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Description

Technical field

The present invention concerns the field of catalysts used for
reactions for the synthesis of hydrocarbons from a gas mixture
comprising carbon monoxide and hydrogen, generally referred to
as Fischer-Tropsch synthesis, and more particularly a process
for the preparation of a catalyst comprising an active phase
comprising at least one metal from group VIII, preferably

cobalt, and an oxide support, preferably silica-alumina.

Prior art

It is well known to the man skilled in the art that synthesis
gas can be converted into hydrocarbons 1in the presence of a
catalyst containing metals from group VIII of the periodic
table of elements such as iron, ruthenium, cobalt and nickel
which catalyse the transformation of a CO and Hz; mixture
referred to as synthesis gas (that is to say a mixture of
carbon monoxide and hydrogen), possibly diluted with carbon
dioxide or any other diluent alone or in the form of a mixture
such as methane, nitrogen or ethane, into hydrocarbons which
are solid, 1liquid or gaseous at ambient temperature. That

process is known by the name of Fischer-Tropsch synthesis.

Different methods have been described and developed 1in the
prior art to improve +the ©preparation of Fischer-Tropsch
catalysts based on cobalt supported by different supports. The
most widely used supports being alumina, silica and titanium

dioxide, sometimes modified by additional elements.

US No 6 806 226 describes by way of example cobalt-based
catalysts. The cobalt-based Fischer-Tropsch catalysts
described there suffer however from the disadvantage that they
do not have a homogeneous cobalt distribution either in the
catalyst grains or at the surface of the catalyst. The poor

surface distribution of the cobalt occurs in the form of
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agglomeration and enrichment in cobalt at the surface and
forms an external layer which is also referred to as the

crust.

Indeed, when using catalyst in the form of particles of a
granulometry of less than 500 um in processes of slurry bubble
column type homogeneous distribution and in particular the
absence of crust 1is generally desirable. In fact, using a
slurry process gives rise to a substantial mechanical stress
for the catalyst, the distribution of the active metal in the
form of a crust makes it more sensitive to attrition effects
and may cause a loss of active metal with the passage of time.
Excessively advanced aggregation of the metal at the periphery
of the catalyst can also give rise to a loss in selectivity
linked to stearic stresses (metal crystallites which are
excessively aggregated together) limiting the growth of
hydrocarbon chains and causing degradation of Cs+ selectivity
(and consegquently the probability of chain growth which is
also referred to as alpha from the theoretical works of
Anderson, Schulz and Flory which are well known to the man

skilled in the art) in the hydrocarbon synthesis reaction.

The conventional procedures for preparation of catalysts used
for Fischer-Tropsch synthesis generally comprise the following
stages: impregnation of the support, drying, calcination and

possible reduction.

A number of patents thus describe methods for the preparation
of the catalysts used in Fischer-Tropsch synthesis, which are
based on those conventional procedures and which aim to
improve the distribution of cobalt in order to make it more
homogeneous in the catalyst and to avoid the formation of a

crust.

In recent years numerous authors have also shown that one of
the key parameters governing catalytic performances was the
production of catalysts having a size of crystallites of metal

from group VIII and preferably cobalt which is an optimum and
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is preferably between 6 and 10 nm in dependence on the support
used and the operating conditions (Bezemer et coll. Cobalt
particle size effects in the Fischer-Tropsch reaction studied
with carbon nanofiber supported cobalt, JACS 2006, 128, 3956).
There are many means available for controlling the size of
those crystallites and the distribution in respect of size, it
is indeed known to use different cobalt precursors (for
example cobalt acetate), different additives (glycols ..),
drying under vacuum or calcining 1in different atmospheres
(calcination in NO/0Oz, WO02007/071899 Al, in H2) (Batholomew et
coll, The stoechiometrics of H2 and CO adsorptions on cobalt:
effects of support and preparation J Catal, 85, 63-77 (1984)).

One of the ways of controlling the size, the size distribution
of the crystallites and also their level of aggregation may

involve optimising the drying and calcination conditions.

US No 6 806 226 describes a catalyst obtained by vacuum
impregnation and partial wvacuum drying at a temperature of
between 60°C and 95°C, followed by calcination at a temperature
0of between 75°C and 400°C with a temperature ramp of between
0.5°C/min and 1°C/min for hourly space velocities (HSV) of at
least 1 m® of air/(Kg Co(NOz):, 6H20*h). That patent provides
the possibility of much faster calcination with a temperature

ramp of 100°C/min to eliminate nitrates if the HSV is higher.

The disadvantage of those procedures 1s that the catalyst
still contains a great deal of water on issuing from the
drying stage (partial drying 1is claimed) as all the water
afforded by the impregnation operation 1is not removed. The
presence of that water gives rise to the risk of
disadvantaging homogeneous distribution of the cobalt in and

at the surface of the catalyst.

The document EP2 407 237 discloses a process for the
preparation of a Fischer-Tropsch catalyst allowing to obtain a
homogeneous distribution of the active phase in the support by

controlling the drying conditions.
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Therefore the object of the present invention is to remedy one
or more of the disadvantages of the prior art by proposing a
process for the preparation of a catalyst comprising an active
phase comprising at least one metal from group VIII selected
from cobalt, nickel, ruthenium and iron, alone or as a
mixture, and an oxide support which can be used in a Fischer-
Tropsch synthesis process, having improved activity and
selectivity which 1s maintained in respect of Cb+ in the
Fischer-Tropsch synthesis process due to better control of the
mean size of the crystallites of elements from group VIII and
a better distribution of the metal from group VIII in the
interior of the catalyst grains and at the surface thereof,
this causing a reduction in the quantity of cobalt present in
the form of crust easily extracted from the catalyst by

attrition.

In fact the applicant surprisingly discovered that a rapid
drying stage under specific conditions made it possible to
better control the mean size of crystallites of oxide of metal
from group VIII and in particular cobalt oxide (Coz04) and the

level of aggregation thereof.

An object of the present invention is therefore to provide a
process for the preparation of a catalyst which can be used in
a Fischer-Tropsch synthesis process, said process, by virtue
of the use of that specific rapid drying mode, permitting the
production of catalyst having crystallites of elements of
oxide from group VIII of a size which is better controlled and
an improvement in the homogeneity of the metal from group VIII
in and in particular at the surface of the catalyst by totally
eliminating the crust present at the periphery of the catalyst

grains.

Another object of the present invention 1s to provide a
preparation process permitting the production of a catalyst
which 1s highly active and selective in the Fischer-Tropsch

synthesis process.
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Summary of the invention

A subject of the present invention concerns a process for the
preparation of a catalyst comprising an active phase
comprising at least one metal from group VIII selected from
cobalt, nickel, ruthenium and iron, alone or as a mixture, and
an oxide support selected from alumina or silica-alumina, said
process comprising at least the 1linked sequence of the

following stages:

- a stage for impregnation of said oxide support, said stage
for impregnation being realised by at least one solution
containing at least one precursor of said metal of group VIII

selected from cobalt, nickel, ruthenium and iron,

- a rapid drying stage in which said impregnated oxide support
is entrained by means of a gas, salid impregnated oxide support
being subjected in said stage to a temperature rise ramp of
between 250 and 600°C/min, the residence time of said
impregnated oxide support in said drying stage being between 1

second and 1 minute, and

- a stage for calcination of said impregnated and dried oxide
support, said stage for calcination being realised at a
temperature comprised between 320 and 460 °C, and for a period

of between 15 minutes and 15 hours,

in order to obtain a catalyst in oxide form in which the metal

of group VIII is homogeneously distributed.

An advantage of the preparation process according to the
invention is that it permits the production of catalyst which
has a mean size of crystallites of metal from group VIII of

less than 12 nm.

The attraction of the invention lies in the implementation of

a specific drying stage, referred to as the rapid drying
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stage, which 1s independent of the calcination stage and
carried out after the impregnation stage or each of the
impregnation stages of the preparation process according to
the invention. In fact, implementation of said drying stage
makes 1t possible to avoid migration of the metal from group
VIII and preferably cobalt at the surface of the grains of the
support, which would form a crust, and also avoids the
formation of aggregates of the metal from group VIII and

preferably cobalt within the catalyst grains.

Thus said rapid drying stage performed ©prior to the
calcination stage in the preparation process according to the
invention permits both highly efficient drying and the
avoidance of the formation of a crust of metal from group VIII
and preferably cobalt at the surface of the particles of the
catalyst prepared in that way, and thus permits an improvement
in the distribution of the metal from group VIII and
preferably cobalt within the catalyst particles.

There is also decribed a process for Fischer-Tropsch synthesis
from a mixture of carbon monoxide and hydrogen using a
catalyst prepared according to the preparation process
according to the invention, said Fischer-Tropsch synthesis
process operating at a temperature of between 190 and 240°C, at
a total pressure of between 1 and 5 MPa and with an H;/CO molar

ratio of between 1.5 and 2.5.

Description of the invention

According to the invention the process for the preparation of
a catalyst comprising an active phase comprising at least one
metal from group VIII selected from cobalt, nickel, ruthenium
and iron, alone or as a mixture, and an oxide support selected
from alumina or silica-alumina, said process comprising at

least the linked sequence of the following stages:

- a stage for impregnation of said oxide support, said stage

for impregnation being realised by at least one solution
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containing at least one precursor of said metal of group VIII

selected from cobalt, nickel, ruthenium and iron,

- a rapid drying stage in which said impregnated oxide support
is entrained by means of a gas, salid impregnated oxide support
being subjected in said stage to a temperature rise ramp of
between 250 and 600°C/min, the residence time of said
impregnated oxide support in said drying stage being between 1

second and 1 minute, and

- a stage for calcination of said impregnated and dried oxide
support, said stage for calcination being realised at a
temperature comprised between 320 and 460 °C, and for a period

of between 15 minutes and 15 hours,

in order to obtain a catalyst in oxide form in which the metal

of group VIII is homogeneously distributed.

Hereinafter throughout the text the term drying is used to
denote a heat treatment stage making it possible to obtain a
solid with a loss on ignition (LOI) at 1000°C of between 7 and
20% and not giving rise to the formation of crystallised

cobalt oxide which can be detected by X-ray diffraction.

The term calcination is used to denote a heat treatment stage
permitting total decomposition of the nitrates and
transformation of all the counter-ions of metallic salts of
the metal from group VIII (for example for cobalt, the

precursor Co(NO3)2), to cobalt oxides.

According to the invention the <catalyst prepared by the
process of the invention comprises an active metallic phase
comprising at least one metal from group VIII selected from
cobalt, nickel, ruthenium and iron, alone or as a mixture.
Very preferably the active phase comprises cobalt. The active
phase 1s advantageously deposited on an oxide support. In the
case where the active phase comprises at least one metal from

group VIII selected from cobalt, nickel, ruthenium and iron,
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the content of metal from group VIII is advantageously between
1 and 60% by weight with respect to the weight of catalyst,
preferably between 5 and 30% by weight with respect to the
weight of the catalyst and very preferably between 10 and 30%
by weight with respect to the weight of the catalyst. In the
case where the active phase comprises ruthenium the metallic
ruthenium content 1s between 0.01 and 10% by weight with
respect to the weight of the catalyst and very preferably
between 0.05 and 0.5% by weight with respect to the weight of
the catalyst. The active phase o0f the catalyst prepared
according to the process of the present invention also
advantageously comprises at least one additional metal
selected from platinum, palladium, rhenium, ruthenium,
manganese and tantalum and very preferably selected from
platinum, ruthenium and rhenium. The additional metal or
metals is or are preferably present in a content of from 0.01
to 2% by weight, preferably 0.02 to 0.3% by weight of metal
with respect to the weight of the catalyst.

The oxide support of the catalyst prepared by the process
according to the invention, on which the active phase 1is
deposited, 1is advantageously selected from simple oxides and
preferably from alumina (Al:03), or silica and alumina. Very
preferably the oxide support 1is formed by silica-alumina. In
that case the support formed by silica-alumina preferably
comprises 1 to 30% by weight of silica with respect to the
total weight of the support. The silica-alumina is homogeneous
on the micrometre scale, preferably homogeneous on the

nanometre scale.
According to the invention the linked sequence o0f the
impregnation, drying and calcination stages 1is performed at

least once.

Preferably the linked sequence of the impregnation, drying and

calcination stages is performed in that order.

The number of linked sequences depending on the desired final
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content of the element from group VIII and the initial pore
volume of the oxide support used, said 1linked sequence of

stages can be performed as many times as necessary.

The ©preparation process according to the invention may
optionally comprise a stage for stabilisation of said oxide
support in order to form a spinel structure between a metal
selected from cobalt, nickel, magnesium, calcium and zinc and
the oxide support, said stabilisation stage being carried out
prior to the linked sequence of the impregnation, drying and
calcination stages, said stage for stabilisation of said oxide

support consisting of:

- impregnation, preferably dry, of said oxide support,
preferably by an aqgueous solution of one or salts of a metal
selected from cobalt, nickel, magnesium, calcium and zinc so
as to impregnate a content of metal of between 1 and 10% by

weight with respect to the total mass of the final catalyst,

- drying of said impregnated oxide support, and

— calcination of said dried impregnated oxide support, said
calcination operation being performed in one stage in air at a
temperature of between 700 and 1200°C, for a period of between
1 hour and 24 h, or in two stages at a temperature of between
300°C and 600°C in air for a period between half an hour and 3
hours, then at a temperature between 700°C and 1200°C, for a

period of between 1 hour and 24 hours.

In a preferred embodiment of the stabilisation stage drying of
said 1impregnated oxide support is advantageously performed at
a temperature of between 60°C and 200°C for a period between
half an hour and three hours. In that case the stabilisation
stage 1is advantageously performed in an apparatus among the
following examples: fluidised bed, rotating furnace,

ventilated drying cabinet, fixed bed, etc.

In another preferred embodiment of the stabilisation stage the
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impregnated oxide support is subjected to a rapid drying stage
according to the invention. Preferably the impregnated oxide
support is entrained by means of a gas, said impregnated oxide
support being subjected to a temperature rise ramp of between
250 and 500°C/min, the residence time of said impregnated oxide
support 1n said drying stage being between 1 second and 1
minute. The operating conditions of the drying operation are
described more fully hereinafter. In that case the
stabilisation stage 1is advantageously performed in the same
apparatus as the 1linked sequence Oor seguences of the
impregnation, drying and calcination stages of the preparation

process according to the invention.

In the case where calcination of the dried and impregnated
oxide support 1is carried out in one stage the calcination
operation is advantageously performed in air at a temperature
of between 700 and 1200°C, preferably between 850 and 1200°C
and preferably between 850 and 900°C for a period of between 1
hour and 24 h.

In the case where calcination of the dried and impregnated
oxide support 1is carried out 1in two stages the calcination
operation 1s advantageously performed at a temperature of
between 300°C and 600°C in air for a period between half an
hour and 3 hours, then at a temperature between 700°C and
1200°C, ©preferably between 850 and 1200°C and preferably
between 850 and 900°C for a period of between 1 hour and 24

hours and preferably between 2 hours and 5 hours.

At the end of the stabilisation stage the oxide support on
which the active phase 1is deposited comprises a spinel
enclosed in an alumina or a silica-alumina, preferably 1in a
silica-alumina. In particular the oxide support of the
catalyst 1s advantageously formed by a simple spinel enclosed
in a silica-alumina of type MA1204/A1;03.510, or a mixed spinel
enclosed in a silica-alumina of type MiM' (1 x3A1204/A1,053.5102 in
which M and M' are separate metals selected from the group

formed by magnesium (Mg), cobalt (Co), nickel (Ni), =zinc (Zn),
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calcium (Ca), in which 2Al1;03.810, denotes the chemical formula
of a silica-alumina, in which x is between 0 and 1, the wvalues

0 and 1 being themselves excluded.

The stabilised oxide support obtained is formed by a spinel
structure which advantageously comprises at least 5% by weight
of said spinel structure, preferably at least 10% and still
more preferably at least 15% by weight with respect to the
total weight of the support. The silica-alumina in which the
spinel structure is preferably enclosed preferably comprises 1
to 30% by weight of silica with respect to the total weight of
the support. It is homogeneocus on the micrometre scale and

still more preferably homogeneous on the nanometre scale.

The stabilisation stage makes 1t possible to l1limit the attacks
of the Fischer-Tropsch synthesis reaction medium (water,
acids). At the discharge from the stabilisation stage the
metal from group VIII and preferably the cobalt which is added
in that way involves a very strong interaction with the oxide
support and cannot therefore be reduced in the Fischer-Tropsch
catalyst reduction range which 1s well known to the man

skilled in the art (reduction temperature lower than 550°C).

In a preferred embodiment the 1linked sequence of the
impregnation, drying and calcination stages of the preparation
process according to the invention, preferably in that order,
is performed at least twice. In that case the preparation
process according to the invention therefore comprises after
each impregnation stage a drying stage which is independent of

the calcination stage.

The stage for impregnation of the stabilised oxide support is
advantageously performed by at least one solution containing
at least one precursor of the metal from group VIITI selected
from cobalt, nickel, ruthenium and iron. In particular that
stage can advantageously be effected by dry impregnation, by
impregnation in excess or again by deposit-precipitation using

methods well known to the man skilled in the art. Preferably
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the impregnation stage 1s carried out by dry impregnation,
preferably at ambient temperature and preferably at a
temperature equal to 20°C. The impregnation stage involves
bringing the oxide support into contact with at least one
solution containing at least one precursor of the metal from
the group VIII, the volume o0f which 1s equal to the pore
volume of the support to be impregnated. That solution
contains the metallic precursors of the metal or metals from
group VIII at the desired concentration to achieve on the
final catalyst the desired metal content. The impregnation
stage can also advantageously be performed at any other
temperature compatible with  that technology, preferably
between 5°C and 40°C, preferably between 15°C and 25°C and very
preferably between 17°C and 23°C.

In the preferred embodiment in which the linked sequence of
the 1impregnation, drying and calcination stages for the
stabilised oxide support, preferably in that order, is
performed twice, the first stage for impregnation of the oxide
support which is possibly stabilised permits the deposit of 2
to 15% by weight and preferably 5 to 10% by weight of at least
one metal from group VIII selected from cobalt, iron and
ruthenium and preferably cobalt, with respect to the total
mass of the final catalyst. The second stage for impregnation
of the oxide support which is possibly stabilised permits the
deposit of 2 to 15% by weight and preferably 5 to 10% by
weight of at least one metal from group VIII selected from
cobalt, iron and ruthenium and preferably cobalt, with respect
to the total mass of the final catalyst. In the case where the
element from group VIII is cobalt, those two stages permit the
deposit of a content of metallic cobalt which can be between 4
and 30% by weight and preferably between 10 and 20% by weight
with respect to the total mass of the final catalyst.

The metal or metals from group VIII are brought into contact
with the optionally stabilised oxide support by way of any
metallic precursor soluble in an agueous or an organic phase.

When it is introduced in an organic solution the precursor of
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the metal from group VIII is preferably oxalate or acetate of
said metal from group VIII. Preferably the precursor of the
metal from group VIII 1is introduced 1in aqgqueous solution,
preferably in the form of nitrate, carbonate, acetate,
chloride, oxalate, complexes formed by a polyacid or an acid-
alcohol and its salts, complexes formed with acetyl
acetonates, or any other 1inorganic derivative soluble in
agqueous solution, which 1s brought into contact with said
support. In the preferred case where the metal from group VIII
is cobalt the cobalt precursor which is advantageously used is

cobalt nitrate, cobalt oxalate or cobalt acetate.

The step for impregnation of the optionally stabilised oxide
support of the catalyst prepared according to the invention
can also advantageously comprise at least one additional stage
involving depositing at least one additional metal selected
from platinum, palladium, rhenium, rhodium, ruthenium,
manganese and tantalum, alone or in the form of a mixture, on
said oxide support. Preferably the additional metal is
selected from platinum, ruthenium and rhenium and very
preferably the additional metal 1is platinum. Deposit of the
additional metal on the support can advantageously Dbe
performed by any method known to the man skilled in the art,
preferably by impregnation of the oxide support with at least
one solution containing at least one precursor of the
additional metal and preferably by dry impregnation or by
impregnation in excess. The additional metal or metals are
preferably present 1in an amount of 0.01 to 2% by weight,
preferably 0.02 to 0.3% by weight of metal with respect to the
weight of catalyst.

According to the invention a drying stage, referred to as the
rapid drying stage, for the impregnated and optionally
previously stabilised oxide support is carried out between the

impregnation stage and the calcination stage.

In that drying stage the impregnated oxide support is

entrained by means of a gas, salid impregnated oxide support
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being subjected to a temperature rise ramp of between 250 and
600°C/min, preferably between 300 and 600°C/min, preferably
between 350 and 600°C/min, more preferably between 350 and
550°C/min, the residence time of the impregnated oxide support
in said drying stage being between 1 second and 1 minute,
preferably between 5 and 40 seconds and preferably between 5

and 30 seconds.

The drying stage is referred to as the rapid drying stage as
the drying mode used makes 1t possible to achieve a very short
contact time between the catalyst and the gas in a very high

gas flow rate permitting water to be very rapidly eliminated.

Preferably the gas used in the drying stage is air, alone or

mixed with an inert gas.

Preferably the temperature of the gas at the entry to the
drying stage is between 300 and 800°C, preferably between 400
and 700°C and very preferably between 400 and 600°C.

Preferably the pressure in the course of the drying stage is
between 0.02 and 0.2 MPa and preferably between 0.05 and 0.1
MPa.

Preferably the drying stage operates in the presence of a gas
flow rate of between 2 and 4 Nl/h/g of catalyst, preferably
between 2.6 and 3.2 N1/h/g of catalyst.

During the drying stage the temperature of the oxide support
which is impregnated and entrained in the drying stage 1is
between 50 and 60°C in the preferred temperature and flow rate

range.

The drying operation is an important stage in preparation of
the catalyst according to the invention. The impregnation,
drying and calcination stages are performed independently of

each other.
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The drying stage makes it possible to entrain an impregnated
oxide support powder, which is possibly stabilised, being of a
granulometry of less than 200 um, and with a loss on ignition,
LOI, of between 20 and 50% on issuing from the impregnation
stage. On issuing from the drying stage the impregnated and
dried oxide support is 1in the form of a powder of a
granulometry of less than 200 um and a loss on ignition
measured at 1000°C (LOI at 1000°C) of between 7 and 20%.

The drying stage 1s advantageously carried out in any
apparatus known to the man skilled in the art permitting
treatment of a powder with an LOI of between 20 and 50%, of a
granulometry of less than 300 um, and making 1t possible to
achieve a very short contact time in a very high air flow rate
and at an elevated temperature. Preferably in an apparatus
selected from entrained beds and flash driers or 1in any
equivalent apparatuses known to the man skilled in the art.
Flash driers are in particular widely used in the field of
agri-food and are marketed by companies like Barr-Rosin, Niro
but can advantageously be used as driers 1in the present

invention.

The rapid drying stage which is independent of the calcination
stage and carried out after said or each impregnation stage of
the preparation process according to the invention makes it
possible to avoid surface migration of the metal from group
VIII and preferably cobalt and also avoids the formation of
aggregates of the metal from group VIII and preferably cobalt

within the grains of catalyst obtained.

Thus the rapid drying stage performed before the calcination
stage 1n the process according to the invention permits both
highly efficient drying and makes it possible to avoid the
formation of crust of the metal from group VIII and preferably
cobalt at the surface of the particles of the catalyst
prepared 1in that way, and thus makes it possible to improve
the distribution of the metal from group VIII and preferably
cobalt within the catalyst particles.
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According to the invention a stage for calcination of the
dried impregnated oxide support 1is carried out after the
impregnation stage. The calcination stage 1s advantageously
performed independently of the rapid drying stage. Preferably
the calcination stage 1is performed in an apparatus selected
from a ventilated drying cabinet, a fluidised bed and a
rotating furnace, or 1in any equivalent apparatuses known to

the man skilled in the art.

The calcination stage 1s carried out at a temperature between
320°C and 460°C, preferably between 350 and 440°C and
preferably between 360 and 420°C.

It is carried out for a period of between 15 min and 15 h and
preferably between 30 min and 12 h and still more preferably
between 1 h and 6 h.

The catalyst obtained at the 1issue from the preparation
process according to the invention is in oxide form after the
linked sequence of the impregnation, drying and calcination
stages which 1is performed at least once. It has crystallites
of oxide of the metal from group VIII which is present in the
active phase of the catalyst, preferably crystallites of
cobalt oxide C0304.

The ©preparation process according to the invention may
advantageously also comprise at least one stage for reduction
of the catalyst obtained, the reduction stage being performed
after the 1linked sequence of the impregnation, drying and

calcination stages.

In fact prior to its use in a catalytic reactor for Fischer-
Tropsch synthesis the catalyst obtained at the end of the
process according to the present invention 1is preferably
subjected to at least one reduction stage. The reduction stage
is intended to activate the catalyst and form particles of

metal in the zero valent state and is for example performed in
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pure or dilute hydrogen at high temperature.

When the metal from group VIII used 1s cobalt the reduction

stage makes it possible to carry out the following reaction:

Co304 > Co0O — Co (0)

The reduction stage 1s advantageously 1implemented at a
temperature between 200 and 500°C and for a period of between 2

and 20 hours.

The reduction stage is advantageously effected either in situ,
that 1s to say 1n the same reactor as that 1in which the
Fischer-Tropsch reaction is performed, or ex situ before being

loaded into the reactor.

The catalyst obtained at the end of the preparation process
according to the invention comprises an active metallic phase
comprising at least one metal from group VIII selected from
cobalt, nickel, ruthenium and iron, alone or as a mixture, and

an oxide support as defined hereinbefore.

The oxide support on which the active phase 1is deposited may
advantageously be of a morphology in the form of powder of a
variable granulometry, in particular when the catalyst is used
in a reactor of slurry bubble column type. The size of the
grains of the catalyst may advantageously be between a few
microns and some hundreds of microns. For use 1in a slurry
reactor the size of the particles of the catalyst prepared
using the process according to the invention is preferably
between 10 microns and 300 microns, very preferably between 20
and 200 microns.The catalyst obtained at the end of the
preparation process according to the invention has a mean size

of crystallites of metal of group VIII of less than 12 nm.

The catalyst obtained in that way comprises grains in which
the metal from group VIII and preferably cobalt is distributed

homogeneously in the grains and at their surface, which grains
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have no or 1little aggregates of metal from group VIII, the
formation of crust at the periphery of the catalyst grains

being limited.

The distribution of the metal of group VIII and preferably
cobalt in the interior of the grains of catalyst obtained by
the process according to the invention and the presence or
absence of a layer of metal from group VIII and preferably
cobalt which is also referred to as the crust is detected for
example by X-microanalysis by electronic probe or by

retrodiffused-electron scanning electron microscopy (SEM).

The catalyst obtained at the end of the preparation process
according to the invention may advantageously be employed in
reactions carried out in suspension in a three-phase fluidised
reactor, preferably of bubble column type. In this preferred
use of the catalyst the catalyst 1is divided in the state of
very fine powder, in particular of the order of some tens of
microns and for example between 5 microns and 300 microns,
preferably between 20 microns and 150 microns and still more
preferably between 20 and 120 microns. That technology 1is also
known by the terminology of the 'slurry process' by the man
skilled in the art.

That catalyst can also be advantageously used in different
types of reactors and for example in a fixed bed, in a movable
bed, in a bubble column or again in a three-phase fluidised
bed.

There is also described a process for Fischer-Tropsch
synthesis from a mixture of carbon and hydrogen using a
catalyst prepared according to the preparation process
according to the invention, the Fischer-Tropsch synthesis
process operating at a temperature of between 190 and 240°C at
a total pressure of between 1 and 5 MPa and with an H;/CO molar

ratio of between 1.5 and 2.5.

The invention is illustrated by the following examples.
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Example 1 (comparative)

A catalyst Al comprising cobalt deposited on a silica-alumina
support is prepared by dry impregnation of an agueous solution
of cobalt nitrate so as to deposit in two successive stages of
the order of 14% by weight of Co on a commercial silica-
alumina powder (SIRALOX® 5/170, SASOL) of a mean granulometry
equal to 80 um, of a surface area of 171 m2/g and a pore

volume equal to 0.519 ml/g.

After a first dry impregnation operation the solid is dried in
a drying oven at 120°C for 3 h in an air flow at an
uncontrolled flow rate. The temperature is then raised to 420°C
using a 1°C/min ramp in a uncontrolled air flow rate, then a
maintenance level of 420°C for 4 h is applied. The intermediate
catalyst contains about 8% by weight of Co. It is subjected to
a second dry 1impregnation stage by means of a solution of
cobalt nitrate. The solid obtained is dried in a drying oven
at 120°C for 3 h in an uncontrolled air flow rate. Calcination
is then performed at a temperature of 420°C using a 1°C/min
ramp in an uncontrolled air flow rate then a maintenance level
of 420°C for 4 h is applied. The final catalyst Al is obtained,
which contains 13.5% by weight of Co.

Retrodiffused-electron scanning electron microscopy (Figure 1)
demonstrates the presence of crust (Figure 1la) and a poor
distribution of the cobalt within the catalyst grains (Figure
1b) .

The mean size of the crystallites of Co03z0s4 measured by XRD is

19 nm.
The LOI at 1000°C of the solid Al is 13%.
The content of Co030: measured by XRD present in the catalyst

after issuing from the drying stage is about 3.5% by weight

with respect to the total mass of the sample.
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The content of Co30s4 in the solid at the end of the drying
stage is determined by XRD. The area of the lines of Co30s at
36.9° (principal 1line) and 59.3° was measured. A calibration
straight line was 1mplemented by means of reference samples
containing 0 and 100% of Cos304, which makes it possible to

evaluate the Co30s4 content in a given sample.

Example 2 comparative:

A catalyst A2 comprising cobalt deposited on a silica-alumina
support is prepared by dry impregnation of an agueous solution
of cobalt nitrate so as to deposit in two successive stages of
the order of 13.5% by weight of Co on a commercial silica-
alumina powder (SIRALOX® 5/170, SASOL) of a mean granulometry
equal to 80 um, of a surface area of 171 m2/g and a pore

volume equal to 0.519 ml/g.

After a first dry impregnation operation the solid is dried in
a fluidised bed in a flow of dry air using a ramp of 230°C/min
with an air flow rate of 2.11 Nl1l/h/g of catalyst for a period
of 15 s in an air flow. The catalyst 1is then discharged and
then introduced 1into a ventilated drying <cabinet. The
temperature is raised to 420°C with a ramp of 1°C/min in an
uncontrolled air flow rate and then the temperature level of
420°C is maintained for 4 h. The intermediate catalyst contains
about 8% by weight of Co. It 1s subjected to a second dry
impregnation stage by means of a solution of cobalt nitrate.
The moist solid is dried in a fluidised bed in a flow of dry
air using a ramp of 240°C/min in an air flow rate of 2.11
1/(h.g of catalyst) for a period of 15 s in an air flow. The
catalyst 1s then discharged and then introduced into a
ventilated drying cabinet. Calcination is then effected at a
temperature of 420°C using a ramp of 1°C/min in an uncontrolled
air flow then the temperature level of 420°C is maintained for
4 h. The final catalyst A2 1is obtained, containing 13.5% by
weight of Co.
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Retrodiffused-electron scanning electron microscopy (Figure 2)
reveals the presence of crust (Figure 2a) and a poor

distribution of cobalt within the catalyst grains (Figure 2b).

The mean size of crystallites of Co304 measured by XRD 1is 22

nm.

The LOI at 1000°C of the solid A2 is 22%.

No trace of Cos304 is detected by XRD.

Example 3 (according to the invention):

A catalyst A3 comprising cobalt deposited on a silica-alumina
support is prepared by dry impregnation of an agueous solution
of cobalt nitrate so as to deposit in two successive stages of
the order of 13.5% by weight of Co on a commercial silica-
alumina powder (SIRALOX® 5/170, SASOL) of a mean granulometry
equal to 80 um, of a surface area of 171 m2/g and a pore

volume equal to 0.519 ml/g.

After a first dry impregnation operation the solid is dried in
a fluidised bed in a flow of dry air using a ramp of 360°C/min
with an air flow rate of 2.63 Nl1l/h/g of catalyst for a period
of 10 s in an air flow. The catalyst 1is then discharged and
then introduced 1into a ventilated drying <cabinet. The
temperature is raised to 420°C with a ramp of 1°C/min in an
uncontrolled air flow rate and then the temperature level of
420°C is maintained for 4 h. The intermediate catalyst contains
about 8% by weight of Co. It 1s subjected to a second dry
impregnation stage by means of a solution of cobalt nitrate.
The moist solid is dried in a fluidised bed in a flow of dry
air using a ramp of 360°C/min in an air flow rate of 2.63
N1/h/g of catalyst for a period of 10 s in an air flow. The
catalyst 1is then discharged and then introduced into a
ventilated drying cabinet. Calcination is then effected at a
temperature of 420°C using a ramp of 1°C/min in an uncontrolled

air flow then the temperature level of 420°C is maintained for
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4 h. The final catalyst A3 1is obtained, containing 13.5% by
weight of Co.

Retrodiffused-electron scanning electron microscopy (Figure 3)
reveals the absence of crust (Figure 3a) and the absence of
cobalt aggregates within the <catalyst grain (good cobalt
distribution within the catalyst grains) (Figure 3b).

The mean size of crystallites of Co030s measured by XRD is 12

nm.

The LOI at 1000°C of the solid A3 is 10%.

No trace of Cos304 is detected by XRD.

Example 4 (according to the invention):

A plurality of catalysts are prepared in an identical fashion
to the catalyst of Example 3 except for the difference that
the entry temperature of the gas into the drying stage is
varied between 400 and 550°C.

Figure 4 shows the variation in the LOI at 1000°C on issuing
from the drying operation and the NO; content 1in the gas
issuing from the flash column of the drying stage in
dependence on the temperature of the gases entering the drying
stage for catalysts prepared in accordance with Example 3 with
13.5% by weight of Co. For different entry gas temperatures
catalyst sampling was effected, which made it possible to
determine the residual 1loss on ignition after drying. The
range involved corresponds to catalysts of the preferred range
for which wvery good distribution of cobalt in the catalyst
grains is obtained, while not causing substantial
decomposition of the nitrates present. The presence of NOg,
without this being 1linked to any theory, 1s tied to the
surface fraction of the grains of catalyst in contact with the

hot drying gas.
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Example 5

The catalysts Al, A2 and A3 before being successively tested
in respect of conversion of the synthesis gas are reduced ex
situ in a flow of pure hydrogen at 400°C for a period of 16
hours in a tubular reactor. Once the catalyst is reduced it is
discharged 1in an argon atmosphere and encased 1in some

®

Sasolwax>® to be stored sheltered from air prior to the test.

The Fischer-Tropsch synthesis reaction is carried out in a
reactor of slurry type which functions continuously and which
operates with a concentration of 10% (vol) of catalyst in the

slurry phase.

Each of the catalysts is in the form of powder of a diameter

of between 40 and 150 microns.

The test conditions are as follows:

Temperature = 230°C

Total pressure = 2 MPa

H;/CO molar ratio = 2.

The conversion of CO is maintained at between 45 and 50%.

The test conditions are adjusted so as to be at iso conversion

of CO, irrespective of the activity of the catalyst.

Activity is calculated in the following fashion:

. [ —E J E
Activity = exp -exp|
RTbase RTref

With Tbase = 2250C

E = activation energy
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R = constant of the completed gases

Trer = T 0of a reference catalyst.

For a reference catalyst the activity is 100%, the reference
temperature is then equal to the base temperature.

The results are calculated for the catalysts 2Al, A2 and A3
with respect to the reference catalyst involving an activity
of 100%

selectivities are given as well as the selectivity in respect

and are set out in Table 1 below. The alpha paraffin

of Cs+ compounds.

Measurement of the selectivity in respect of alpha paraffin is

implemented by way of an analysis by gaseous phase

chromatography of the effluents from the reaction, metering of

the paraffins and calculation of the slope of the log curve

mol (%) = f (carbon number) which corresponds to the alpha.
Catalyst Al A2 A3
LOTI at 1000°C after drying|13% 22% 10%

(%)

C0304 after drying by XRD (%) 3.5 0 0
Activity after 300 h (%) 230 230 300
Selectivity Cb5+ (%) 380 79 82
Selectivity alpha paraffins 0.878 [0.872 |1 0.892

The activity of the activity A3 according to the invention is
improved by 70 points
catalysts Al and A2

with respect to the activity of the
(300% with 230%). 1Its
selectivity in respect of Cs+, alpha paraffins is also better
than that of the catalyst Al and the catalyst AZ2.

respect to

The process
of the invention thus makes it possible to produce a catalyst
(not visible in SEM)

with very little crust and no aggregates,

being both more active and more selective.
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Patentkrav

1. Fremgangsmade til fremstilling af en katalysator
omfattende en aktiv fase omfattende mindst ét metal fra gruppe
VIII wvalgt blandt cobalt, nikkel, ruthenium og jern, alene
eller i blanding, og en oxidbarer valgt blandt et alumina og
et silica-alumina, hvilken fremgangsmade omfatter mindst ét
gennemlgb af fglgende trin:

- et trin til impregnering af oxidbareren, hvilket
impregneringstrin udfgres med mindst én oplgsning, der
indeholder mindst én precursor for metallet fra gruppe VIII
valgt blandt cobalt, nikkel, ruthenium og jern,

- et trin til tegrring, hvor den impraegnerede oxidbarer drives
frem ved hjaelp af en gas, hvilken impragnerede oxidbarer i
nevnte trin udsattes for en temperaturstigningsrampe pa mellem
250 og 600 °C/min, idet den impragnerede oxidberers opholdstid
i tgrringstrinet er pa mellem 1 sekund og 1 minut,

- et trin til kalcinering af den impragnerede o0g te@rrede
oxidbarer, hvilket kalcineringstrin udfgres wved en temperatur
pa mellem 320 og 460 °C og 1 et tidsrum pa mellem 15 min og
15 h,

for at opna en katalysator 1 oxidform, hvor metallet fra

gruppe VIII er homogent fordelt.

2. Fremgangsmade ifglge krav 1, hvor gennemlgbet af
impregnerings-, tgrrings- og kalcineringstrinene, 1 n&vnte

rekkefglge, udfgres mindst to gange.

3. Fremgangsmade ifglge et hvilket som helst af kravene 1-2,

hvor den aktive fase omfatter cobalt.

4, Fremgangsmade ifelge krav 1, hvor oxidbzreren bestar af

silica-alumina.

5. Fremgangsmade ifglge et hvilket som helst af kravene 1-4,
hvor gassen, der anvendes 1 tgrringstrinet, er 1luft, alene

eller i blanding med en inaktiv gas.
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6. Fremgangsmade ifglge et hvilket som helst af kravene 1-5,
hvor gassens temperatur ved indgangen til te@rringstrinet er pa
mellem 300 og 800 °C.

7. Fremgangsmade ifglge et hvilket som helst af kravene 1-6,
hvor kalcineringstrinet udfgres i1 et apparat wvalgt blandt en

ventileret ovn, et fluidiseret leje og en roterovn.

3. Fremgangsmade ifglge et hvilket som helst af kravene 1-7,
hvor fremgangsmaden til fremstilling omfatter et trin til
stabilisering af oxidbareren for at danne en spinelstruktur
mellem et metal wvalgt blandt cobalt, nikkel, magnesium,
calcium og =zink og oxidbaereren, hvilket stabiliseringstrin
udfgres for gennemlgbet af impraegnerings-, terrings- og
kalcineringstrinene, idet trinet til stabilisering af
oxidbareren bestar i:

- 1impregnering, fortrinsvis tgrimpregnering, af oxidbereren,
fortrinsvis med en vandig oplgsning af et eller flere salte af
et metal wvalgt blandt cobalt, nikkel, magnesium, calcium og
zink, for at impragnere et metalindhold pa mellem 1 og 10
vegtprocent i forhold til den samlede vegt af den endelige
katalysator,

- tgrring af den impraegnerede oxidberer,

- kalcinering af den impraegnerede og tegrrede oxidbearer,
hvilken kalcinering udfgres i ét trin i luft ved en temperatur
pa mellem 700 og 1200 °C, 1 et tidsrum pa mellem 1 h og 24 h,
eller 1 to trin ved en temperatur pa mellem 300 og 600 °C i
luft, 1 et tidsrum pa mellem * h og 3 h, derefter ved en
temperatur pa mellem 700 og 1200 °C, 1 et tidsrum pa mellem
1 h og 24 h.

9. Fremgangsmade ifglge krav 8, hvor den impregnerede
oxidbearer drives frem ved hjelp af en gas i
stabiliseringstrinets tgrringstrin, hvilken impregnerede

oxidbarer udsattes for en temperaturstigningsrampe pa mellem
250 og 500 °C/min, idet den impragnerede oxidberers opholdstid

i tgrringstrinet er pa mellem 1 sekund og 1 minut.
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Figure 2a
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