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(57) ABSTRACT

A method of producing an aluminium oxide supported cata-
lyst for use in a Fischer-Tropsch synthesis reaction, which
comprises: spray-drying a slurry of y-alumina and a source of
a spinel forming metal to form a solid precursor material;
calcining the precursor material to form a modified support
material including a metal aluminate spinel; impregnating the
modified alumina support material with a source of cobalt;
calcining the impregnated support material, and activating
the catalyst.
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FISCHER-TROPSCH CATALYSTS

[0001] The present application is a National Phase entry of
PCT Application No. PCT/GB2011/001149 filed Jul. 29,
2011, which claims priority from U.S. Application No.
61/371,912, filed Aug. 9, 2010, the disclosures of which are
hereby incorporated by reference in their entireties.

FIELD OF THE INVENTION

[0002] The present invention relates to supported catalysts
and their use in Fischer-Tropsch synthesis reactions, and
more specifically to a process for the production of the cata-
lyst, and to the catalyst itself.

BACKGROUND OF THE INVENTION

[0003] Conversion of natural gas to liquid hydrocarbons
(“Gas To Liquids” or “GTL” process) is based on a 3 step
procedure consisting of: 1) synthesis gas production; 2) syn-
thesis gas conversion by Fischer-Tropsch (“FT”) synthesis;
and 3) upgrading of FT products (wax and naphtha/distil-
lates) to final products.

[0004] The Fischer-Tropsch reaction for conversion of syn-
thesis gas, a mixture of CO and hydrogen, possibly also
containing essentially inert components like CO,, nitrogen
and methane, is commercially operated over catalysts con-
taining the active metals Fe or Co. Iron catalysts are best
suited for synthesis gas with low H,/CO ratios (<1.2), e.g.
synthesis gas produced from coal or other heavy hydrocarbon
feedstock, where this ratio is considerably lower than the
consumption ratio of the FT-reaction (2.0-2.1).

[0005] To achieve sufficient catalytic activity, it is custom-
ary to disperse a catalytically active metal on a catalyst car-
rier, often referred to as the support material. In this way, a
larger portion of the metal is exposed as surface atoms where
the reaction can take place. Typically, support materials are
alumina, silica and titania based. In addition, different pro-
moters are also added to further increase catalytic activity,
and typical promoters may be rhenium, rhutenium and plati-
num. The F-T process can be carried out either in a fixed bed
reactor or a slurry bed reactor. In case of a slurry bed process,
the catalyst particles are suspended in oil with gaseous reac-
tants being bubbled into the reactor. For either process to be
economically viable, the catalyst must exhibit good perfor-
mance for a long period of time without significant loss in
catalytic activity. Typically, catalyst deactivates because of
one or more of the following issues: (a) poisoning of the
active catalytic metal (e.g. cobalt), (b) loss of catalytic metal
surface area (e.g. via sintering), (c¢) loss of active metal spe-
cies due to reaction with support, and (d) attrition.

[0006] The attrition of the catalyst, i.e. issue (d) above, is
primarily dependent on the strength of the support for the
catalytically active metal. Using slurry bed catalysts are sub-
jected to a number of collisions either with other particles or
with the reactor walls. This causes the catalyst particles to
“attrit” or break into smaller particles. Smaller particles are
not retained in the reactor, and as a result the activity declines
absent continuous addition of fresh catalyst. In order to
enhance performance of the catalyst and to improve the cata-
lyst life, a support must therefore exhibit high attrition resis-
tance.

[0007] High surface area alumina is commonly used as a
catalyst support for F-T. Supports having high surface area
provide the necessary support for dispersing catalytic sites
throughout the catalyst. High surface area aluminas are con-
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ventionally prepared by calcining an aluminum hydroxide
composition such as boehmite. Calcined, high surface area
alumina per se, however, does not exhibit good attrition resis-
tance. Indeed, it is also largely believed that aluminas after
calcination cannot be easily bound into hard particles. Hence,
there is a tendency to use boehmite aluminas as support
precursors, which are slurried in water and “peptized” in the
presence of an acid such as nitric or hydrochloric acid, fol-
lowed by drying and calcinations to give attrition resistant
particles. This alternative presents its own problem because
these peptized boehmitic aluminas slurries gel at high solids
content and need to be diluted before drying and calcination.
Processing the alumina at high solids content is desirable not
only to get high production rates, but also to yield a strong
particle of desired particle size upon spray drying.

[0008] Inaddition, and as reference with respectto issue (c)
above, high surface area alumina supports react with active
metal precursor of cobalt to form Co-aluminate spinel upon
calcination. This transforms the active Co metal to “inactive”
spinel Co-aluminate and thus decreases the catalyst activity.
[0009] In order to prevent Co-aluminate spinel formula-
tion, divalent metals like Ni, Zn, and Mg can be added to an
alumina support to form the spinel phase “a priori” and thus
prevent the formation of inactive Co-aluminate. The divalent
metal aluminate spinels are formed upon high temperature
calcinations above 650° C. Such spinel materials do not
exhibit high strength, however, and can easily break into
smaller particles. In other words, such spinel phase-based
particles generally do not have sufficient attrition resistance.
[0010] It has been shown that if the spinels compositions
are calcined at very high temperatures, in excess of 1100° C.,
the attrition resistance improves significantly (see WO 2005/
072866 Al or US 2007/0161714). In addition to requiring
high calcination temperatures, it is also apparent that high
levels of divalent metals are needed to attain the good attrition
resistance. Typically, the divalent compound is in excess of 10
wt % (as metal) in loading.

[0011] It has also been shown that, as a result of high
temperature calcinations, the support pore diameter shifts to
high pore modes. Catalysts made from these high temperature
calcined spinel supports therefore have high selectivity to
high hydrocarbons in addition to the aforementioned attrition
resistance. The practical use of these supports, however, is
limited due to expensive processing steps, and large amounts
of expensive divalent metal compounds added as dopants.
Furthermore, large amount of divalent dopant compounds
poses the risk of leaching out of the spinel structure and
adversely affecting the catalyst activity.

SUMMARY OF THE INVENTION

[0012] It is an object of the present invention to provide a
method of producing such a catalyst with a high resistance to
attrition and at a lower cost, minimizing the amount of costly
components and costly processing steps.

[0013] Certain aspects of the present invention are con-
cerned with aluminium oxide, as a support material.

[0014] According to one aspect of the invention, there is
provided a method of producing a modified aluminium oxide
supported catalyst, which comprises the following steps: an
initial step of forming a slurry by mixing aluminium oxide
and a metal compound capable of forming a spinel phase and
a soluble compound of trivalent aluminium; a shaping step in
which solid material from the slurry is shaped into a solid
precursor material; a first calcination step in which the pre-
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cursor material is calcined at a temperature of at least 700° C.
to produce a modified aluminium oxide support material
including a metal aluminate spinel phase compound formed
by the metal capable of forming a spinel phase and the alu-
minium oxide; an impregnation step in which the modified
aluminium oxide support material is impregnated with a
source of catalytically active metal; and a second calcination
step in which the impregnated modified aluminium oxide
support material is calcined at a temperature of at least 150°
C. to produce the modified aluminium oxide supported cata-
lyst.

[0015] Preferably, the aluminium oxide is selected from the
group consisting of gamma alumina, delta alumina, theta
alumina, eta alumina, rho alumina and mixtures thereof. Pref-
erably, the aluminium oxide predominantly comprises
gamma alumina. Preferably, the gamma alumina is prepared
by heating boehmite alumina at a temperature sufficient to
convert boehmite alumina to gamma alumina. Preferably, the
boehmite alumina is heated to a temperature in the range of
400° C. to 700° C.

[0016] The metal capable of forming a spinel phase with
aluminium oxide will hereinafter be referred to as “the spinel
forming metal” and is a divalent.

[0017] Preferably, the source of the spinel forming metal
comprises a source of cobalt, zinc, copper, magnesium, cal-
cium, manganese, nickel or iron. Preferably, the source of the
spinel forming metal is a soluble metal salt and is preferably
selected from the group consisting of zinc nitrate, nickel
nitrate, and magnesium nitrate. Preferably the amount of
spinel forming metal added is in the range of 1 to 50 wt %,
expressed as the wt % of the spinel forming metal based on the
total weight of modified support preferably 2 to 20 wt %,
more preferably 3 to 12 wt %.

[0018] A soluble compound of trivalent aluminium is com-
bined in the slurry of alumina and the spinel forming metal.
Preferably, the soluble compound of trivalent aluminium is
selected from the group consisting of aluminium nitrate, alu-
minium chlorohydrol, aluminium sulphate, aluminium chlo-
ride, aluminium acetate, aluminium formate.

[0019] Preferably, mixing the slurry reduces the particle
size of solids in the mixture to a median particle size that is
less then than ten microns, preferably without significant
gelling. The mixing may be conducted in a mill. Preferably,
the mixing reduces the particle size of solids in the mixture to
a median particle size in the range of 1 to 5 pm.

[0020] Preferably, the first calcination step is carried out at
atemperature in the range of 700 to 1300° C., more preferably
at a temperature in the range of 700 to 1050° C., preferably
900 to 1050° C. Optionally, the product from the first calci-
nation step, further comprises alpha alumina.

[0021] Optionally, before the shaping step, the solid mate-
rial is washed at least once. Preferably the washing is per-
formed with water containing less than 300 ppm calcium
and/or less than 300 ppm sodium. Preferably, the material
from the slurry is dried at a temperature in the range of 100 to
400° C. to form particles having a median particle size in the
range of 20 to 100 microns, prior to the first calcination.
Preferably, the drying is carried out in a spray drier. Prefer-
ably, the forming step is selected from the group consisting of
spray-drying, peletization and extrusion.

[0022] The first calcination step may be carried out in sev-
eral calcination steps, each of which covers a part of the
temperature range up to the maximum temperature.
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[0023] A preferred embodiment is constituted by a method
in which the modified aluminium oxide support is produced
by: combining aluminium oxide selected from the group con-
sisting of gamma alumina, delta alumina, theta alumina, eta
alumina and mixtures thereof, a 2-valent and/or soluble com-
pound of a spinel forming metal, or mixture of metals, and a
soluble compound of trivalent aluminium selected from the
group consisting of aluminium nitrate, aluminium chlorohy-
drol, aluminium sulphate, aluminium chloride and mixtures
thereof; reducing the particle size of the solids in the mixture
to a median particle size of less than ten microns; drying the
mixture at a temperature in the range of 100 to 400° C.; and
calcining the dried mixture at a temperature in the range of
700 to 1300° C.

[0024] Preferably, in this method, the particle size of solids
in the mixture is reduced to a median particle size in the range
of'1 to 5 microns, the mixture is dried at a temperature in the
range of 100 to 400° C., and the dried mixture is calcined at a
temperature in the range of 700 to 1050° C. Preferably, the
aluminium oxide is gamma alumina, the spinel forming metal
compound is a metal nitrate salt and the trivalent aluminium
is aluminium nitrate. Preferably, the method includes drying
the mixture at a temperature in the range of 100 to 400° C. to
form particles having a median particle size in the range of 20
to 100 microns prior to the first calcination step.

[0025] Another important step in the catalyst preparation is
the impregnation with catalytically active metal. A number of
different procedures have been described in the literature,
including the case of alternative solvents and chemicals. Pref-
erably, in the present invention, the impregnation step com-
prises an incipient wetness treatment in which an aqueous
solution of the catalytically active metal is mixed with the
modified support material until the pores are filled and the
impregnated modified support material is then dried, prior to
the second calcination step.

[0026] The preferred procedure involves aqueous incipient
wetness with solutions of cobalt nitrate (Co(NO,),) and per-
rhenic acid (HReO,). Alternatives include using cobalt
acetate(s), cobalt halide(s), cobalt carbonyl(s), cobalt oxalate
(s), cobalt phosphate(s), cobalt (hexa)amine salt(s), organic
cobalt compounds, ammonium perrhenate, rhenium halide
(s), rhenium carbonyl(s), industrial metal salt solutions and
organic solvents. However, the impregnation technique may
encompass all available methods besides incipient wetness,
such as precipitation, impregnation from slurry with surplus
liquid, chemical vapor deposition, etc.

[0027] Impregnation may be in a single or multiple steps
from a mixed aqueous solution of appropriate metal salts,
generally of cobalt nitrate and perrhenic acid. Preferably, the
impregnation technique is by the pore filling or “incipient
wetness” method that implies that the solution is mixed with
the dry support until the pores are filled. The definition of the
end point of this method may vary somewhat from laboratory
to laboratory, giving an impregnated catalyst that has a com-
pletely dry appearance to one which appears sticky or snow-
like. However, in no instance is there any free flowing liquid
present. Preferably, the amount of aqueous solution used in
the impregnation is 0.05-2 times larger than the measured
pore volume of the catalyst support.

[0028] The impregnated catalyst is dried, preferably at
80-120° C., to remove water from the catalyst pores before
being calcined at preferably 200-600° C.

[0029] There are several variations to these procedures that
will not affect the essence of the invention. The calcinations in



US 2013/0199966 Al

the present case are preferably performed in a stationary oven
with a certain temperature ramping speed of 2° C./min. It
should be understood that the ramping speed could be varied
and that any standard or specially designed calcination equip-
ment could be applied by adjusting the conditions properly.
Examples of such calcination equipment are continuous or
batch-wise operated rotational calciners and conveyor belt
type calciners.

[0030] Preferably, after impregnation the cobalt content of
the impregnated modified support material is in the range of
3 to 60 wt %, measured as the metal weight of the total
catalyst after reduction, preferably 5 to 30 wt %, more pref-
erably 8 to 18 wt %. Preferably, the impregnated modified
support material is calcined at a temperature in the range 200
to 600° C. Preferably after the second calcination step, the
supported catalyst material is activated. Preferably, the acti-
vation step comprises reduction of a substantial portion of the
catalytically active metal compound present to the metal,
preferably more than 60%, more preferably more than 70%.
Preferably, the reduction is carried out by treating the catalyst
material with a reducing gas. Preferably, the reducing gas is
selected from the group consisting of hydrogen, carbon mon-
oxide and a mixture thereof, optionally mixed with an inert
gas. Preferably, the reduction is carried out at an activation
temperature in the range 20 to 500° C., more preferably in the
range 250 to 400° C.

[0031] Preferably, prior to impregnation, the modified sup-
port has an ASTM attrition modified value of less than 10%,
preferably less than 5%, more preferably less than 2%.
[0032] The present invention extends to a catalyst produced
by a method according to the present invention, which com-
prises a support derived from aluminium oxide in the pres-
ence of a soluble compound of trivalent aluminium, the alu-
minium oxide being modified by the presence of a spinel
phase formed from the aluminium oxide and spinel forming
metal, and impregnated with a catalytically active metal,
whereby the spinel is substantially homogeneously distrib-
uted throughout the aluminium oxide and the catalytically
active metal is absorbed on to the surface of the modified
support particles.

[0033] Preferably, the source of spinel forming metal is
soluble compound. The spinel forming metal preferably com-
prises nickel or zinc and the catalytically active metal is
preferably cobalt. Preferably, the cobalt content of the cata-
lyst is from 5 to 30% by weight, preferably 8 to 18% by
weight. The catalyst may include a promoter, preferably up to
3% by weight. Preferably, the promoter is selected from rhe-
nium and platinum.

[0034] The present invention also extends to a process for
the production of hydrocarbons which comprises subjecting
H, and CO gases to a Fischer-Tropsch synthesis reaction in a
reactor in the presence of the catalyst of the present invention.
[0035] Preferably, the Fischer-Tropsch synthesis reaction
is a three-phase reaction in which the reactants are gaseous,
the product is at least partially liquid and the catalyst is solid.
Preferably, the reaction is carried out in a slurry bubble col-
umn reactor. Preferably, the H, and CO are supplied to a
slurry in the reactor, the slurry comprising the catalyst in
suspension in a liquid including the reaction products of the
H, and CO, the catalyst being maintained in suspension in the
slurry at least partly by the motion of the gas supplied to the
slurry.

[0036] Preferably the reaction temperature is in the range
19010 280° C., preferably 210 to 250° C., and the pressure is
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in the range 10 to 60 bar, preferably 15 to 35 bar. Preferably
the ratio H,/CO of the gases supplied to the Fischer-Tropsch
synthesis reactor is in the range 1.1 to 2.2, preferably 1.5 to
1.95, and the superficial gas velocity in the reactor is in the
range 5 to 60 cm/s, preferably 20 to 40 cm/s.

[0037] Preferably, the product of the Fischer-Tropsch syn-
thesis reaction is subsequently subjected to post-processing.
The post-processing may include de-waxing hydro-isomer-
ization, hydro-cracking and combinations of these.

[0038] The present invention is generally but not exclu-
sively concerned with Co-based catalysts, in particular, sup-
ported Co-based catalysts. A variety of products can be made
by the FT-reaction, but from supported cobalt, the primary
product is long-chain hydrocarbons that can be further
upgraded to products like diesel fuel and petrochemical naph-
tha. Byproducts can include olefins and oxygenates.

[0039] The present invention may be carried into practice in
various ways and will now be illustrated in the following
non-limiting examples.

DETAILED DESCRIPTION OF THE INVENTION

Metal Aluminate Spinel

[0040] The term “metal aluminate spinel” in the context of
the present invention refers to the conventional definition of a
spinel phase, i.e., a crystal structure possessing double oxides
having a formula of AB,O,, wherein A and B each represent
a metal element. The spinel in the present invention is an
aluminate spinel, and therefore metal B is trivalent Al. Metal
A is a divalent metal that varies and depends on the spinel
forming metal source. Spinel structures are crystalline, and
possess a closely packed, oxygen containing cubic lattice
with the A and B metals in interstitial tetrahedral and octahe-
dral holes. The term spinel includes normal spinels, inverse
spinels and disordered spinel. The metal aluminate spinel is
believed to result from the aluminium oxide and spinel form-
ing metal compound capable of forming a spinel phase.

Aluminium Oxide and Alumina

[0041] The terms aluminium oxide and alumina are used
herein to include not only those compositions of Al,O;, but
also aluminium and oxygen-containing hydrous composi-
tions such as aluminium hydroxide, and aluminium oxyhy-
droxide. The aluminium oxide is believed to be a precursor
for the aluminate of the metal spinel when calcined in the
presence of a spinel forming metal. The aluminium oxide is
insoluble and added as a powder, or other solid form suitable
for forming aluminate when calcined in the presence of the
spinel forming metal source.

[0042] Suitable examples of aluminium oxide include,
without being limited to, transitional aluminas, and crystal-
line hydrous alumina, such as crystalline aluminium hydrox-
ide. Suitable transition aluminas include gamma-alumina;
eta-alumina; delta-alumina; theta-alumina, rho-alumina and
any combinations of two or more thereof. These aluminas are
known as anhydrous aluminas. Suitable crystalline alu-
minium hydroxides include precursors to metastable forms of
transition aluminas, such as gibbsite, bayerite, nordstrandite,
and tohdite. Gibbsite (Al(OH);), bayerite (a polymorph of
gibbsite), and nordstrandite are crystalline forms of alu-
minium trihydroxide. Suitable aluminium oxyhdroxides
include diaspore and boehmite (AIOOH).
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[0043] Gamma alumina is a particularly suitable alu-
minium oxide for use in various embodiments of the present
invention. Gamma alumina can be prepared by converting
boehmite alumina to gamma alumina by calcining boehmite
to a temperature of at least 350° C., and more typically in the
range of 400 to 700° C. Desired calcinations can be achieved
in a stationary muftle furnace or a rotary furnace. In the case
of a muffle furnace, the boehmite alumina is heated at a
temperature in the above range for a period of from about 15
minutes to about 24 hours (more preferably from about 30
minutes to about 8 hours and most preferably about 2 hours).
Examples of commercially-supplied boehmite materials suit-
able for forming gamma alumina supports include CATAPAL
and PURAL aluminas supplied by Sasol (formerly Condea/
Vista). Details can be found in U.S. Pat. No. 7,011,809, the
teaching of which is incorporated by reference herein.

[0044] It is particularly advantageous in later processing to
utilize gamma alumina, or to convert boehmite to gamma
alumina to be the aluminium oxide. Using gamma alumina
enables the solids in subsequent processing steps, e.g., in a
dryer, to be relatively high (>20 wt %). Processing the alu-
minium oxide composition at high solids is desirable not only
to attain high production rates, but also to yield a strong
particle of a desired particle size upon spray drying. Typically
about 25-30% solids can be used in this process when alu-
minium oxide is gamma alumina. The aluminium oxide is
typically in powder form having an average particle size in the
range of 10 to 100 microns. The surface area and pore volume
of the aluminium oxide can vary, and these parameters will
dictate the surface area and porosity of the final support. By
way of example, the aluminium oxide can have a surface area
in the range of 100 to 400 m2/g m*/g and pore volume in the
range of 0.2 to 1.2 cc/g.

[0045] The aluminium oxide may be optionally washed,
especially if the aluminium oxide is prepared from sources
containing impurities, such as sulfur, alkali metal and other
metallic species such as calcium. The aluminium oxide can be
washed in deionized aqueous baths at a temperature ranging
from room temperature (25° C.) to 100° C. Washing is typi-
cally carried out with baths in a temperature in the range of 50
to 70° C. When performed, it is preferable to wash the alu-
minium oxide prior to further processing the aluminium
oxide with the soluble metal and other components. Alterna-
tively, it is also possible to perform washing for removal of
impurities after processing the aluminium oxide with the
other components described below, but before forming a
spinel phase.

Metal Capable of Forming Spinel Phase

[0046] Generally, suitable metal compounds capable of
forming a spinel phase are those metal compounds capable of
forming a metal aluminate spinel, and therefore include those
divalent (+2) metals.

[0047] Suitable metals include, but are not limited to, those
+2 valence metals listed in Group HA of the periodic table
including beryllium, magnesium, calcium, strontium, barium
and radium, those of Group IIB ofthe periodic table including
zinc, cadmium and mercury and transition metals including
chromium, manganese, iron, cobalt, nickel and copper. Par-
ticularly suitable metals include, zinc and/or nickel.

[0048] The metal compound chosen above acts to form
spinel phase once it is combined and processed with the
aluminium oxide described below.
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[0049] Suitable compounds containing the metal are
soluble in the medium employed to combine and mix the
metal source with aluminium oxide and the trivalent alu-
minium compound described below. The metal compound is
preferably a salt form derived from either mineral acids, or
organic acids, with nitrate, chloride, and acetate salts being
particularly suitable for aqueous based mediums. Notwith-
standing, the components, including the spinel forming metal
compound, can be combined in organic solvents such as
acetone, methanol, ethanol, dimethyl formamide, diethyl
ether, cyclohexane, xylene, and tetrahydrofuran.

Soluble Trivalent Aluminium Compound

[0050] The soluble AI** compound is one that is soluble in
the medium chosen to combine and mix the aforementioned
components, and should be in a form that, when mixed with
the other components, does not cause significant gelling, e.g.,
reacts with the above components or interacts with the mixing
medium. Choosing a soluble compound, compared to, e.g.,
solid particulate binders, enhances the ability of the com-
pound to intimately mix it with the other components. The
compound can therefore vary depending on the desired prop-
erties of the final support and the properties of the compo-
nents selected to form the metal aluminate spinel. Ionic com-
pounds containing trivalent Al are particularly suitable, and
include aluminium nitrate, aluminium chlorohydrol, alu-
minium chloride, aluminium sulphate. Such ionic com-
pounds can be very effective in binding particles which are
non-peptizable, but possess desirable physical properties
(e.g. surface area, pore volume, and crystallite size).

[0051] A particularly suitable soluble trivalent Al com-
pound is aluminium nitrate, although aluminium sulphate,
aluminium chloride can be used as effectively. Typical load-
ing of the compound is in the range of 2 to 20 wt %, and will
typically be around 10 wt % on a total aluminium oxide basis
in the mixture. Lower loadings of 5% are also effective, with
amounts as low as 3% or less possible with a combination of
mineral or organic acid additives, and the solids content is
such that gelling is not likely to occur.

[0052] Without being held to a particular theory, it is
believed the soluble Al** compound is a binder precursor that
serves to form a binder in the metal aluminate spinel compo-
sition because its addition to the other two components serves
to enhance the final composition’s attrition. The solubility of
the compound permits extensive dispersion and contact with
the aluminium oxide when being mixed, as well as contact
with the spinel as the spinel phase is formed. Once the sub-
sequent processing is completed, e.g., dried and then cal-
cined, to form a final support with a spinel phase, it is believed
that the aluminium nitrate has converted (e.g., been decom-
posed) to an alumina species that binds the metal aluminate
spinel phase (and any transition alumina or other chemical
species present) to form an attrition resistant catalyst support.
[0053] It is envisaged that other components can be
included in the process to act as a binder for the aluminate
spinel composition. It should be understood that the descrip-
tion should not be construed to mean that all of the trivalent
aluminium compound acts as, or converts to a binder.
[0054] The aluminium oxide, the metal compound capable
of'forming a spinel phase, and the soluble trivalent aluminium
compound are added to a suitable medium at room tempera-
ture that can be later mixed, preferably under intimate mixing
conditions, and processed to reduce particle size of solids
present. The components can be added in any order, at a
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temperature in a range of 0 to 100° C. It is preferable that the
temperature is sufficient for the soluble components (spinel
forming metal source and trivalent aluminium) to be dis-
solved in the medium. As mentioned above, the medium can
be aqueous or other media such as the organic media men-
tioned earlier can be used. In an embodiment which the alu-
minium oxide comprises gamma alumina prepared from cal-
cination of boehmite, the soluble components can be directly
added to an aqueous slurry of the gamma alumina, after
calcining the boehmite alumina.

[0055] The relative weight proportions added to the
medium typically are in the range of 65 to 95 wt % as alu-
minium oxide, 2 to 20 wt % as spinel forming metal oxide and
3 to 15 wt % AlI** as oxide.

[0056] The pH of the medium containing the three compo-
nents is preferably less than 5.

[0057] Each of the aluminium oxide component and the
spinel forming metal components may comprise two or more
species of the component. For example, a mixture of two
different aluminium oxides, and/or a mixture of two different
spinel forming metal compounds may be employed to pro-
duce a spinel phase comprising two different metal aluminate
spinels. While not typical, it may be desirable to employ two
or more different soluble trivalent aluminium compounds.
[0058] There may also be included optional components in
addition to these three components. These optional compo-
nents include textural promoters, e.g., lanthana, silica, clay,
phosphorus, and the like.

Mixing

[0059] Once combined in an appropriate medium, the alu-
minium oxide, spinel forming metal compound, and trivalent
aluminium compound are mixed under conditions sufficient
to disperse the components preferably under conditions suf-
ficient to form a slurry. In some embodiments, the compo-
nents are mixed into a well dispersed slurry in order to maxi-
mize contact of the components with one another. A “well
dispersed slurry” can be defined in this context as one in
which the solids in the slurry, do not readily settle and would
for example stay in dispersion for at least fifteen minutes to an
hour before a significant portion of the solids settles. The
dispersion can be carried out at room temperature or higher,
e.g. room temperature to 100° C. The mixing is carried out so
that the components are intimately mixed and can be con-
ducted in a conventional mixer. Without being held to a par-
ticular theory, it is believed that by forming a slurry of the
aluminium oxide and spinel forming metal compound, one
can add other components such as the soluble compound of a
trivalent aluminium, and create a medium that is more readily
conducive to reactions and/or the interaction if the spinel
forming components, with the additional components.
[0060] The mixing is also conducted under conditions such
that no significant gelling occurs, while at the same time
achieve a mixture having relatively high solids going into the
processing steps that form the catalyst support and convert the
mixture to a metal aluminate spinel phase composition.
Indeed, as mentioned above, it is possible and desirable to
produce a mixture having at least 20% by weight solids, and
more desirable to attain about 25 to 30% solids. Such solids
levels are especially achievable when selecting a calcined
alumina as the aluminium oxide. It has been shown that
gamma alumina produced from calcining boehmite alumina
provides a high solids slurry during mixing. It is believed that
higher solids tend to produce a more attrition resistant sup-
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port, and with minimum gelling, the process effectively dis-
perses the trivalent aluminium and results in a less viscous
feed to a dryer.

[0061] Once the components are mixed, the particle size of
the solids, e.g. aluminium oxide, can be reduced to a median
particle size below 10 microns, preferably in a range of 1 to 5
microns. Indeed, the mixing and particle size reduction can be
simultaneously carried out in a high energy mechanical mill,
typically a mill such as a ball mill, a media mill, or a continu-
ous mill such as a DRAIS continuous mill. The particle size
reduction can be carried out at room temperature, although
the medium containing the components can attain higher
temperatures during particle size reduction, e.g. milling. It is
frequently desirable to mix the components simultaneously to
form a slurry and reduce the solids particle size to a size below
10 microns, and preferably to a size in the range of 1 to 5
microns. It is also preferable that simultaneous mixing and
particle size reduction should be conducted under conditions
such that no significant gelling occurs, while at the same time,
achieving a mixture having a relatively high solids content
going into the processing steps that form the catalyst support
and convert the mixture to a metal aluminate spinel phase.

Processing to Metal Aluminate Spinel Phase

[0062] The mixture of aluminium oxide, spinel forming
metal compound and trivalent aluminium compound
described above is then processed to form the metal aluminate
spinel composition. This can be achieved through subjecting
the mixture to a calcination temperature sufficient to produce
a metal aluminate spinel phase. This can be attained by cal-
cination, typically carried out in a furnace (either continuous
rotary type or stationary type) at a temperature in the range of
700 to 1300° C.

[0063] The mixture is generally fed to, or otherwise intro-
duced to, a dryer prior to spinel phase formation, preferably a
spray dryer, to remove the liquid medium, and to form a
particulate having a size sufficient to serve as a support for FT
catalysts. When utilizing a spray dryer, the inlet temperature
of'the dryer can be set at a temperature in the range of 100 to
400° C., and an outlet temperature in the range of 100 to 200°
C. It is desirable that particles recovered from the spray dryer
have a median particle size in the range of 20 to 100 microns.
[0064] The proportion of the overall composition repre-
sented by the spinel phase to some degree depends on the
relative amounts of the spinel forming metal and the alu-
minium oxide added, but also depends on the temperatures
used to process the composition and the amounts of other
components added to the mixture prior to processing.
[0065] Once calcined, the support particles from this pro-
cess typically have an attrition resistance value of less than
10%, more commonly, less than 5%. This attrition resistance
value refers to a modified ASTM 5757 method, and is mea-
sured as follows:

[0066] The equipment consists of two main parts, one air
feeding system and one reactor where the attrition takes
place. Compressed air passes through a pressure regulator (5
bar) to a moisture chamber where the air is moistened to
approximately 30% relative moisture. This is done to avoid
static electricity in the system. The amount of air is then
adjusted in a mass flow controller. The humid air then enters
the reactor through a sieve tray where the holes have a diam-
eter of 0.4 mm. Because of these holes, the gas reaches sonic
velocity, which causes the “wear and tear” on the particles in
the reactor.
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[0067] Reactors used for this testing are known in the art.
Typically, the reactor has an internal diameter of35.6 mm (1.4
inches) and a length of 711 mm (28 inches) and the pressure
is approximately 1.8 bar. After passing through the reactor,
the velocity is lowered in a separation chamber which has an
internal diameter of 112 mm (4.4 inches) and a length of 305
mm (12 inches). There is a conical connection 203 mm (8
inches) between the reactor and the separation chamber.
[0068] Particles >40 um will fall back into the reactor,
while smaller particles <40 um will enter a soxhlet-filter
through a u-formed tubing, connected to the separation cham-
ber via a conical connection 106 mm long (4 inches). A
vibrator is mounted on the separation chamber, to loosen any
particles on the inside walls.

[0069] 50 g of powder or catalyst, sieved to >40 pum before
testing, is loaded to the reactor, and the reactor is connected to
the separation chamber. The air is turned on, and the fines
produced in the reactor and collected in the soxhlet filter are
weighed at given time intervals. A normal run lasts 5 hours
and the amount of fines produced can be plotted against time.
The test is typically run for five hours using a 50 g test sample
of particles sieved to greater than 40 microns. The attrition
resistance value is calculated as percent particles <40 pm
generated after 5 hours.

[0070] Ithas also been shown that the process of this inven-
tion is capable of providing supports with a metal aluminate
spinel phase with an attrition resistance value 5% or less, even
at after calcining at a temperature in the range of 700 to 1050°
C., whereas previously, such attrition resistance values were
only seen for supports with a metal aluminate spinel phase
after calcination at temperatures greater than 1100° C. and
approaching 1300° C.

[0071] It is also possible to measure attrition resistance
using a Davison Index (DI) method. In this method the par-
ticle size of the calcined metal aluminate spinel composition
is measured using a standard particle size analyzer such as a
MALVERN mastersizer. The fraction of particles less than 20
microns is noted. A 7.0 gram sample of the same support is
subjected to a 20 minute attrition in a standard hardened steel
jetcup having a precision bored orifice. An air flow of 21 liters
a minute is used. The particle size after attrition is measured
again and the fraction less than 20 microns is noted. The
Davison Index is calculated as follows

Davison Index =

Fraction of particles less than 20 microns

(Before attrition— After attrition)

Fraction of particles less than 20 microns before attrition

[0072] The composition of the preferred support material
comprises a metal aluminate spinel phase as can be evidenced
by x-ray diffraction (XRD). The metal aluminate spinel peaks
in a XRD pattern can usually be seen for compositions heated
to at least 700° C., the temperature at which one typically first
sees formation of the spinel phase. These peaks become
sharper for compositions heated at higher temperatures along
the range of 700 to 1300° C. The composition may also
comprise an alumina phase, primarily alpha alumina, depend-
ing on the starting aluminium oxide, the amount of the spinel
forming metal compound present, and the temperature at
which the mixture is processed. Varying amounts of other
transition phase alumina may also be present, again depend-
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ing on the starting aluminium oxide, and the temperature at
which the mixture is processed. In some embodiments, con-
verting all reactive alumina in the starting aluminium oxide,
or otherwise produced during processing, to alpha alumina
may be desirable in order to reduce reactive surfaces capable
of deactivating catalyst metal species added later when pro-
cessing the support to a finished catalyst. These embodiments
would therefore require calcination temperatures of at least
1000° C., the temperature above which gamma alumina tran-
sitions to alpha alumina. In other embodiments, it may be
desirable to maintain some level of higher surface area and
higher pore volume alumina, e.g., gamma alumina, in order to
provide either more surface area for greater dispersion of
catalytic species or more pore volume for higher loading of
catalytically active metal species. It is therefore possible to
choose lower calcination temperatures to ensure a larger
amount of gamma, and at the same time produce an attrition
resistant support at lower temperatures.

[0073] Thepresent invention allows for flexibility in select-
ing particular features for a support. For example, calcining
the mixture to a temperature in the range of 900 to 1300° C.
enables an attrition resistance support to be obtained which
has increasing amounts of alpha alumina as 1300° C. is
approached, thereby likely increasing the life of the catalyst
utilizing the support because there is less alumina surface
capable of deactivating the catalytic metal. On the other hand,
calcining the mixture to a temperature in the range of 700 to
900° C., still results in an attrition resistant support, but with
higher surface area and higher pore volume because the sup-
port will contain larger amounts of higher surface transition
alumina (other than alpha alumina). Indeed, it may be desir-
ableto calcine the mixture at a temperature in the range 0£ 950
to 1050° C. to attain a balance of features from both of the
previous two variants.

FT Catalyst

[0074] Once the catalyst support with spinel phase is
formed, it can then be processed to include catalytic metal
species suitable for catalysis of FT synthesis. Such metals
include catalytic metal selected from among the Group 8
elements of the Periodic Table, such as iron (Fe), ruthenium
(Ru), and osmium (Os); Group 9 elements, such as cobalt
(Co), rhodium (Rh), and iridium (Ir); Group 10 elements,
such as nickel (Ni), palladium (Pd), and platinum (Pt); and the
metals molybdenum (Mo), rhenium (Re), and tungsten (W).
The catalytic metal more preferably comprises cobalt, iron,
ruthenium, nickel, or combinations thereof. The catalytic
metal still more preferably comprises cobalt, iron, ruthenium,
or combinations thereof. Most preferably, the catalytic metal
comprises cobalt.

[0075] The amount of catalytic metal present in the catalyst
may vary widely. When the catalytic metal is cobalt, the
catalyst may have cobalt in an amount totaling from about 1%
to about 50% by weight (as the metal) of total catalyst com-
position (catalytic metal, support, and any optional promot-
ers), more preferably from about 5% to about 40% by weight,
still more preferably from about 7 to about 37% by weight,
and most preferably from about 10 to about 30% by weight.
An iron containing catalyst however may comprise about 5 to
about 75 wt. % iron, preferably from about 10 to about 60 wt.
% iron, more preferably from about 20 to about 50 wt. % iron.
Ruthenium catalyst can comprise about 0.01 to about 5 wt. %
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ruthenium, preferably from about 0.5 to about 4 wt. % ruthe-
nium, more preferably from about 1 to about 3 wt. % ruthe-
nium.

[0076] Catalysts prepared using the preferred support may
also comprise promoters. The promoter may vary according
to the catalytic metal. A promoter can be an element that also,
in an active form, has catalytic activity in the absence of the
catalytic metal. Such an element is considered a promoter
when it is present in the catalyst in a lower wt % than the
catalytic metal, and it enhances the performance of the cata-
lyst in FT synthesis. Suitable measures of the performance
that may be enhanced include selectivity, activity, stability,
lifetime, reducibility and resistance to potential poisoning by
impurities such as sulfur, nitrogen, and oxygen.

[0077] Suitable promoters vary with the catalytic metal and
can be selected from Groups 1-15 of the Periodic Table of the
Elements. A promoter can be in elemental form. Alterna-
tively, a promoter can be present in an oxide compound.
Further, a promoter can be present in an alloy containing the
catalytic metal. Except as otherwise specified herein, a pro-
moter is preferably present in an amount to provide a weight
ratio of elemental promoter:elemental catalytic metal of from
about 0.00005:1 to about 0.5:1, preferably from about
0.0005:1 to about 0.25:1 (dry basis). When the promoter
comprises a metal from Groups 7, 8, 9, and 10 of the Periodic
Table such as rhenium, ruthenium, platinum, or palladium,
the weight ratio of elemental promoter:elemental catalytic
metal may be between about 0.00005:1 and about 0.05:1.

[0078] A catalyst comprising the preferred support can be
prepared using various techniques. Without limitation,
examples of suitable methods include impregnating a catalyst
material onto the support of the present invention, extruding
the stabilized support together with the catalyst material to
prepare catalyst extrudates, spray-drying the catalyst material
and the support from a solution containing both, and/or pre-
cipitating the catalyst material onto a support. The supported
catalysts may be used in the form of powders, particles,
pellets, monoliths, honeycombs, packed beds, foams, and
aerogels. The catalyst material can include any one or any
combination of a catalytic metal, a precursor compound of a
catalytic metal, a promoter, and a precursor compound of a
promoter. The most preferred method of preparation may
depend, for example, on the desired catalyst particle size.

[0079] The preferred support for the catalyst of this the
present invention addresses several issues exhibited by prior
supports and their methods of manufacture. It is appreciated
that metal aluminate spinel has a lower propensity for reac-
tion with catalytically the active metal added to the support.
However, the preferred support adds additional benefits by
providing a binding component and processing step compat-
ible with the process of producing a spinel composition such
that the attrition problem associated with spinels that have not
been calcined are overcome. The process further provides an
attrition resistant spinel composition at more moderate tem-
peratures and lower metal content compared to calcined attri-
tion resistant spinel phase containing supports known in the
art, which in turn reduces the expense of manufacturing the
support, while also providing the manufacturer with a wider
range of options in equipment the manufacturer uses. For
example, if a manufacturer decides to calcine a metal alumi-
nate spinel composition at high temperature to attain attrition
resistance, the manufacturer has to select particular equip-
ment capable of handling high temperatures. Highly calcined
metal aluminate spinel phases unfavorably interact, e.g.,
adhere, with the processing equipment’s metal surfaces (e.g.,
stainless steel) at very high temperatures.
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[0080] To further illustrate the present invention and its
advantages, the following specific examples are given. The
examples are given as specific illustrations of the claimed
invention. It should be understood, however, that the inven-
tion is not limited to the specific details set forth in the
examples.

[0081] All parts and percentages in the examples, as well as
the remainder of the specification, which refers to solid com-
positions or concentrations, are by weight unless otherwise
specified. However, all parts and percentages in the examples
as well as the remainder of the specification referring to gas
compositions are molar or by volume unless otherwise speci-
fied.

EXAMPLES
Modified Aluminium Oxide Support Preparation

Comparative Examples 1 and 2

[0082] In these examples gamma-alumina is modified by
metal salt impregnation and high temperature calcination to
achieve materials that have stronger resistance to attrition and
abrasion in a slurry environment, as described by Rytter et. al
(WO 2005/072866). These materials were prepared by one-
step incipient wetness impregnation of aqueous solutions of
nickel- or zinc nitrate hexahydrate to obtain nominal amounts
of 15% zinc and 10% nickel. The technique is the same as
described earlier for preparing catalysts. The impregnated
materials were dried for 3 h at a temperature of 110° C.
During drying, the materials were stirred every 15 min during
the first hour and every 30 min during the next two hours.
After impregnation and drying, the samples were calcined at
1140° C. for 16 h.

Examples 3 to 9

[0083] In these examples, the method of the invention is
used to prepare modified aluminium oxide materials with
stronger resistance to attrition and abrasion. Details of prepa-
ration for the material of Example 3 is as follows:

[0084] A commercial pseudo boehmite such as Pural SB
from Sasol (called Pural 1 in Table 1) was first calcined at
approximately 550° C. to yield y-alumina. Separately, 14 kg
of DI water was weighed in a drum to which e.g. 6 kg of
aluminium nitrate (13.6% alumina) was added. About 7.5 kg
of calcined alumina described above was added to the mixture
of water and Al-nitrate solution with constant agitation.
Finally, e.g. 1.64 kg of a commercially available Zn-nitrate
solution (22.8% ZnO) was added to the above mixture. An
intimate contact of alumina, binder and divalent metal nitrate
(Zn-nitrate) was obtained in a high energy mechanical mill.
The resulting milled particle size was around 1.5 microns.
The milled slurry was dried in a spray dryer with an outlet
temperature of around 120° C. to obtain microspheroidal
support particles. A portion of the microspheres was calcined
in an oven at 900° C. for 4 hours to obtain Zn-aluminate
support. Ni-aluminate support was prepared in the same man-
ner, but using Ni-nitrate crystals (GFS chemicals, 25.7%
NiO) instead of Zn-nitrate.

[0085] The other modified aluminium oxide materials in
Example 4-9 given in Table 1 were obtained by changing the
amount of dopant (zinc nitrate or nickel nitrate) and calcina-
tion temperature.

Catalyst Preparation

Examples 1 to 9

[0086] The catalysts of Examples 1-9 contain a normal
amount of 12 wt % Co, 0.5 wt % Re, as calculated assuming
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reduced catalysts with complete reduction of cobalt. The [0090] The present invention has been described with ref-
actual metal loading as determined by XRF or ICP may vary erence to the presently preferred embodiments thereof. It is
by up to 10%, e.g. for a catalyst with nominal loading of 12 wt not intended that the present invention be limited by the
%, the actual amount of cobalt can vary between 10.8 and  preferred embodiments. Instead, itis intended that the present
13.2 wt % of the total reduced catalyst weight. The catalysts invention be defined by the following claims.
were preparedby one-step incipient wetness co-impregnation 1. A method of producing a modified aluminium oxide
of different nickel- or zincaluminate supports with aqueous - .
. . . . supported catalyst, the method comprising the steps of:
solutions of cobalt nitrate hexahydrate and perrhenic acid. formi ) by mixine alumini d al
The freshly prepared catalysts were dried for 3 h at a tem- ormmgda 5 ungi Y FFXIHg a umlmurlrl OhXI & aI(Iile a Tollalll-
perature of 110° C. During drying, the catalysts were stirred pound capable ot lorming a.sl?me. phase, and a soluble
every 15 min during the first hour and every 30 min during the compound of trivalent aluminjum;
next two hours. After impregnation and drying, the samples a sqhd material from the slurry into a solid precursor mate-
were calcined at 300° C. for 16 h. rial;
calcining the precursor material at a temperature of at least
Catalyst Testing 700° C. to produce a modified aluminium oxide support
[0087] The fixed bed testing was performed in a laboratory mater;afl mdl(lidéng‘t E metetll la lumuﬁl te ?)fmel Phase cgmi
unit with four parallel fixed-bed reactors. 1.7 g of catalyst plolun O(Iimlf ly e meta CEP? ¢ ot lorming a spine
particles in a size fraction between 53 and 90 microns was _ phasean thea uminium ox1ae; .
mixed with 20 g of inert SiC. Reduction was performed in situ impregnating the modified alqmlmum 9x1de support mate-
at 350° C. for 16 h in hydrogen before a mixture of hydrogen pal with a source Qf catalytlc.al.ly active metal to form an
and CO atratio 2:1 was added. After 20 h on stream at210° C. 1mpregnated modified aluminium oxide support mate-
and 20 bar total pressure, the space velocity was adjusted to rial; and
give an estimated conversion level of CO between 45 and calcining the impregnated modified aluminium oxide sup-
50% after 100 h. It is very important to perform selectivity, as port material at a temperature of at least 150° C. to
well as activity, comparisons at the same level of conversion, produce the modified aluminium oxide supported cata-
as the level of steam generated in the reaction has a profound lyst.
influence on the catalyst performance. 2. The method of claim 1, wherein the aluminium oxide is
selected from the group consisting of gamma alumina, delta
Results . . : . .
alumina, theta alumina, eta alumina, rho alumina, and mix-
[0088] tures thereof.
TABLE 1
All catalysts have 12% Co and 0.5 Re.
Spinel
forming
Example Alumina** metal Tcalel Aluminate  Attrition Rel
No. Alumina* SA/PV*¥*  compound  (°C.) SA/PV* (%) RA C5+
1 Pural2 170/0.73  15% 1140 13/0.15 6.8 0.67 0.981
(comp.) Zno
2 Pural2 170/0.73  10% 1140 18/0.17 3.0 0.78 0973
(comp.) NiO
3 Purall 190/0.51  4.5% NiO 600 178/0.28 173 0.54 0878
4 Purall 190/0.51 4.3%Ni0 1000  85/0.24 0.98  0.53 0.906
5 Pural2 170/0.73 8% 1000 46/0.23 2.3 0.82 0951
ZnO
6  Pural3 160/0.84 8% 1000 76/0.41 33 0.85 0.932
ZnO
7 Pural2 170/0.73 5% 1000 40/0.22 0.9 0.89 0.950
ZnO
8  Pural3 160/0.84  4.9% 1000 72/0.40 3.1 0.87 0.922
ZnO
9 Pural2 170/0.73 5% 900 93/0.24 12 0.85 0.922
ZnO

*Pseudo-boehmite alumina.
**Pseudo-boehmite alumina calcined to 550° C.
*##%Surface area (SA) given in mz/g and pore volume (PV) given in cmS/g.

[0089] The results given in Table 1 show that the catalysts
of'the present invention have good Fischer-Tropsch activities
and attrition resistances comparable or better than those of
Examples 1 and 2. The results demonstrate the manufacture
of modified support materials achieved at much lower tem-
peratures than previously known in the art, providing the
manufacturer a wider range of options in equipment. In par-
ticular, the benefit of lower temperatures needed for achiev-
ing the same resistance to attrition is of great importance.

3. The method of claim 2, wherein the aluminium oxide
predominantly comprises gamma alumina.

4. The method of claim 3, wherein the gamma alumina is
prepared by heating boehmite alumina at a temperature suf-
ficient to convert boehmite alumina to gamma alumina.

5. The method of claim 4, wherein the boehmite alumina is
heated to a temperature in the range of 400° C. to 700° C.

6. The method of claim 1, wherein the spinel forming metal
compound is a 2-valent metal compound.
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7. The method of claim 6, wherein the spinel forming metal
compound is selected from compounds of cobalt, zinc, cop-
per, magnesium, calcium, manganese, nickel, iron, and mix-
ture thereof.

8. The method of claim 7, wherein the spinel forming metal
compound is a soluble metal salt selected from the group
consisting of zinc nitrate, nickel nitrate, and magnesium
nitrate.

9. The method of claim 1, wherein the amount of spinel
forming metal compound added is in the range of 1 to 50 wt
%, expressed as the wt % of the spinel forming metal based on
the total weight of modified support.

10. The method of claim 1, wherein the soluble compound
of trivalent aluminium is selected from the group consisting
of aluminium nitrate, aluminium chlorohydol, aluminium
sulphate, aluminium chloride, aluminium acetate, aluminium
formate, and mixtures thereof.

11. The method of claim 1, wherein mixing the slurry
reduces the particle size of solids in the mixture to a median
particle size that is less than ten microns.

12. The method of claim 11, wherein the mixing is without
significant gelling.

13. The method of claim 11, wherein the mixing is con-
ducted in a mill.

14. The method of claim 11, wherein the mixing reduces
the particle size of solids in the mixture to a median particle
size in the range of 1 to 5 microns.

15. The method of claim 1, wherein the shaping step com-
prises drying the said material at a temperature in the range of
100 to 400° C. to form particles having a median particle size
in the range of 20 to 100 microns.

16. The method of claim 15, wherein the drying is carried
out in a spray drier.

17. The method of claim 1, wherein the forming step is
selected from the group consisting of spray-drying, peletiza-
tion and extrusion.

18. The method of claim 1, further comprising washing the
solid material before the shaping step.

19. The method of claim 20, wherein the washing step is
performed with water containing less than 300 ppm calcium
and/or less than 300 ppm sodium.

20. The method of claim 1, wherein the calcining the pre-
cursor material step is carried out at a temperature in the range
of 700 to 1300° C.

21. The method of claim 1, wherein the calcining the pre-
cursor material step is carried out at a temperature in the range
of 700 to 1050° C.

22. The method of claim 21, wherein product from the
calcining the precursor material step, further comprises alpha
alumina.

23. The method of claim 1, wherein the calcining the pre-
cursor material step is carried out in several calcination steps,
each of which covers a part of the temperature range up to the
maximum temperature.

24. The method of claim 1, wherein the modified alu-
minium oxide support is produced by: combining aluminium
oxide selected from the group consisting of gamma alumina,
delta alumina, theta alumina, eta alumina, rho alumina and
mixtures thereof, a 2-valent soluble compound of spinel
forming metal or mixture of metals, and a soluble compound
of trivalent aluminium selected from the group consisting of
aluminium nitrate, aluminium chlorohydol, aluminium sul-
phate, aluminium chloride and mixtures thereof; reducing the
particle size of the solids in the mixture to a median particle
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size of less than ten microns; drying the mixture at a tempera-
ture in the range of 100 to 400° C.; and calcining the dried
mixture at a temperature in the range of 700 to 1300° C.

25. The method of claim 24, wherein the particle size of
solids in the mixture is reduced to a median particle size in the
range of 1 to 5 microns, the mixture is dried at a temperature
in the range of 100 to 400° C., and the dried mixture is
calcined at a temperature in the range of 700 to 1050° C.

26. The method of claim 25, wherein the aluminium oxide
is gamma alumina, the compound of spinel forming metal is
a metal nitrate salt and the trivalent aluminium is aluminium
nitrate.

27. The method of claim 26, further comprising drying the
mixture at a temperature in the range of 100 to 400° C. to form
particles having a median particle size in the range of 20 to
100 microns prior to the step of calcining the precursor mate-
rial.

28. The method of claim 1, wherein the support material is
porous, the porous support material is modified by treatment
with a divalent metal, the source of catalytically active metal
is cobalt, and prior to the cobalt impregnation step, the modi-
fied support material has a specific surface area in the range of
30 to 80 m?/g.

29. The method of claim 28, wherein the porous support
material is modified by treatment with a divalent metal and
prior to the cobalt impregnation step, the modified support
material has a pore volume below 0.5 ml/g.

30. The method of claim 1, wherein the impregnation step
comprises an incipient wetness treatment wherein an aqueous
solution of the catalytically active metal is mixed with the
modified support material until the pores are filled and the
impregnated modified support material is then dried, prior to
the step of calcining the impregnated modified aluminium
oxide support material.

31. The method of claim 30, wherein the amount of aque-
ous solution used in the impregnation is 0.05 to 2 times larger
than the measured pore volume of the catalyst support.

32. The method of claim claim 31, wherein the drying is
carried out at 80 to 120° C.

33. The method of claim 1, wherein the source of catalyti-
cally active metal comprises a source of cobalt.

34. The method of claim 33, wherein the source of cobalt is
selected from the group consisting of cobalt nitrate (Co(NO;)
»), cobalt acetate(s), cobalt halide(s), cobalt (hexa)amine salt
(s) and organic cobalt compounds.

35. The method of claim 34, wherein after the impregna-
tion step, the cobalt content of the impregnated modified
support material is in the range of 3 to 60 wt %, measured as
the metal weight of the total catalyst after reduction.

36. The method of claim 1, wherein the impregnated modi-
fied support material is calcined at a temperature of up to 600°
C. in the step of calcining the impregnated modified alu-
minium oxide support material.

37. The method of claim 1, further comprising activating
the supported catalyst material after the step of calcining the
impregnated modified aluminium oxide support material.

38. The method of claim 37, wherein the activation step
comprises reduction of a substantial portion of the catalyti-
cally active metal compound present to the metal.

39. The method of claim 38, wherein the reduction is
carried out by treating the catalyst material with a reducing
gas.
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40. The method of claim 39, wherein the reducing gas is
selected from the group consisting of hydrogen, carbon mon-
oxide and a mixture thereof.

41. The method of claim 38, wherein the reduction is
carried out at an activation temperature in the range 20 to 500°
C.

42. The method of claim 1, wherein prior to the impregna-
tion step, the modified support has an ASTM attrition value of
less than 5%.

43. A catalyst material produced by the method of claim 1,
wherein the catalyst material comprises a support derived
from aluminium oxide in the presence of a soluble compound
of trivalent aluminium, the aluminium oxide being modified
by the presence of a spinel phase formed from the aluminium
oxide and spinel-forming metal, and impregnated with a cata-
Iytically active metal.

44. The catalyst of claim 43, wherein the spinel phase is
substantially homogeneously distributed throughout the alu-
minium oxide and the catalytically active metal is absorbed or
adsorbed on to the surface of the modified support.

45. The catalyst of claim 43, wherein the spinel forming
metal is nickel and the catalytically active metal is cobalt.

46. The catalyst of claim 45, wherein the cobalt content of
the catalyst is from 8 to 18% by weight.

47. The catalyst of claim 43, wherein the catalyst material
comprises less than 3% by weight of a promoter.

48. The catalyst of claim 47, wherein the promoter is
selected from rhenium and platinum.

49. A method for the production of hydrocarbons, compris-
ing:

forming a slurry by mixing aluminium oxide, a metal com-

pound capable of forming a spinel phase, and a soluble
compound of trivalent aluminium;

shaping a solid material from the slurry into a solid precur-

sor material;

calcining the precursor material at a temperature of at least

700° C. to produce a modified aluminium oxide support
material including a metal aluminate spinel phase com-
pound formed by the metal capable of forming a spinel
phase and the aluminium oxide;

impregnating the modified aluminium oxide support mate-

rial with a source of catalytically active metal to produce
an impregnated modified aluminium oxide support
material;
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calcining the impregnated modified aluminium oxide sup-
port material at a temperature of at least 150° C. to
produce the modified aluminium oxide supported cata-
lyst; and

subjecting H, and CO gases to a Fischer-Tropsch synthesis

reaction in a reactor in the presence of the modified
aluminium oxide supported catalyst.

50. The method of claim 49, wherein the reactor is a three-
phase reactor in which the reactants are gaseous, the product
is at least partially liquid and the modified aluminium oxide
supported catalyst is solid.

51. The method of claim 50, wherein the reaction is carried
out in a slurry bubble column reactor.

52. The method of claim 51, wherein the H, and CO are
supplied to a slurry in the reactor, the slurry comprising the
catalyst in suspension in a liquid including the reaction prod-
ucts of the H, and CO, the catalyst being maintained in sus-
pension in the slurry at least partly by the motion of the gas
supplied to the slurry.

53. The method of claim 52, wherein the reaction tempera-
ture is in the range 190-280° C.

54. The method of claim 53, wherein the reaction tempera-
ture is in the range 210-250° C.

55. The method of claim 54, wherein the reaction pressure
is in the range 10 to 60 bar.

56. The method of claim 55, wherein the reaction pressure
is in the range 15 to 35 bar.

57. The method of claim 52, wherein a H,/CO ratio of the
gases supplied to the Fischer-Tropsch synthesis reactor is in
the range 1.1 to 2.2.

58. The method of claim 57, wherein the H,/CO ratio is in
the range 1.5 to 1.95.

59. The method of claims 52, wherein a superficial gas
velocity in the reactor is in the range 5 to 60 cm/s.

60. The method of claim 59, wherein the superficial gas
velocity is in the range 20 to 40 cm/s.

61. The method of claim 52, further comprising subjecting
the product of the Fischer-Tropsch synthesis reaction to post-
processing.

62. The method of claim 61, wherein the post-processing is
selected from de-waxing, hydro-isomerization, hydro-crack-
ing, and combinations thereof.
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