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PROCESS FCR HYDROCARBON SYNTHESIS

The present invention relates to a method Zor the
preparation of a catalyst o- catalyst precurso~, the
catalyst or catalyst precursor obtainable by the metnhod,
and to the use of such catalyst in a process for
producing normally gaseous, normally licuid and
opticnally solid hydrocarbons from synthesis gas
generally provided from a hydrocarbonaceous feed, for
example a Flscher-Tropsch process.

Many documents are known describing processes for the
catalytic conversion of (gaseous) hydrocarbonaceous
feedstocks, especially methane, natural gas and/or
associated gas, into liquid products, especially methanol
and liquid hydrocarbons, particularly paraffinic
hydrocarbons. In this respect often reference is made to
remote locations and/or off-shore locations, where direct
use of the gas, e.g. through a pipeline or in the form of
liquefied natural gas, is not always practical. This
holds even more in the case of relatively small gas
production rates and/or fields. Reinjection of gas will
add to the costs of 0il preduction, and may, in the case
of associated gas, result in undesired eZfects on the
crude ©il production. Burning of associated gss has
become an undesired option in view of depletion of
hydrocarkon sources and air pollution,

The Fischer-Tropsch process can be used as part of
the conversion of hydrocarbonaceouas feed stocks into
liguid and/or solid hydrocarbons. Generally the feed
stock (c.g. natural gas, associatecs gas and/or coal-sed
methane, coal) is converted Zn a first step into a

mixture of hydrogen and carbon monoxide (this mixture is
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often referred to as synthesis gas or syngas). Tae
synthesis gas is then fed into a reactor where it is
converted in one or more stevs over a suitable catalyst
at elevated temperature and osressure inte ccempounds
ranging from methare tc high molecular weight modules
comprising up to 2C0 carbon atoms, or, under particular
circumstances, ever more, (ard water).

Catalysts used in the Fischer-Tropsch synthesis often
comprise a carrier based support material and one or more
metals from Group VIII of the Periodic Table, especially
from the cobalt or iron grouos, optionally in combination
with one or more metal oxides and/or metals zs promoters
selected from zirconiumr, titanium, chromium, vanadium and
manganese, especially ranganese. Such catalysts are known
in the art and have been described for example, in the
specifications of WO 97002312 and US 4595703.

Catalysts can se prepared by obtaining a metal
hydroxide, carefully oxidisirg iz to the metzl oxide ard
then placing it in the approvoriate reactor where it is
reduced to tae metal in situ.

Ore catalyst fcr Fischer-Tropsch reactions is cobalt
in titania. In one way to prepare the catalyst, ccobalt
hydroxide (Cc(OH)») can be used as a starting material.
This material is dried, calecined and then decomposed to
form cobzlt coxide (CoO). It is then imcregnated onto a
suoport, for example titania. The cobalt is turtaer
oxidised (Co304) ard then placed in a Fischer-Tropsch
rcactor. In the rcactor the cobalt oxide is reduced to
cobalt.

Hitherto, there hzs been no consideration of contrecl
over the comoination of the catalyst metal such as

cobalt, and a promoter(s). Thus, the present combinations
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made have a relatively wide variation of concentrations
of the constituents in each unit or crystal of catalyst
formed. Such varied material therefore requires a wide
variation in the conditions, especially temperature, for
reduction of the (precursor) catalyst material to provide
the elemental cobalt on the support carrier. But, a wide
variation in reduction conditions also leads to some
catalyst forming other (unwanted) species, e.g. cobalt
titanate, which cannot catalyse and is therefore
unproductive. To avoid such unwanted species, it has been
preferable to minimise the variation in reduction
conditicns, even though at least some of the catalyst or
catalyst precursor will not become activated, The loss of
potential activity is currently accepted as necessary
wastage in the art.

However, control of the co-formation of the, for
example, cobalt and a promoter(s) would enable a more
controlled reduction activation process. This would lead
to a decrease in the wastage of cobalt that is not
suitably transformed into elemental cobalt. That is, an
increase in the amount of catalyst material that is
properly formed and activated, hence an increase in the
efficiency of the catalyst material per volume of support
carrier, and hence, in many ways, an increase in the
efficiency and production of the overall process and

reactor.

It is one object of the present invention to provide
this,

According to one aspect of the present invention, there is provided a method for the .
preparation of a Fischer-Tropsch catalyst or catalyst precursor comprising:
(a)  admixing:

(i) a carrier material;

AUTI2I99784 hRITK
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(1i) a crystalline solid soluticn of a copalt
compound and one or more d-metal compounds and
cptionally one or more co-catalysts cr
precursors therecZ; and

(iii) cptionally a liquid;

(b) forming the mixture of szep (a); and

(¢) opticnally drying and/or calcining the product of
step (b),

whereby 90% or more of the crystals in the crystalline
solid scluticn comprises 1 to 10 wt%, crefersbly 3 to

7 wt%, more preferably 4 to 5 wt% of d-metal, calculated
on the total weight of d-metal atoms and cobzlt atoms per
single crystal.

According to another aspect of the present inventicn,
there is provided a catalyst or catalyst precursor
obtainable by a method accorcing to the present
invention. According tc even anocther aspect of the
present invention, there is vrovided the use of a
catalyst according to the present invention in a process
for producing normally gaseous, normally liquid and
opticnally sclid hydrocarbens from synthesis gas
generally provided from a hycrocarbonaceous feed, for
example & Fischer-Tropsch process.

A crystalline solid soluzion is defined as a solid-
state scluticn of one cr more sclutes in a solvent,
whereby the crystal structure of the sclvent remains
practically uanchanced oy the addition o the solutes, and
whereby the mixture rerains in a single homogeneous
phase. The X-ray diffraction patzern of a crystalline
solid soluticn is characteristic of the diffraction
pattern of the host lattice. In this case, a numder of

the cobalt cations are replaced by d-metal cstions. Such
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n

d-metzl caticns are thus substituted fer host lattice
ions.

By using a solid solution of which 90% or moze of the
crystals comprises 1 tc 10 wt%, preferably 3 to 7 wts,
more preferadly 4 to 4 wt% of d-metal, calculated on the
total weight of d-metal atoms and cobalt atoms per sincle
crystzl, there is a significant reduction in the
variation of the ratio of the promoter(s)/co-catalystis),
and the Group VIII metal(s). The variation of
concentretions of the promoter(s)/co-catalyst(s), and the
Group VIII metal(s) in each unit or crystal of catalyst
or catalyst precursor formed is significantly reduced.
With reducticn in the ratio variation in the (precursor)
catalyst material, there is a significant reduction in
the verletion of conditions reeded to activate tae
catalyst or catalyst precursor, especially temperature
and time. Thus, there is a significant increcse in the
amount of catalyst or catalyst precursor which is
properly activated, and so a significant reduction in the
amount that is not properly activated.

Improved activation provides (a) better catalytic
activity in ase, ard (2) improved Cs+ selectivity; that
is, less metiaane ard Cp_4 hycdrocarbons, and less carbon

dioxide produced.

Tre formation cf = crystalline solid sclution,
generzlly being a single phase which has a compositicn
between two end member ratios, is known in the art.
Crystelline scolid solutions can, tor cxample, bce made by
means of co-precipitation. As a specific example of co-
precipitetion can be mentioned a method in which a
relatively large amount of cobalz ions and a relatively

small amount of marnganese lons are dissolved in a liquid,
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e.qg. water, followed by increasing the pH so that
hydroxides precipitate. The obtained sclid solution has a
crystal structure like cobalt hydroxide with some cobalt
ions being replacec by manganrese ions.

Preferably the crystalline solid solution used in a
method according to the present invention is in the form
of a hydroxide, carbonate, acetate, citrate, nitrate,
oxyhydroxide or oxide, preferably hydroxide.

Ir a praferred embodimenz the cryszalline solid
solution is a crystalline sclid soluticn in which 90% or
more, preferably 9£% or more, such as 396%, 97% or even
98%, of the solid solution is wizhin a standard deviation
of 3, 2, or less, preferably within 1, more preferably
less than 1 such as 0.9, 0.8 or 0.7, from the mean solid
solution value. The mean solid solution value can be
determined, for example, by means of bulk chemical
analysis methods, for example with induction coupled
plasmz (ICP), X-ray fluorescence (XRF), wet chemistry, or
with Energy Jisperse X-Ray (EDX) using a wide radiationr
bundle so that more than 100, preferably more than 100C
crystals are analysed per measurement.

Ir a praferred embodimenz the cryszalline solid
solution is a crystalline solid soluticn in which 90% or
more, preferably 95% or meore, such as 96%, 97% or even
98%, of the solid solution is within + 40%, preferably
30%, more preferably 20% and even more preferably 10 or
even 5%, of the mean elemental weight oZ each component.
PreZerably, the mean elemental weight is the desired
welght of each component in the solid solution.

Ir a preferred embodimenz, the crystalline sclid
solution comprises a ccbalt compound and one or more d-
metal compounds, the mean elemental weight of the d-

metal(s) being 5 wt%, calculated on the total weight of
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cobalt and d-metal atoms. In a highly creferred
embodiment, the crystalline solid sclution comprises a
cobalt compound anc a ranganese compound, the mean
elemental welght of manganese being 5 wt%, calculated on
the total weight of cocalt ard manganese atoms.

Ir a preferred embodimenz at least a substantial
majority of the crystals in the crystalline solid
solution comprise a weight of d-metal at or near 5%,
calculated on the total weight of d-metal atoms and
cobalt atoms per single crystal.

Prysical propertiss, especially the variation of
concentration of the censtituents, of a catalyst or
catalyst precursor prerpared according to the present
invention can, for exanple, be deducted from an elemental’
welght comparison of the catalysz material on a single
particle crystal lsvel. There are varicus technigues,
including EDX (Energy Zisperse X-Ray), which can analyse
materials at the single particle or crystal level, so as
to determine the single particle or crystal compositiors.
Using TEM (Transmission Electronic Microscopy) a nunmber
of crystzls can be selected for which the chemical
composition is to be determired by EDX. Preferably for at
least 10 crystals, more preferably for at lesst 15
crystels the chemical ceomposition is measured. Taese
measurements can be used to cetermine the deviation from
the mean elemental weight of each component per single
crystzsl.

Trhe standard deviztion fcr the homogeneity is based
on the veriation of the mass weight of the promoter (s)
and/or co-catalyst (s) compared to the mass weight of such
material (s) and the Grcup VIII metal(s) combined. It will

be appreciated by those skilled in the art that this is a
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very exacting stancard deviation for the compesition at a
single perticle level cf a mixture of substances.

Tre desired mass weight cof the promoter({s) and/or co-
catalyst(s) can be set to be a particular or appropriate
percentage within the Group VIII metal(s), or 1s more
usually defined as a percentage range, preferably a
limited percentage range such as a few percent. Thus, the
homogeneity c¢f the homegeneous solid sclution can be
measured as the percentage of cazalyst which falls within
that percentage or percentage range.

In a preferred embodimenz, the carrier material Zs a
refractory metal oxide or precursor thereof, more
preZerably a refractory metal oxide, most preferably
titania.

Trhe present invention prcvides use of a catalyst
having minimam variaticn in its composition of two or
more components. With minimum variation there is
increzsed activation at a particular temperature, and
there is therefore increased catalytic activity and
percentage conversion cf synthesls gas into desired
hydrocarbon preducts.

The present invention can also provide a catalyst
having improved selectivity oZ desired hydrocarbon
products, e€.9. Cs+, with a complementary reduction in

unwanted products such as COz and CHy.

Methods of preparing homcgeneous solid sclutions
between two cr mors corpounds and/or elements are knowr
in thc art. CGencral methods oI preparing catelysts and
catalyst precursors are also known in the art, see for
example US 4409131, US 57836C7, US 5502019, WO 0176734,
CA 1166655, US 5862856 and US 5783604. These include

preparation oy co-precipitation and impregnation. Such

-10-
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preocesses couald also include Zreezing, sudden temperattre
changing, etc. Control of the component ratio in the
solid solutien can be provided by parameters such as
residence time, temperature control, concentration of
each component, etc.

However, t has not hitherto been recognized that the
preparation ¢f a catalyst or catalyst crecursor can be
perZormed using a crystalline scolid soluticn, let alone
that it can nave ar influence on the variation in
activetion, and on the amount of properly activated
catalyst ready for a process Zor producing hydrocarbens
from synthesis gas.

The process of the present invention is particularly,
but not exclusively, a Fischer-Tropsch reaction. Fischer-
Tropsch catalysts are znown in the art, and &s a
Group VIII metal component, they preferably use cobalt,
ircn znd/or ruthenium, more oreferably cobalt.

References to “Groups” and the Periodic Table as used
herein relate to the previous IUPAC version of the
Periodic Table of Elements such as that described in the
68th Edition of the Handbook of Chemistry and Physics
(CPC Press). This uses the American CAS System.

Tre Croup VIII catalytically active metal may be
present with one or more metals or metal oxides as
promoters, more particualarly one or more d-metals or
d-metel oxides.

Stitable netal oxide promoters may be selected from
Grcups IIA, IIIB, IVB, VB, VIB, VIIB and VIIIB of the
Periodic Table of Elements, or the actinides and
lanthenides. In particualar, oxides of magnesium, calcium,
strontium, barium, scandium, yttrium, lanthanum, cerium,
titanium, zirconium, hafnium, thorium, uranium, wvanadium,

chromium and mangarese are most suitable promoters.

-11-
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,lo,

Stitable metal promoters may be selected Zrom
Groups VIIB or VIII of the (same) Pericdic Teble.
Manganese, iron, rheniuam and Group VIII noble metals are
particularly suitable, with olatinum and palladiuam being
escecially preferrsed. The amount of promoter present in
the cetalyst is suitably in the range oZ from 0.0l to
100 pbw, preferably 0.5 to 20, more preZerably 1 to
20 pbw, per 100 pbw of carrier.

Suitable co-catalysts include one or more matals such
as iron, nicxel, or one or more noble metals from
Group VIII. Freferred noble metals are platinum,
palladium, rhodium, ruthenium, iridium and osmium. Most
preZerred co-catalysts for use in Fischer Tropsch are
iren znd/or ruthenium. Most oreferred co-catzlysts for
use in hydro-cracking are those comprising platinum. Such
co-catalysts are usually present in small amounts.

A most suiltable cztalyst comprises cobalt as the
catalytically active metal ard zirconium as z promoter.
Ancther most suitable catalyst comprises cobslt as the
catalytically active metal ard manganese and/or vanadium
as a promoter.

Ary promoter (s) are typically present in an amount of
frem 0.1 to 60 parts by weight per 100 parts by weight of
a carrier material., It will however be appreciated that
the optimum amount of promoter(s) may vary for the
respective elements which act as promoter(s). If the
catalyst comprises cobalt as the catalytically active
metal and manganese and/or vanadium as promoter, the
cobalt : (manganese + vanadium) atomic ratioc is
advantageously at least 1Z2:1.

Ir one zmbodiment of the present invention, the solid
solution comprises the promoter (s) and/or co-catalyst(s)

having a concentration in the Group VIII metel(s) in the

-12-
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range 1-10 atom%, preferably 3-7 atom%, and more
preZerably 4-6 atom%.

Ir another embecdiment of the present invention, the
solid soluticn is in the form of a hvdroxide, carbeonate,
acetate, citrate, ritrate, oxyvhydroxide or oxide,
preZerably hydroxice.

For example, with cobalt as the active component, the
cobalt and manganese, cr other d-metal or metals as
promoter, has the zobalt and manganese present as a solid

solution of these metals, with the formula (Co,Mn) (CH)z

if being a hydroxice. In this cobalt compound not only is
the amount of manganese is fixed to a narrow range in
concentration, e.g. 5 wt% Mn on zotal weight of Co and
Mn, but zlso the amount of the d-metal per individual
hydroxide crystal is fixed irn a narzow range. This avoids
the presence of crystals beirg poor in manganese, which
crystals will be reduced teoo early, and the presence of
crystels rich in manganese that will bhe reduced too late
during activation of the catalyst or catalyst precursor.
The invention also relates to other tyces of (poorly
soluble) chemicals Ln which Lhe promoler/d-melals can
form solid seclutiors, such as (Co,Mn) (CO3), (Co,Mn)O(QL),
(Ce,Mn)0 and the spinel (Co,Mn)s30g4.

1he catzlytically active metal is preferably
suzported on a porous carrier. The porcous carrier may be
selected from any of the suitable refractory metal oxices
or silicetes or combinations thereof known in the art.
Particular examples of preferred porous carriers incluce
silica, slumina, titania, zirconia, ceria, gsllia and
mixtures therecf, especially silica and titania.

The cptimum amcunt of catalytically active metal

present on a carrier depends inter alia on the specificz

-13-
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712,

catalytically active metal. Typically, the amount of
cobalt present in the catalyst may range from 1 to

100 parts by weight per 100 varts by weight of carrier
material, preferably from 5 to 50 parts by weight per
100 parts by weight of carrier material.

Tre carrier and solid solution could be admixed Zn
any form or way known, and then formed (or shaped). Ths
admixture may, for example, be extruded, pelletized, or
spray-dried. Any forming or shaping process may 2e usec
which results in particles that retain the resulting
shape during transportaticn and under reaction
conditions. A preferred forming methed is extrusion.

Wren the forming is perfcrmed by means of extruslon,
tyociczlly a liquid is added to the mixture. In that case
the liquid is preferably added to the mixture after
admizing and before or durinc exzrusion.

The liquid may be any of suitable liquids known In
the art, for example: water; ammonia, alcohols, such as
methanol, ethanol and propanol; ketones, such as acetore;
aldehydes, such as propanol and aromatic solvents, such
as toluene, and mixtures of the aforesaid liquids. A most
convenient and preferred liquid is water.

Tre liquid may include viscosity improvers such as
polyvinylalcohol.

Tre catalytically active metal and the promoter (s)/
co-catalyst (s), may be deposited on a carrier material by
a suitable treatmert, such as impregnation, kneading ard
extrusion. After deposition oZ the metal and the promoter
on the carrier material, the loaded carrier is typically
subjected to calciraticns at a temperature of generally
from 250 to 750 °C, preferably a temperature in the rarge
of Zrom 350 to 550 °C. The efZfect of the calcinations

treatment is to remove crystal watez, to decompose

-14-
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volatile deccmposition products and to convert organic
and inorganic compounds to thelir respective oxides. After
calcinations, the resulting catalyst may be zctivated by
contacting the catalyst with hydrogen cor a hydrogen-
containing gas, typically at temperatures of about 200 to
350 °C.

A steady state catalytic hydrocarbon synthesis
prccess may oe performed under conventional synthesis
conditions known ir the art. Typically, the catalytic
conversion may be sffected at a Zemperature in the rance
of Zrom 100 to 600 °C, preferably from 150 to 350 °C,
more preferably from 180 to 270 °C. Tycical total
pressures for the catalytic conversion process are in the
range of from 1 to 200 bar absolute, meore preferably fron
10 to 70 bar absclute. In the cazalytic conversion
prcocess mainly (at least 70 wt%, preferably %0 wt%) of
Cg+ hydrocaroons are fermed, based on the total weight of
hydrocarbonaceous prodiacts formed.

Ir ancther way, the present invention provides a
process for producing normally gasecus, normzlly liquic
and opllonally normally solld hydrocarbons [rom synlheslis
gas which comprises the steps of:

(1) providing the syrthesis gas; and

(i1) catalytically corverting the synthesis gas of

step (1) at an elevated temperature and pressure to
obtain the normally gaseous, normally liquid and
opticnally normally solid hycrocarbons;

wherein the catalyst fcr steo (ii) is formed from a solid
solution of cne or more promoters and/or co-catalysts in
one or more Croup VIII metals, and 90%, preferably 95% of
the solid solution is within a szandard devistion of 3, 2

or less, preferably within 1, from the mean solid

-15-
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solution value of the elemental weights of the
components.

The present invention also provides a prccess further
comprising:

(iii) catalytically hycrocracking highex beiling range
paraffinic hydrocarbons produced in step(ii),

as well &s hydrocarbons whenever provided by a process as
described herein.

The present invention alsc provides use oI a catalyst
as defined herein in a process for producing normally
gasecus, normally liquid and opticnally normelly solid
hydrocarbons from synthesis cas which comprises the steps
of:

(i) providing the syrthesis gas; and

(i1) catalytically corverting the synthesis gas of
step (i) at an elevated temperature and pressure to
obtain the normally gaseocus, normally liquid and
optionally normally solid hycrocarbons.

Fischer-Tropsch synthesis is preferably carried out
at a temperature ir the range from 125-150 to 350 °C,
more preferaoly 175 to 273 °C, most preZerably 130 to
270 °C. The pressure preferably ranges Zrom 1-5 to
150-200 bar abs., more preferably from 10 to 70 nar abs.

Preferably, a Tischer-Trecpsch catalyst is used, which
yields substantial quantities of paraffins, more
preZerably substantially unbranched paraffins. A part may
boil zbove tae boiling point range of the sco-called
middle distillates, to normally solid hydrocerbons. A
most suitable catalyst for this purpose is a cobalt-
containing Fischer-Tropsch catalyst. The term “middle
distillates”, as used nerein, is a -eference to
hydrocarbon mixtures of which the boiling point range

corresponds substantially to that of kerosene and gas oil

-16-
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fractions obtained in a conventional atmospheric
distillation of crude mineral oil. The boiling point
range of middle distillates cenerally lies within the
range of abouat 150 to about 260 °C.

Tre higher boiling range paraffinic hydrccarbons if
present, may be isolated and subjected teo a catalytic
hydrocracking step, which is known per se in the art, to
yvield the desired middle distillates. The catalytic
hydrocracking is carried out by contacting the paraffiric
hydrocarbons at elevated temoerazure and pressure and in
the presence ¢f hycrogen with a catalyst containing cne
or more metals having aydrogenation activity, and
supported on a carrier. Suitable hydrocracking catalysts
include catalvsts comprising metals selected from Groups
VIB and VIII of the (same) Pericdic Table of Elements.
PreZerably, the hycdrocrackinc cazalysts contain one or
more noble metals from Croup VIII. Preferred noble metals
are platinum, palladiur, rhocium, ruthenium, iridium, and
osmium. Most preferred catalysts for use in the
hydrocracking stage are those comprising platinum.

The amount of catzlytically active metal present in
the hydrocracking zatalyst may vary within wide limits
and is typically ir the range of from about (.05 to about
5 varts by weight per 100 parts by weight of the carrier
material. Suitable conditions for the catalytic
hydrocracking are known in the art. Tyoically, tae
hydrocracking is effected at a temperature in the range
of Zrom zbout 175 to 400 °C. Typical hydrogen partial
pressures applied in tae hydrocracking process are in the
range of from 10 to 250 bar.

The process may be operazed in a single pass mode
("once through”) or in a recycle mode. Slurry bed

reactors, ebulliating bed reactors and Zixed bed reactors
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may be used, the fixed bed reactor being the preferred
option.

The product of the hydrocarbon synthesis and
consequent hydrocracking suitably comprises mainly
normally liguaid hydrocarbons, beside water and normally
gaseous hydrocarbors. 2y selecting the catalyst and the
preocess conditions in such a way that especizlly normally
licuid hydrocarbons are obtained, the sreduct obtained
(“syncrude”) may transported in che licuid form or ke
mixed with any stream cf cruce oil without creating any
prcblems as to solidification and or crystallization of
the mixture. It is observed in this respect that the
preduction of heavy hydrocarbons, comprising large
amcunts of seclid wax, are less suitable for mixing with
crude oll while transpcrt in the liquid form has to be
done &t elevated temperatures, which is less desired. The
off gzs of the hydrocarbon synthesis may comprise
normally gaseous hydrocarbons produced in the syathesis
process, nitrogen, uncenverted methane and other
feedstock hydrocarbons, unconverced carbon monoxide,
carbon dioxide, hydrogen and water. The normslly gaseous
hydrocarbons are suitanly Cq_g hydrocarbons, preferably
C1_1 hydrocarbons, more preferably C1_3 hydrocaroons.

These hydrocarbons, or mixtures thereof, are gasecus at
temperatures of 5-30 °C (1 bar), especially zt 20 °C

(1 bar). Further, oxygenated compounds, e.g. methanol,
dimethyl ether, may be presert in the cZf gas. The off
gas mey be utilizcec for the osroduction of clcctrical
power, 1in an expancing/combustion process such as in a
gas turbine described nerein, or recycled to the process.
The energy generated in the orocess may be used for owrn

use or for export to lccal customers. Part of an energy
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could be used for the compression of the oxygen
containing gas.

The process as just describad may be combinad with
all possible embodiments as cescribed in this
specificetion.

Steam generated by any s-art-up gas turbine and/or
steam generated in step (i) may also be used to preheat
the reactor to be used in step (ii) and/or may be used to
create fluidizatior in the case that a Zluidized bed
reactor or slurry bubble column is used in step (ii).

Ary percentage mentioned in this description is
calculated on total weight or volume of the compositior,
unless indicated differently. When not mentioned,
percentages are corsidered to be weight percentages.
Pressures are indicated in bar absolute, unless indicated

differently.

Examples

By way of example only, the following are figures for
the manganese variation per single crystal in Co/Mn
hydroxide co-precipitate samoles. The amount of manganese
per crystal is expressed as the weight% of Mn, calculated
on the total weight of Co ancd Mn atoms per single
crystel. Samples A, B and C are crystalline solid
solutions suitable for use ir the current invention, The
measurements have been performed using EDX. The average
manganese content for samples A, B and C was calculatec
from the particles analysed. The deviation in manganese
content for each particle analysed was calculated as

deviation from the average manganese content.
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m/m m/m m/m
vn/ (Co+Mn) Mn/ (Co+Mn) Mn/ (Cc+Mn)
particle # | Bample A % | Sample B Sample C
1 2.8 5.5 4.2
2 4.1 6.2 6.1
3 4 5 5.8
4 3.6 5.4 4.6
5 6 3.1 5.4
6 8.2 8.5 5.9
7 6.1 6.8 5
8 4.4 4.9 6
9 5.9 6 5.4
10 i.5 3.4
11 3.4 5
12 4.6 5.8
13 13.6 4.9
14 5.1 4.7
15 4,7
16 5.6
17 5
18 4.6
19 5.5
zveragest 5.7 5.5 5.4
dev 2.76 1..8 0.66
Figure 1 of the accompanying drawings shows a

comparison between the activation of a prior art

cobalt/menganese catalyst material

Sample C as definec abcve

measured in terms of the amount or concentration of water

-20-
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being detected at the reactor outlet, the water oveing the
resultant product as hence irdicator of the zctivation of
cobalt oxide (formsd from the cobalt hydroxide) as it is
converted into the elemental metal.

As can clearly be seen from Figure 1, the reduction
time required for Sample C declines ragidly from about
35 hours, and is wholly or substantially complete at 7C
or 75 hours. In cortrast, 1t can be seen that the
activation of the prior art catalyst material, wailst
also declining from 35 hours or so, declines at a much
gentler rate, such that at 70 hours, there is still
significant water produaction occurring therefrom. Indeed,
this water production nas still not ceased at 95 hours,
showing that there is s3till a percentage of prior art
catalyst material to be activated.

It is desired to minimise the reduction time to
minimise the creation cf such other compounds. Extendec
reduction time leacs tc increasing amounts of other
compounds being formed in the reduction, such as cobalt
titanate and/or over-reduced cobalt metal (being less
selective as catalyst), which is undesired.

Morecver, it can be seen that whilst the reduction of
Sample C catalyst is finishecd at 80 hours, and is
substentially finished at 70 hours, this is clearly not
so Zor the prior art material. Szopping the reduction of
the prior art material at 70 hours leads it to still
include = significant percentage of unreduced material,
which is again not desired as this can lead to undesired
products being formed in the reactor uson use of the
catalyst material.

Figure 2 of the accompanying drawings shows catalyst
activity in a Fischer-Tropsch reactor of four different

catalysts, and is based on activity co-efficient over
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time under ccmparable reactor conditions (i.e. based on
comparison with a theoretical reference catalyst
activity). Line 1 shows activity of a catalyst material
not properly reduced, showinc its weak activity from the
start. Line 2 shows the same catalyst materizl as used in
line 1, following proper reduction under prior art
conditions. The improved catalytic activity is clear to
see.

Line 3 shows an improved prior art catalyst material
following proper reducticon. Eowever, line 4 is use of
Sample C as definec abcve uncer the same reactor
conditions. Its catalyst activity is clearly better than
any prior art catalyst material, which better activity,
once the start-up time is complezed, is superior to any
of the prior art catalyst materials over the whole
running time of thes test.

Figure 3 of the accompanying drawings shcws a
comparison of the Cg- selectivity of the same materials
used in lines 3 anc 4 c¢f figure 2, in a Fischer-Tropsch
reactor over time. As can be clearly seen, line 4, which
is Lhe use ol Sample C as dellned above, shows an
imoroved Cg+ selectivity comcared with the prior art
catalyst material of line 3. Thaz 1is, Sample C creates
less methane and Cp;_, aydrocarbons, and more useful
products which are desired.

Tre informaticn in the figures confirms that by using
a wholly or substartially homogeneous solid solution,
with z significant redaction in the variation of the
ratio of the comporents, there are significant increases
in the activity anc selectivity of the catalyst material

under comparable conditions, which, in an industrial

22-




WO 2008/061970 PCT/EP2007/062540

scale process, leacs tc substantially increased output

and reduced runninc costs.
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The claims defining the invention are as follows:

I. A method for the preparation of a Fischer-Tropsch catalyst or catalyst
precursor comprising:

(a) admixing:

(i)  acarrier material;

(i) a crystalline solid solution of a cobalt compound and one or more d-
metal compounds and optionally one or more co-catalysts or precursors
thereof; and

(iii) optionally a liquid;

(b) forming the mixture of step (a); and

(¢c) optionally drying and/or calcining the product of step (b),

whereby 90% or more of the crystals in the crystalline solid solution comprises 1 to
10 wi%, calculated on the total weight of d-metal atoms and cobalt atoms per single
crystal.

2. The method according 1o claim 1, wherein 90% or more of the crystals in the
crystalline solid solution comprises 3 to 7% of d-metal, calculated on the total weight of
d-metal atoms and cobalt atoms per single crystal.

3. The method according to claim |, wherein 90% or more of the crystals in the
crystalline solid solution comprises 4 to 6% of d-metal, caleulated on the total weight of
d-metal atoms and cobalt atoms per single crystal.

4. The method according to any one of claims | to 3, wherein the carrier
material is a refractory metal oxide or precursor thereof.

5. The method according to any one of claims | to 3, wherein the carrier
material is a refractory metal oxide.

6. The method according to any one of claims | to 3, wherein the carrier
material is titania.

7. The method according to any one of claims 1 to 6, wherein the d-metal
compound, or one of the d-metal compounds, is a manganese compound.

8 The method according lo any one of the preceding claims, wherein the solid
solution is in the form of a hydroxide, carbonate, acetate, citrate, nitrate, oxyhydroxide or
oxide.

9. The method of any one of claims 1 to 7, wherein the solid solution is in the
form of a hydroxide.

10. The method according to claim 8, wherein the solid solution comprises

(Co,Mn)(OH),, (Co,Mn)(CO3), (Co,Mn)O(OH), (Co,Mn)O, or (Co,Mn);04.

ABTNI799780 DRTK
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11.  The method according to claim 8, wherein the solid solution comprises (Co,
Mn)(OH),.

12.  The method according to any one of the preceding claims, wherein the mixing
of step (a) is performed by spray-drying, pressing, and/or extrusion.

13. The method according to any one of claims 1 to 11, wherein the mixing of
step (a) is performed by extrusion.

14.  The method of any one of claims | to 13, wherein 95% or more of the
crystalline solid solution is within a standard deviation of 1 from the mean solution value.

15.  The method of any one of claims | to 13, wherein 95% or more of the
crystalline solid solution is (1) within a standard deviation of 0.8 from the mean solution
value; or (2) within a standard deviation of 0.7 from the mean solution value.

16. A Fischer-Tropsch catalyst or catalyst precursor obtainable by a method
according to any one of claims 1 to 15.

17. A Fischer-Tropsch catalyst or catalyst precursor oblained by a method
according 10 any onc of claims 1 to 15,

18. The Fischer-Tropsch or catalyst precursor according to claim 16 or 17
comprising iron and/or ruthenium as co-catalysts.

19.  The Fischer-Tropsch catalyst or catalyst precursor according to claim 16 or
17, comprising up to 10 wi% of iron and/or ruthenium, caluclated on the total weight of
cobalt in the catalyst or catalyst precursor.

20.  The usc of a catalyst according to any one of claims 16 to 19 in a process for
producing normally gascous, normally tiquid and optionally normally solid hydrocarbons
from synthesis gas which process comprises the steps of:

(i)  providing the synthesis gas; and

(i) catalytically converting the synthesis gas of step (i) at an elevated temperature
and pressure to obtain the normally gascous, normally liquid and optionally normally
solid hydrocarbons.

Dated 30 June, 2010
Shell Internationale Research Maatschappij B.V.

Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON

AH2N2T99T84 1 RTK
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