations 2a and 2b).

[0122] In particular, the catalyst was prepared as follows:

Preparation of impregnation solution 1

[0123] A cobalt ammonium citrate solution containing 125g/l cobalt was pre-
pared by dissolving cobalt hydroxide in a citric acid solution in a water/citric
acid/cobalt hydroxide weight ratio of 1/1/0.44. After the cobalt hydroxide was
completely dissolved, the pH of the solution was adjusted to 7 using ammonia.
To the resulting solution tetramine palladium nitrate was added to result in a
palladium:cobalt weight ratio of 0.0015:1 in the final solution.

Impregnation/calcination step 1

[0124] 13,09 of impregnation solution 1 and 40g of water were added to 50.0g
of the 1.5g Si/100g Puralox SCCa 2/150 modified pre-shaped support and va-
cuum drying was effected.

[0125] The dried impregnated support was calcined in a fluidized bed reactor by
heating the material up to 300°C with a heating rate of 2°C/min, in a 1.6% (by
volume) oxygen in nitrogen flow of 2 dm®,/min. Under these conditions, the exo-
therm resulting from combustion of organics is roughly 30°C. As soon as the

combustion starts the temperature of the gas inlet is reduced and adjusted to
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yield in a reaction temperature of 300-310°C. The combustion phase took 2
hours, after which the calcination was assumed to be completed.

Impregnation/calcination step 2a

[0126] The intermediate cobalt/palladium impregnated and calcined ex-step 1
material was subjected to the following 2" cobalt impregnation and calcination

step:

59,49 of a solution of Co(NOs),.6H20 and Pt(NHs)s.(NOs)2 in water, ha-
ving a cobalt content of 151g/l, a Pt content of 0.21g/ml, a density of
1.37g/ml and a pH of 2.7 (adjusted with ammonia) was added to 40.0g of
the ex 1% cobalt/palladium impregnated and calcined intermediate.
Aqueous slurry phase impregnation and vacuum drying was effected.
This vacuum dried intermediate was directly subjected to a fluidized bed
calcination step, according to the following procedure using a continuous
air flow of 1.6 dm>,/min, while increasing the temperature from 25°C to
250°C at 1°C/min and keeping it at 250°C for 6 hours.

Impregnation/calcination step 2b

[0127] The intermediate ex-step 2a cobalt/palladium/platinum impregnated and
calcined material was subjected to the following cobalt impregnation and calci-

nation step:

40,99 of a solution of Co(NO3),.6H,O and Pt(NHs)s.(NOs), in water, ha-
ving a cobalt content of 139g/l, a Pt content of 0.53g/ml, a density of
1.34g/ml and a pH of 2.9 (adjusted with ammonia) was added to 40.0g of
the ex-step 2a cobalt/palladium/platinum impregnated and calcined in-
termediate. Aqueous slurry phase impregnation and vacuum drying was
effected. This vacuum dried intermediate was directly subjected to a flui-

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

[0128] The catalyst precursor (i.e. after last impregnation and calcination) was
activated/reduced to obtain the catalyst by using the procedure as described in

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

EXAMPLE 9 -

Preparation of Catalyst | in accordance with the invention

[0129] A 18g Co/0.011g Pd/0.023g Pt/100g (1.5g Si/100g Puralox SCCa 2/150)
slurry phase Fischer-Tropsch synthesis ("FTS") catalyst was prepared on a par-
ticulate modified 1.5g Si/100g Puralox SCCa 2/150 (trademark) pre-shaped
support using three sequential aqueous slurry phase preparation steps and dry-

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

[0130] This preparation was done by means of two preparation steps: The first
preparation step used an organic cobalt compound, while the second prepara-
tion step an inorganic cobalt compound. The impregnation with the organic co-
balt compound in the first preparation step was repeated once (i.e. impregna-

tions 1 aand 1 b).

[0131] In particular, the catalyst was prepared as follows:

Preparation of impregnation solution 1

[0132] A cobalt ammonium citrate solution containing 125g/l cobalt was pre-
pared by dissolving cobalt hydroxide in a citric acid solution in a water/citric
acid/cobalt hydroxide weight ratio of 1/1/0.44. After the cobalt hydroxide was
completely dissolved, the pH of the solution was adjusted to 7 using ammonia.
To the resulting solution tetramine palladium nitrate was added to result in a

palladium:cobalt weight ratio of 0.0015:1 in the final solution.
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Impregnation/calcination step 1a

[0133] 13,0g of impregnation solution 1 and 40g of water was added to 50.0g of
the 1.5g Si/100g Puralox SCCa 2/150 modified pre-shaped support and vacuum

drying was effected.

[0134] The dried impregnated support was calcined in a fluidized bed reactor by
heating the material up to 300°C with a heating rate of 2°C/min, in a 1.6% (by
volume) oxygen in nitrogen flow of 2 dm®,/min. Under these conditions, the exo-
therm resulting from combustion of organics is roughly 30°C. As soon as the
combustion starts the temperature of the gas inlet is reduced and adjusted to
yield in a reaction temperature of 300-310°C. The combustion phase took 2

hours, after which the calcination was assumed to be completed.

Impregnation/calcination step 1b

[0135] 20,8g of impregnation solution 1 was added to 40.0g of the ex-stepl1a
cobalt/palladium impregnated and calcined intermediate and vacuum drying

was effected.

[0136] The dried impregnated support was calcined in a fluidized bed reactor by
heating the material up to 300°C with a heating rate of 2°C/min, in a 1.6% (by
volume) oxygen in nitrogen flow of 2 dm®,/min. Under these conditions, the exo-
therm resulting from combustion of organics is roughly 30°C. As soon as the
combustion starts the temperature of the gas inlet is reduced and adjusted to
yield in a reaction temperature of 300-310°C. The combustion phase took 3.5

hours, after which the calcination was assumed to be completed.

Impregnation/calcination step 2

[0137] The intermediate ex-step 1 b cobalt/palladium impregated and calcined
material was subjected to the following 3™ cobalt impregnation and calcination

step:
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42,49 of a solution of Co(NO3)2.6H20 and Pt(NHs)4.(NOs)2 in water, ha-
ving a cobalt content of 143g/l, a Pt content of 0.54g/ml, a density of
1.34g/ml and a pH of 2.8 (adjusted with ammonia) was added to 30.0g of
the ex-step 1 b cobalt/palladium impregnated and calcined intermediate.

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

[0138] The catalyst precursor (i.e. after the last impregnation and calcination)
was activated/reduced to obtain the catalyst by using the procedure as descri-

bed in Example 1, except that the end temperature was 375°C
[0139] Catalysts H and | were tested for Fischer-Tropsch synthesis perfor-
mance on exactly the same basis as for Catalysts A, B and C hereinbefore de-

scribed. The results are given in Table 3.

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

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

Catalyst  Catalyst %Catalyst

CObaltcontentprlortoreductlon[m(%] ................................ 23 ........................ 18 ...................... 2 1 ........................
XRDcrySta”IteSIzeofOXIdeprecursorprlorto12 ........................ 715 ......................
reduction [nm] E

Relat|veFTact|V|ty143 ..................... PR A

[0140] It was thus surprisingly found that when, during the first preparation step,
an organic cobalt compound/complex is used followed by impregnation, in a se-
cond preparation step, with a cobalt salt, a catalyst having an increased Fi-

scher-Tropsch activity is obtained. This is most likely due to the high cobalt
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(metal and/or oxide) dispersion and, at the same time, a desired high cobalt
loading.

[0141] The invention thus overcomes problems associated with known pro-
cesses for preparing Fischer-Tropsch catalysts whereby, on the one hand, high
dispersions of cobalt on the catalyst support can be achieved when using low
metal loading, while on the other hand, for many Fischer-Tropsch synthesis
reactions, low cobalt loadings do not provide a desired high activity. Hitherto,
when it has then been attempted to increase the cobalt loading, metal disper-
sion often decreased to unacceptable levels. It was thus surprisingly found that

this problem was avoided with the process of the present invention.

EXAMPLE 10

Preparation of Catalyst J in accordance with the invention.

[0142] A 26g Co/0,075Pt/100g (1.5g Si/100g Puralox SCCa 2/150) slurry phase
Fischer-Tropsch synthesis ("FTS") catalyst was prepared on a particulate modi-
fied 1.5g Si/100g Puralox SCCa 2/150 (trademark) pre-shaped support using
two sequential slurry phase preparation steps and drying, followed by direct flui-

dised bed calcination in air.

[0143] This preparation was done by means of two preparation steps: The first
preparation step included a single impregnation step with an organic cobalt
compound and an organic solvent, while the second preparation step included a
single impregnation step with an inorganic cobalt compound and water as a sol-

vent.

[0144] In particular, the catalyst was prepared as follows:

Impregnation/calcination step 1
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[0145] 43 g of Co(acac); (i.e. cobalt acetylacetonate; Co(CsH;03),) and 0,049 g
Pt(NH3)4.(NOs3). were dissolved in 120 ml of Toluene. 100grams of 1.5g Si/100g
Puralox SCCa 2/150 modified pre-shaped support was then added to this solu-
tion. Organic slurry phase impregnation and vacuum drying were effected.

[0146] This vacuum dried intermediate was directly subjected to a fluidized bed
calcination step using a continuous air flow of 1.7 dm>,/min, while increasing the
temperature from 25°C to 250°C at 1°C/min and keeping it at 250°C for 6 hours.

Impregnation/calcination step 2

[0147] 100g of this intermediate calcined material were subjected to the follo-
wing 2" cobalt/platinum impregnation and calcination step: 69.5g Co(NO3),.6-
H>O were dissolved in 100ml distilled water and 0.087g of Pt(NH3)4.(NO3)2 (dis-
solved in 10ml distilled water) were added to this solution, and 100g of the ex 1%
cobalt/platinum impregnated and calcined intermediate were added. Aqueous
slurry phase impregnation and vacuum drying were effected. This vacuum dried
intermediate was directly subjected to a fluidized bed calcination step, accor-
ding to the following procedure using a continuous air flow of 1.7 dm?,/min,
while increasing the temperature from 25°C to 250°C at 1°C/min and keeping it
at 250°C for 6 hours.

[0148] The catalyst precursor (i.e. after the 2" impregnation and calcination)
was activated/reduced to obtain the catalyst by using the same procedure as

described in Example 1.

TABLE 4 Cobalt content and cobalt oxide crystallite size for catalysts A, B, C

and J

§Catalyst §Catalyst éCataIyst §Catalysts
A B [¢ J |

R T T R T R R R

Cobalt content prior to reduction 21 18 18 118
§[m%] E : :
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§Catalyst §Catalyst éCataIyst §Cata|ysts
A B C J |

XRD crystallite size of oxide precur- 15 7 7 9

%sor prior to reduction [nm]

EXAMPLE 11

Fatty acid hydrogenation

[0149] The hydrogenating performance of (Catalyst B) was determined by the
hydrogenation of 150g of tallow fatty acid (iodine value 50.6). Catalyst runs
were conducted in a 300ml autoclave using ~830 mg of prereduced cobalt cata-
lyst such that the cobalt content in the reactor was 0.1 weight percent. Reac-
tions were run at a hydrogen pressure of 20 bar, a temperature of 200 °C and a
stirring speed of 1600 rpm.

[0150] The hydrogen consumption was monitored for 4 hours. In addition, the
end iodine value was measured by the Wijs method as described in A.O.C.S.

Official Method Cd 1-25 (1990).

[0151] The catalyst afforded a 56% conversion of the fatty acid sample after 4

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

[0152] The results are set out in Table 5

TABLE 5
e S T T oo e
T 0 ........................................................... D —
20 0,93 14 44

4015523393

R
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?240 3,81 56 225
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Patentkrav

1. Fremgangsmade til fremstilling af en katalysator-praecursor, hvilken frem-
gangsmade indbefatter i et farste fremstillingstrin at impraegnere en partikelfor-
met katalysatorbaerer med en organisk koboltforbindelse i beerevaeske for at
danne en impraegneret mellemforbindelse og calcinere den impraegnerede mel-
lemforbindelse ved en calcineringstemperatur, som ikke er starre end 400°C,
for at opna en calcineret mellemforbindelse og

derefter i et andet fremstillingstrin at impraegnere den calcinerede mellemfor-
bindelse fra det farste fremstillingstrin med et uorganisk koboltsalt i en baere-
vaeske for at opna en impraegneret understatning og calcinere den delvist tarre-
de impraegnerede understatning i luft ved en calcineringstemperatur pa 200°C
til 350°C for at opna katalysator-praecursoren, hvor fremgangsmaden er kende-
tegnet ved, at intet af det uorganiske anvendte koboltsalt i det andet fremstil-

lingstrin er til stede under det forste fremstillingstrin.

2. Fremgangsmaéade ifolge krav 1, hvor intet af den organiske koboltforbindel-

se fra det farste fremstillingstrin er til stede under det andet fremstillingstrin.

3. Fremgangsmade ifolge krav 1 eller 2, hvor den impraegnerede mellemfor-
bindelse af det forste fremstillingstrin er i det mindste delvis tarret forud for cal-
cineringen heraf, og/eller hvor den impreegnerede understotning af det andet

fremstillingstrin er mindst delvis tarret forud for calcineringen heraf.

4. Fremgangsmade ifolge krav 3, som indbefatter i det farste fremstillingstrin
gentagelse af i det mindste mindst en gang impraegneringen med den organiske
koboltforbindelse, den i det mindste delvist torrede impraegnerede mellemfor-
bindelse og calcineringen af den i det mindste delvist tarrede impraegnerede
mellemforbindelse for at opna et hgjere koboltindhold i den calcinerede mellem-

forbindelse.

5. Fremgangsmade ifglge et vilkarligt af kravene 3 eller 4, som indbefatter i

det andet fremstillingstrin gentagelse af mindst en gang impraegneringen med
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det uorganiske koboltsalt, den i det mindste delvist torrede torring af den im-
preegnerede understotning og calcineringen af den delvist tarrede impraegnere-
de understatning for at opna et hgjere koboltindhold i katalysator-praecursoren.

6. Fremgangsmade ifalge et vilkarligt af kravene 1 til 5 inklusive, hvor en or-

ganisk koboltforbindelse og et uorganisk koboltsalt anvendes.

7. Fremgangsméde ifglge krav 6, hvor det uorganiske koboltsalt fra det andet
fremstillingstrin er Co(NO3)»-6H,O med Co(NO3).-6H.O oplgst i vand som bae-

revaeske.

8. Fremgangsmade ifolge krav 6 eller 7, hvor den organiske koboltforbindelse
fra det forste fremstillingstrin er det, der opnéas ved at omsaette en koboltforbin-
delse med en organisk syre eventuelt i neervaer af en modionskilde, eller det,
der opnas ved omseetning af en koboltforbindelse med acetylacetone (CsHsO»)

eller er koboltammoniumcitrat.

9. Fremgangsmade ifalge krav 8, hvor med hensyn til den organiske kobolt-
forbindelse fra det forste fremstillingstrin er den organiske syre valgt fra citron-
syre (CeHsO7), ravsyre (C4HeO4), oxalsyre (CoH204), eddikesyre (CoH402), glu-
consyre (CeH1207) og EDTA, koboltforbindelsen er kobolthydroxid, og modions-

kilden, s&fremt den er til stede, er ammoniak.

10. Fremgangsmade ifalge et vilkarligt af kravene 6 til 9 inklusive, hvor den or-

ganiske koboltforbindelse er oplgst i vand som baerevaeske.

11. Fremgangsmade ifolge et vilkarligt af kravene 6 til 10 inklusive, hvor im-
praegneringen og torringen under det fgrste og det andet fremstillingstrin udfg-

res over 25°C og ved et tryk under atmosfaeretryk.

12. Fremgangsmade til fremstilling af en katalysator, som indbefatter fremstil-
ling af en katalysator-preecursor ifelge krav 1, og reduktion af katalysator-prae-

cursoren for derved at opna katalysatoren.
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