
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date
31 December 2014 (31.12.2014)

WO 2014/207096 Al
P O P C T

(51) International Patent Classification: (74) Agent: SCHMIDT, Martin; Ixas Conseil, 15 rue Emile
B01J 27/224 (2006.01) C04B 35/565 (2006.01) Zola, F-69002 Lyon (FR).
B01J 35/10 (2006.01) CIOG 2/00 (2006.01)

(81) Designated States (unless otherwise indicated, for everyC04B 38/00 (2006.01) B01J 32/00 (2006.01)
kind of national protection available): AE, AG, AL, AM,C07C 1/04 (2006.01)
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(21) International Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
PCT/EP2014/063503 DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(22) International Filing Date: KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,

26 June 2014 (26.06.2014) MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

(25) Filing Language: English OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,

(26) Publication Language: English TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,

(30) Priority Data: ZW.

1356 189 27 June 2013 (27.06.2013) FR (84) Designated States (unless otherwise indicated, for every
1360514 29 October 2013 (29. 10.2013) FR kind of regional protection available): ARIPO (BW, GH,

(71) Applicants: SICAT [FR/FR]; 17 square Edouard VII, F- GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,

75009 Paris (FR). SASOL TECHNOLOGY (PTY) LIM¬ UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

ITED [ZA/ZA]; 1 Sturdee Avenue, Rosebank, 2196 Jo TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

hannesburg (ZA). EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

(72) Inventors: NGUYEN, Patrick; 400 av Jean Charmasson, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
F-84800 L'Isle sur la Sorgue (FR). PHAM, Charlotte; 5 KM, ML, MR, NE, SN, TD, TG).
rue de Sarreguemines, F-67000 Strasbourg (FR).
KARTHEUSER, Michel; 35 rue de la Moder, F-67480 Published:

Auenheim (FR). VIEVILLE, Christophe; 39 rue Neuve, — with international search report (Art. 21(3))
F-67700 Saverne (FR). VAN BERGE, Peter Jacobus;
Monserrat unit 5, Harbour Island, Faure Marine Drive,
7140 Gordon's Bay (ZA).

(54) Title: METHOD FOR MANUFACTURING SHAPED BETA-SIC MESOPOROUS PRODUCTS AND PRODUCTS OB
TAINED BY THIS METHOD

(57) Abstract: Method for manufacturing a β-SiC shaped piece comprising mesopores with a diameter of between 6 nm and 100 nm
representing a mesopore volume (determined by mercury intrusion porosimetry) greater 0.35 cmVg, said method comprising the
transformation of a mesoporous carbon preform with at least one silicon source into silicon carbide (β-SiC), said silicon source be -
ing able to be incorporated in said preform or contributed from outside, said carbon preform having mesopores with a diameter of
between 6 nm and 100 nm with a mesopore volume greater than 0.35 cm 3 per gram of carbon. This β-SiC mesoporous shaped piece
can be used as a catalyst carrier for chemical reactions involving a liquid phase, and in particular for the Fischer- Tropsch reaction.



Method for manufacturing shaped beta-SiC mesoporous products and products

obtained by this method

Technical field of the invention

The invention concerns the field of heterogeneous catalysis and in particular carriers for a

heterogeneous silicon carbide catalyst. It also concerns more particularly the field of

shaped β-SiC products obtained by the shape-memory synthesis methods.

Prior art

A catalyst is a material that increases the conversion and selectivity of a chemical reaction

and is intact at the end of the reaction. Heterogeneous catalysis is the method in which

the reagents are adsorbed on the surface area of the catalytic solid, are activated by

chemical interactions with the surface area of the catalyst, and are rapidly and selectively

transformed into adsorbed products that then desorb from the surface of the catalyst.

Typically a heterogeneous catalyst comprises a carrier (also called support) on which an

active phase is dispersed. The active phase of the heterogeneous catalyst often consists

of metals, metal oxides, sulphides or carbides. The carriers often consist of porous solids

that are oxides, such as alumina and silica, or carbon. It is preferable to have the active

phase finely divided on the surface of the carrier in order to increase the surface exposed

to reagents. This is made possible by the presence of pores in the carrier that will

increase the specific surface area of the solid. Micropores (defined by lUPAC, see Pure &

Applied Chemistry, 66, n° 8 , pages 1739-1758 (1994) as pores with a diameter of less

than 2 nm) greatly increase the specific surface area. One example is activated carbon,

which is exclusively microporous and may have a specific surface area greater than 1000

m2/g. In heterogeneous catalysis, mesoporous and microporous carriers are preferred.

Mesopores (diameter of between 2 nm and 50 nm according to lUPAC) give rise to

specific surface areas from several tens of m2/g to several hundreds of m2/g. Macropores

are considered not to provide significant specific surface area or very little.

In order to maximise the reaction rate, it is essential to maximise the accessibility for all

reagents to the active sites, which are dispersed through the internal structure of the

pores (mesopores). In heterogeneous catalysis, a catalytic action is generally broken

down into seven steps:

(i) external diffusion: transfer of external mass or film where the reagents present in a

stagnant film that surrounds the solid must penetrate the solid;

(ii) internal diffusion: the reagents diffuse in the pores to the active sites;



(iii) adsorption of the reagent (or reagents) A on the surface of the catalyst;

(iv) reaction: transformation of A to B on catalytic sites (active site);

(v) desorption of the product (or products) B from the surface of the catalyst;

(vi) internal diffusion : the products diffuse from the pores to the surface of catalyst;

(vii) external diffusion : transfer of external mass or film.

Steps (i), (ii), (vi) and (vii) are diffusion processes only slightly dependent on temperature

(in T 2 or T 2) whereas steps (iii), (iv) and (v) are chemical processes greatly dependent

on temperature. By increasing the temperature, the reaction rate will increase

exponentially and the limiting steps will become the diffusion steps. The diffusion being

related to the size of the grains and to the size and number of pores, it is preferable to

have wide pores interconnected so as to reduce the diffusion factor. It is therefore

preferable to have a non-microporous catalytic material. More particularly, a catalyst

carrier having mesopores and macropores is preferred . The mesopores will contain the

finely dispersed catalytic phase (a catalytic material) and the macropores will make it

possible to bring the reagents to the mesopores and to discharge the products out of the

solid after reaction . According to the lUPAC classification, mesopores are pores having a

diameter of between 2 nm and 50 nm. More details on the elementary concepts of

heterogeneous catalyst are published in the second edition of the book "Fundamentals of

Industrial Catalytic Processes" by C H Bartholomew and R J Ferrauto (2006).

One carrier material for catalysts is silicon carbide; its applications in industrial processes

are in the course of development and are dependent on mastery of its pore distribution.

The pore distribution depends on the method of producing the material.

A method for obtaining a catalyst carrier based on β-SiC in the form of granules with a

BET specific surface area of at least 5 m2/g is known from the patent US 6 ,184, 178

(Pechiney Recherche). These granules are obtained by shaping a mixture of a

carbonisable thermosetting resin or pitch with an Si and/or Si0 2 powder and optional

additives. The additives may be activated carbon , crosslinking agents, porogens,

plasticisers, lubricants or solvents. The crosslinking of the resin takes place at a

temperature of up to 250°C. The heat treatment aimed at carbonising the organic material

and the carburising is carried out at a temperature of between 1300°C and 1450°C.

The patent EP 0 624 500 B1 describes a similar method leading to a product that has a

very low mesoporosity consisting of pores the size of which is centred very precisely on a

range of diameters between 27.5 nm and 35 nm.



The article "Innovative porous SiC-based materials: From nanoscopic understandings to

tunable carriers serving catalytic needs" by P Nguyen and C Pham, which appeared in

Applied Catalysis A : General 391 (201 1) 443-454, describes the preparation of porous

catalyst carriers of β-SiC of various forms such as: pellets, rings, granules, foams,

microballs.

Moreover, there is known from the patent US 7,910,082 (Corning Inc.) a method for

obtaining ordered mesoporous carbon-silicon nanocomposites by an auto-assembly

induced by evaporation of a precursor composition that preferably comprises a phenolic

resin, a prehydrolysed tetraethyl-orthosilicate (TEOS), a surfactant and butanol. The

precursor mixture is dried, crosslinked and heated in order to form an ordered

mesoporous silicon carbide having a specific surface area of between 400 m2/g and 900

m2/g and a mean pore size not exceeding 6 nm, determined according to the nitrogen

adsorption measurement and the BJH method. The BJH (Barrett-Joyner-Halenda) method

is a method for calculating the distribution of the pore size in a porous material using

adsorption or desorption isotherms. This method does not take into account pores with a

diameter significantly greater than 100 nm. The pores are produced by the auto-assembly

of a tri-block polymer in the phenolic resin /TEOS/butanol mixture, and their size is limited.

The patent CN 1 401 564 describes a method for obtaining a mesoporous β-SiC powder

with a specific surface area of between 60 m2/g and 120 m2/g and pores of a size between

3 nm and 50 nm. This material is obtained by a method in which a phenolic resin is

dissolved in a solvent, with the addition of a salt of a transition metal, ethylsilicate (or

methyl- or propylsilicate) and a mineral acid, and then the silicate is hydrolysed, a

crosslinking agent is added and the solid obtained is subjected to heat treatment at a

temperature of between 1200°C and 1400°C for 5 hours to 24 hours. The SiC material

that results therefrom is in the form of a powder and is contaminated by the transition

metal that was added as a porogen: the SiC must therefore be washed in order to

eliminate this transition metal. As described in the patent, the method leads to a powder.

As catalyst carriers should be made from a shaped material, powders must be shaped

before being usable in a catalytic method, and there is a risk of loss of desirable porosity

during this shaping operation.

The β-SiC materials obtained by these methods have a high specific surface area. They

are suitable as a catalyst carrier for certain gaseous-phase reactions, in which the contact

time between the reaction medium and catalyst is generally very short. For example, the

use of such catalyst carriers has been described for the selective oxidation of H2S in

sulphur and for the Fischer-Tropsch synthesis (see the aforementioned article by P



Nguyen and C Pham), or for the treatment of diesel engine exhaust gases (see the

aforementioned EP 0 624 560 B 1, see also WO 2005/038204), or for the production of

hydrogen by the oxidation of methane (see WO 2004/007074).

The applicant has found that methods according to the prior art do not make it possible to

obtain optimised products for certain liquid-phase catalysis applications or under gaseous-

phase conditions liable to lead to the condensation of relatively heavy molecules. The

transport conditions being different in gaseous phase and liquid phase, it is not surprising

that the same catalyst carrier is not perfectly suited to the two media at the same time.

Novel β-SiC catalyst carriers are therefore sought which are able to be prepared in

different geometric forms, which have a sufficient specific surface area and pore size and

which better suit liquid-phase reactions.

Subject matter of the invention

The applicant has realised that a simple increase in the specific surface area does not

improve the suitability of materials based on β-SiC as a catalyst carrier for heterogeneous

catalysis, in particular with a view to the formation of heavy molecules; the formation of

heavy molecules may be either sought in the catalytic method in which carriers based on

β-SiC are used, as in the document US 5,576,466 (Pechiney Recherche), which describes

the isomerisation of mixtures of Cio to C
20

hydrocarbons, or inevitable, as in the case of

the Fischer-Tropsch reaction (see WO 2012/038621 (CNRS), WO 2012/164231 (SICAT),

see also WO 2007/000506 and WO 2005/073345 (TOTAL)). In all these cases a question

is posed as to the porosity actually accessible to a viscous phase under reaction

conditions involving heavy molecules and high pressures. This is the motivation for

seeking novel carriers for heterogeneous catalysis.

According to the invention, the problem is solved by mesoporous β-SiC catalyst carriers

with a particular porous structure and distribution. More precisely, these shaped materials,

that can be prepared as shaped pieces, have pores with a diameter of between 6 nm and

100 nm corresponding to a mesopore volume of at least 0.35 cm /g, preferably at least

0.40 cm /g and even more preferentially at least 0.45 cm /g (determined by mercury

intrusion porosimetry).

Shaped materials and shaped pieces according to the invention are accessible by a novel

method for manufacturing a β-SiC catalyst carrier, which forms a first subject matter of the

present invention. In this method a mesoporous β-SiC shaped material or shaped piece is

obtained using a mesoporous carbon preform.



More precisely, the first subject matter of the invention is a method for manufacturing a β-

SiC shaped material or shaped piece comprising mesopores with a diameter of between 6

nm and 100 nm representing a mesopore volume greater than 0.30 cm /g and preferably

greater than 0.35 cm /g, and even more preferentially greater than 0.40 cm /g

(determined by mercury intrusion porosimetry), said method comprising the transformation

of a mesoporous carbon preform with at least one silicon source into silicon carbide (β-

SiC), said silicon source being able to be incorporated in said preform and/or contributed

from outside, said transformation taking place in a non-oxidising atmosphere at a

temperature preferably lying between 1100°C and 1400°C, said mesoporous carbon

preform having mesopores with a diameter of between 6 nm and 100 nm with a mesopore

volume greater than 0.25 cm3 per gram of carbon (preferably greater than 0.35 cm3 per

gram of carbon, and even more preferentially greater than 0.45 cm3 per gram of carbon).

By way of example, it is possible to manufacture a β-SiC shaped material or shaped piece

comprising mesopores with a diameter of between 6 nm and 100 nm representing a

mesopore volume greater than 0.30 cm /g, preferably greater than 0.35 cm /g, from a

mesoporous carbon preform having mesopores with a diameter of between 6 nm and 100

nm with a pore volume greater than 0.25 cm3 per gram of carbon, and preferably greater

than 0.30 cm3 per gram of carbon and even more preferentially greater than 0.35 cm3 per

gram of carbon. Still by way of example, it is possible to manufacture a β-SiC shaped

piece having mesopores with a diameter of between 6 nm and 100 nm representing a

mesopore volume greater than 0.35 cm /g and preferably greater than 0.40 cm /g, from a

mesoporous carbon preform having mesopores with a diameter of between 6 nm and 100

nm with a pore volume greater than 0.30 cm3 per gram of carbon, and preferably greater

than 0.35 cm3 per gram of carbon, and even more preferentially greater than 0.40 cm3 per

gram of carbon.

In an advantageous embodiment, the method according to the invention comprises the

steps of

(a) pyrolysis of a preform of a mesoporous carbon precursor comprising at least one

silicon source for obtaining a mesoporous carbon preform containing silicon;

(b) transformation of said mesoporous preform into mesoporous β-SiC by reaction with

materials comprising silicon in a non-oxidising atmosphere at a temperature preferably

lying between 1100°C and 1400°C.



Optionally, between step (a) and step (b) the pyrolyzed material can be further activated

by any appropriate means known to persons skilled in the art, such as steam activation or

C0 2 activation , either non catalytic or catalytic, in order to increase the mesopore volume

per gram of carbon.

In one advantageous variant, one uses a carbon preform comprising silicon in an

approximately stoichiometric proportion, and the method according to the invention

comprises the steps of

(a) Pyrolysis of a preform of a mesoporous carbon precursor comprising at least one

silicon source for obtaining a mesoporous carbon containing silicon, whereas the

C/Si mol ratio is about one, but preferably larger than 1.05;

(b) Transformation of said mesoporous preform containing carbon and silicon into

mesoporous β-SiC by reaction in a non oxidizing atmosphere at a temperature

preferably lying between 1100°C and 1400°C.

In this embodiment, for pore diameters in the 6 nm to 100nm range, the pore volume of

the final SiC is typically about 105% to 135% of the pore volume of the preform containing

carbon and silicon , and about 30% to 40% of the pore volume of the carbon part of the

mesoporous carbon containing silicon . This embodiment is exemplified in examples 5 and

7 .

In another advantageous variant that constitutes a modification of the previous variant, the

method according to the invention comprises the steps of

(a) Pyrolysis of a preform of a mesoporous carbon precursor comprising at least one

silicon source for obtaining a mesoporous carbon containing silicon, whereas the

C/Si mol ratio is larger than 1, typically larger than 1.35;

(b) Activation of this preform of mesoporous carbon containing silicon under steam or

C02 to selectively burn off part of the carbon content, so as to further increase its

pore volume per gram of carbon, and whereas the final C/Si mol ratio is about

one, preferably larger than 1.05;

(c) Transformation of said mesoporous preform containing silicon into mesoporous β-

SiC by reaction in a non oxidizing atmosphere at a temperature preferably lying

between 1100°C and 1400°C.

In this embodiment, for pore diameters in the 6 nm to 100nm range, the pore volume of

the final SiC is typically about 105% to 135% of the pore volume of the activated preform

containing carbon and silicon, and about 30% to 40% of the pore volume of the carbon

part of the activated mesoporous carbon containing silicon.



In another advantageous embodiment, one uses a carbon preform that is converted into

SiC by using an external source of silicon, and the method according to the invention

comprises the steps of

(a) Pyrolysis of a preform of a pure mesoporous carbon precursor for obtaining a pure

mesoporous carbon. Optionally, this pure carbon can be activated under steam or

C0 2 to selectively burn off part of the carbon and further increase its mesopore

volume per gram of carbon.

(b) Transformation of said pure mesoporous carbon preform into mesoporous β-SiC

by reaction with an external source of silicon, in a non oxidizing atmosphere at a

temperature preferably lying between 1100°C and 1400°C.

In this embodiment, for pore diameters in the 6 nm to 100nm range, the pore volume of

the SiC derived from the pure mesoporous carbon preform is expected to be about 65% to

80% of the pore volume of the pure mesoporous carbon preform. This embodiment is

exemplified in examples 4 and 8 .

In another advantageous embodiment, the method according to the invention comprises

the steps of

(a) Pyrolysis of a preform of a mesoporous carbon precursor comprising at least one

silicon source for obtaining a mesoporous carbon containing silicon, which can

optionally be activated under steam or C0 2, whereas the final Si/C mol ratio is less

than 1, and possibly comprised between 0.05 and 0.95 ;

(b) Transformation of said mesoporous preform containing silicon into mesoporous β-

SiC by reaction with an external source of silicon, in a non oxidizing atmosphere at

a temperature preferably lying between 1100°C and 1400°C.

Optionally, between the pyrolysis step (a) and the transformation step (b) the pyrolyzed

material is activated in order to increase the mesopore volume, preferably by steam

activation or C0 2 activation, either non catalytic or catalytic.

In this embodiment, for pore diameters in the 6 nm to 100nm range, the pore volume of

the SiC derived from the mesoporous carbon preform containing a sub-stoichiometric

amount of silicon is typically 30% to 80% of the pore volume of the carbon part of the

mesoporous carbon containing silicon, depending on the Si fraction contained in the

mesoporous preform of carbon containing silicon.

In another embodiment, said mesoporous carbon preform is produced from a mesoporous

carbon precursor that may be a mesoporous phenolic resin, preferably a phenolic plastic,

and even more preferentially selected from the group formed by mesoporous resoles,



mesoporous novolaks and mixtures of the two.

Said silicon source may be selected from the group formed by metallic silicon, silica,

silicon compounds and mixtures thereof. In particular, silicon powder can be used.

In one embodiment, said silicon source is intimately mixed with said mesoporous carbon

precursor. Advantageously, a preform is prepared from the mixture between said

mesoporous carbon precursor and said silicon source.

Said silicon source may be incorporated in said mesoporous carbon precursor before the

shaping leading to said preform, or contributed from the outside, for example in the form

of species of gaseous SiO formed in the carburising reactor.

Said preform may be obtained by a shaping method selected from the group formed by

extrusion, pressing of dough, atomisation, granulation, grinding, powder pressing, pouring

in a mould, emulsion, coating, or by a combination of these methods.

Said mesoporous carbon precursor may present itself before the shaping leading to said

preform in a crosslinked, partially crosslinked and/or non-crosslinked form. Said at least

partially crosslinked preform advantageously has a mesopore volume of at least 0.25 cm3

per gram of crosslinked resin, preferably at least 0.35 cm3 per gram of crosslinked resin,

and even more preferentially at least 0.40 cm3 per gram of crosslinked resin, and still

more preferably at least 0.45 cm3 per gram of crosslinked resin, measured after drying

and/or crosslinking at 150°C. This at least partially crosslinked preform, which is

mesoporous, is next pyrolysed, as described above, to form the mesoporous carbon

preform, which is then transformed into a shaped piece made from mesoporous β-SiC.

When the at least partially crosslinked preform is transformed into a shaped piece made

from β-SiC by passing through a carbon preform, the peak of the distribution of the

mesoporous diameter moves towards larger diameters. It is thus possible to adjust the

distribution of the mesopore diameter of the shaped piece made from β-SiC by using a

resin or a carbon preform of suitable mesoporosity.

The second subject matter of the invention is a shaped material or piece made of β-SiC

able to be obtained by the method according the first subject matter of the invention

and/or variants thereof, said piece being characterised in that it has mesopores with a

diameter of between 6 nm and 100 nm corresponding to a mesopore volume of at least

0.35 cm /g, preferably at least 0.40 cm /g and even more preferentially at least 0.45 cm /g

(determined by mercury intrusion porosimetry). In an advantageous embodiment, this



shaped piece is characterised in that it has a BET specific surface area of at least 30 m2/g

and preferably between 30 and 100 m2/g. Even more preferentially, the "mesoporous"

surface area calculated by the BET surface area less the microporous surface area is at

least 30 m2/g, preferably at least 40 m2/g, even more preferentially at least 50 m2/g, and

optimally at least 60 m2/g.

A third subject matter of the invention is the use of a shaped material or piece able to be

obtained by the method according to the invention, and more particularly the use of a

shaped piece as described above by its mesoporosity, as a catalyst carrier for reactions

involving at least one liquid phase. Having regard to the great chemical resistance of SiC

and the stability of its mesoporous structure, a shaped material or piece according to the

invention lends itself just as well to use as a catalyst carrier in an aggressive liquid

medium, for example for reactions aimed at biomass conversion.

The shaped material or pieces according to the latter subject matter of the invention are

particularly suitable as a catalyst carrier for the Fischer-Tropsch reaction; this reaction

poses very special problems with respect to the choice of the catalyst carriers, since it

transforms gaseous molecules among the most simple (H2 and CO, in the form of gases

that are pure or not) into a mixture of hydrocarbon molecules with very different masses,

said molecules being able to be in the form of gases or liquids (which may be very viscous

(waxes)) under the conditions of their catalytic synthesis. Said catalyst carrier for the

Fischer-Tropsch reaction may comprise an active cobalt phase to the extent of

approximately 5% to 30% by mass.

Another subject matter of the invention is a method of preparing a catalyst precursor

comprising the steps of preparing a catalyst support in the form of beta-SiC shaped pieces

according to the invention, and introducing a catalyst precursor compound of an active

catalyst component onto and/or into said catalyst support.

Still another subject matter of the invention is a catalyst precursor comprising a catalyst

support in the form of a beta-SiC shaped piece according to the invention, and a catalyst

precursor compound of an active catalyst component supported by the catalyst support.

Still another subject matter of the invention is a method of preparing a catalyst including

the steps of preparing a catalyst precursor using the method according to the invention,

and reducing the catalyst precursor, thereby activating the catalyst precursor and

obtaining the catalyst.

Still another subject matter of the invention is a catalyst comprising a catalyst support in

the form of a beta-SiC shaped pieces according to the invention, and an active catalyst

component supported by the catalyst support.



A last subject matter of the invention is a hydrocarbon synthesis process comprising

contacting hydrogen with carbon monoxide at a temperature above 100°C (preferably

from 180 to 250°C, more preferably 220 to 230°C) and a pressure of at least 10 bar

(preferably from 10 to 70 bar) with a catalyst according to the invention in order to produce

hydrocarbons and optionally oxygenates of hydrocarbons. This process may comprise a

hydroprocessing step for converting the hydrocarbons and optionally oxygenates thereof

to liquid fuels and/or chemicals.

Figures

Figures 1 to 13 illustrate various aspects of the invention and of the prior art.

Figure 1 shows the X-ray diffractogram of a β-SiC sample according to Example 4

(sample produced by the process according to the invention).

Figures 2 and 3 show the distribution of the pore volume for various diameters of pores

obtained by mercury intrusion of the samples according to the prior art described in

Example 1 (for figure 2) and Example 2 (for figure 3):

- curve A (dotted line): resin containing silicon inclusions, after drying at 150°C,

- curve B (broken line): carbon preform containing silicon inclusions, obtained by pyrolysis

of the resin,

- curve C (black line): β-SiC shaped piece obtained from the carbon preform containing Si

inclusions.

Figure 4 shows the distribution of the pore volume for various pore diameters obtained by

mercury intrusion of the samples described in Example 4 (samples produced by the

method according to the invention):

- curve A (dotted line) carbon balls,

- curve B (black line): β-SiC balls obtained from these carbon balls.

Figure 5 shows the X-ray diffractogram of a β-SiC sample according to Example 5

(sample produced by the process according to the invention).

Figure 6 shows the distribution of the pore volume for various pore diameters obtained by

mercury intrusion of the samples according to the invention described in Example 5 :

- curve A (dotted line): resin preform containing silicon inclusions, after drying at 150°C,



- curve B (broken line): carbon preform containing silicon inclusions, obtained by pyrolysis

of resin ,

- curve C (black line): β-SiC shaped piece obtained from the carbon preform containing

silicon inclusions.

Figure 7 shows micrographs recorded by scanning electron microscopy of the β-SiC

products obtained according to prior art Example 2 (figure 7a), according to inventive

Example 5 (figure 7b) and according to prior art Example 1 (figure 7c). The bar at bottom

right of each micrograph indicates 100 nm.

Figure 8 shows the distribution of the pore volume for various pore diameters (obtained by

the BJH (Barret-Joyner-Halenda) technique using the nitrogen adsorption (physisorption)

isotherm) of the samples according to the prior art described in Example 6 . Curve A

shows the pore distribution of a microporous β-SiC carrier, curve B shows the pore

distribution of the same carrier after deposition of 10% by weight finely divided cobalt.

Figure 9 shows the X-ray diffractogram of a β-SiC sample according to example 7 (sample

produced by the process according to the invention).

Figure 10 shows the distribution of the porous volume for different pore diameters

obtained by mercury intrusion for the sample described in Example 7 (sample produced

by the process according to the invention):

- Curve A (dotted line): carbon obtained by pyrolysis, with silicon inclusions;

- Curve B (black line): β-SiC obtained from this carbon with silicon inclusions, after

elimination (burning) of residual carbon by oxidation.

Figure 11 shows the distribution of the porous volume for different pore diameters

obtained by mercury intrusion for the samples of commercially available carbon balls used

in Example 4 (Curve B, black line) and in Example 8 (Curve A, dotted line).

Figure 12 refers to Example 8 (according to the invention) and shows the distribution of

the porous volume for different pore diameters obtained by mercury intrusion for the

samples of commercially available carbon balls used (Curve A , black line), and of the SiC

balls obtained from these carbon balls (Curve B, grey line). The dotted grey curve (Curve

C) refers to the same SiC balls after oxidation for three hours at 700°C in air.

Figure 13 shows images obtained by scanning electron microscopy of the carbon balls

used in Example 8 (figure 13a) and of the SiC balls obtained in Example 8 (figure 13b).



The white bar in the lower right edge of the photograph indicates the length of 100 µηι .

Description

1) Definitions and characterisation methods

The definition of mesoporosity according to UIPAC relates to pores with a diameter of

between 2 nm and 50 nm (see the article published by lUPAC in Pure & Applied

Chemistry, cited above, see also the article "Texture des materiaux pulverulents ou

poreux" by F Rouquerol et al, which appeared in the collection Techniques de I'lngenieur,

chapter P 1050). In the context of the present invention, mesoporosity is defined on the

basis of pores with a diameter between 6 nm and 100 nm. The inventors have found that,

for heterogeneous catalysis, and in particular for catalysis involving heavy molecules, this

range of pores appears to be optimum for limiting diffusion in the pores while generating

sufficient specific surface area for dispersing the active phase. The preferred

characterisation technique for measuring the distribution of the pore size (and in particular

of the pores that contribute to this mesoporosity) and for determining the mesopore

volume is the measurement of the penetration of mercury (also referred to as "mercury

intrusion porosimetry") assuming a fixed Hg contact angle of 130°. The Micromeritics™

AUTOPORE™ apparatus can be used. The resolution of this apparatus may be as much

as 6 nm. Pore sizes greater than 100 nm will generate little specific surface area, and for

example a solid having pores of 100 nm and a pore volume of 0.5 cm /g will have a

maximum specific surface area of 20 m2/g (taking pores with a cylindrical shape as the

model).

The specific surface area is measured by the adsorption of nitrogen using the Brunauer,

Emmet and Teller model (referred to as BET specific surface), described initially in J

American Chemical Society, vol. 60, p. 309-319 (1939) and well known to persons skilled

in the art (see for example the aforementioned article by F Rouquerol et al, or the book

"Adsorption" by K Hauffe and S R Morrison, Berlin 1974, p. 19-23). This measurement

was the subject of the French standard NF X 11-621 ; it can be made on a Micromeritics™

Tristar™ 3000 apparatus.

The microporous surface area is determined by a so-called t-plot trace, deducing the

external surface area. The t-plot method (or "t method") according to de Boer makes it

possible to determine the micropore volume of a solid as well as its external area. The

external area is the extent of the surface area of a non-porous, macroporous or



mesoporous solid (excluding the contribution of the micropores). In the case of an

absorbent containing micropores, the BET area and the external area, normally denoted

a(t), can be compared, on which a multimolecular layer can be formed with the relative

equilibrium pressure; the thickness t of this layer increases with the equilibrium pressure.

The difference between BET area and the external area is the surface area contributed by

the micropores. A detailed description of the technique is given in the abovementioned

article by F Rouguerol et al.

2) Detailed description

2 .1 Preparation of shaped β -SiC material

The inventors have found that the method for synthetising β-SiC shaped products by the

shape memory synthesis methods according to the prior art leads to β-SiC products that

are not particularly well suited for certain liquid-phase catalytic applications or ones

involving heavy molecules. They have also found that a critical aspect for these

applications is the distribution and the mesopore volume: a β-SiC carrier having a high

mesopore volume is more suitable than a β-SiC carrier having high microporosity, the

latter being particularly desirable in gaseous reactions involving simple molecules (for

example the depollution of exhaust gases, see for example WO 2005/038204).

More particularly, the methods described in the aforementioned document US 6 ,184, 178

and publication by P Nguyen and C Pham, which involve the following steps:

(i) combining silicon powder with a carbonisable thermoplastic or thermosetting resin ,

optionally addition additives such as other sources of carbon (for example: carbon

black, acetylene black, activated carbon), porogens, plasticisers, lubricants;

(ii) shaping this mixture:

(iii) subjecting the shaped mixture to a thermal cycle which comprises a low-

temperature step at approximately 150°C in order to dry and harden the resin if

this resin is thermosetting;

(iv) subjecting the shaped mixture (optionally hardened at step (iii)) to a heat treatment

at a temperature of between approximately 1200°C and approximately 1400°C, in

a non-oxydising atmosphere (argon for example);

lead to products having a pore volume stemming from mesoporosity of between 6 nm and

100 nm of less than 0.3 cm /g. This is illustrated in examples 1 and 2 .

Without wishing to be confined in this theory, the inventors think that, in this method

according to the prior art, the mesoporous lattice is formed by:

(a) interstitial gaps between the primary particles of SiC,



(b) cracks that form around silicon particles in the carbonised polymer resin,

(c) interstitial gaps in the additives (carbon black, acetylene black) converted into β-SiC,

(d) other gaps and fissures.

As indicated above, this known method consists of the conversion of a carbon precursor

preform that comprises silicon powders as a source of silicon , into a porous β-SiC shaped

piece that is suitable as a catalyst carrier. The present inventors discovered that, when

this preform comprises mesopores, these mesopores are preserved in the β-SiC shaped

piece. The choice of this precursor is critical. By way of example, activated carbon is not

suitable. The inventors discovered that it is possible to use as a mesoporous preform

either a carbon precursor preform or a preform already carbonised.

It is known that porous carbon (in particular activated carbon) is mainly microporous. It

may be obtained by the calcination of a natural precursor (wood , coal, etc.) in an inert

atmosphere, which leads to charcoal and tar, and then by the activation of the carbon by

steam or C0 2. The activated carbon that results therefrom has a very high specific surface

area greater than 500 m2/g, and is microporous (pores with a diameter of less 2 nm).

Tests on enlarging the pores of the activated carbon by catalytic activation or activation by

water vapour or C0 2 have not made it possible to control the diameter of the pores.

The present inventors discovered that, when mesoporous resins are used for synthesising

β-SiC, the mesoporosity of the mesoporous resin was preserved at least partially in the β-

SiC piece. In the method according to the present invention, phenolic resins are

advantageously used, which are preferably phenolic plastics that result from the reaction

between phenol (possibly substituted) and formaldehyde. These resins are known as

such, and have already been used for manufacturing carbon preforms by pyrolysis. They

may in particular be of the resole type or of the novolac type.

Novolacs are formed in an acid medium with formaldehyde/phenol molar ratios of less

than 1, for example 0.75. These are in general solids with a melting point up to 120°C,

soluble and fusible; they can be crosslinked by adding a crosslinking agent, typically a

hexamethylene tetramine (HMT), which dissolves in the novolac in the molten stage and

decomposes by hydrolysis.

Resoles are formed in a basic medium with formaldehyde/phenol molar ratios greater than

1 and up to 3 , for example 1.5. The crosslinking takes place spontaneously during heating

or sometimes by the addition of acid; it leads to an insoluble and non-fusible polymer.



It is known that phenolic resins can be converted into a porous carbonaceous structure by

carbonisation in an inert atmosphere using a temperature of approximately 600°C. After

carbonisation, the solid loses approximately 50% of its mass, and its volume reduces by

approximately 50%. The product obtained has a continuous vitreous structure with a

specific surface area of around 500 m2/g by virtue of the micropores generated by gaps

between particles. The median pore size is in general less than 1 nm. The carbon that

results therefrom is in general not mesoporous and the pore volume corresponding to the

pores with a diameter of between 6 and 100 nm is extremely small. Activation at high

temperature (above 750°C) under water vapour and/or C0 2 will lead to an increase in

micropore volume and consequently the specific surface area; this is accompanied by a

loss of mass and leads to a reduction in mechanical strength. These resins are therefore

not suitable as they stand in the context of the present invention.

According to the invention, mesoporous carbon can be manufactured by pyrolysis of a

mesoporous phenolic resin. A mesoporous phenolic resin can be manufactured by various

methods, for example by the addition of a porogen to a phenolic resin, followed by

crosslinking thereof, removal of the porogen and carbonisation of the phenolic resin in

order to obtain the mesoporous carbon. Another method that may suit is described in the

patent US 8,227,51 8 B 1 (British American Tobacco Ltd).

A description will now be given in detail of the method according to the invention. The

present invention concerns a method for manufacturing a β-SiC mesoporous shaped

piece that can be used as a catalyst carrier. This method comprises a step in which a

preform is obtained comprising a mixture of a mesoporous phenolic resin with a source of

silicon (preferably silicon powder), and a step in which said preform is subjected to a heat

treatment in a non-oxidising atmosphere in order to transform said mesoporous phenolic

resin into a β-SiC mesoporous piece. Typically, the resin preform is dried and crosslinked

and then pyrolysed in order to form a mesoporous carbon preform. Optionally, the carbon

preform can be activated under a stream of either steam or C0 2 in order to further

increase its mesopores volume per gram of carbon. The transformation into β-SiC

proceeds by reaction between the carbon and silicon , probably passing through the

intermediate reactive species SiO. The silicon can be contained in the carbon preform , for

example in the form of an elementary silicon powder (Dubots method, see EP 0 440 569

B1 or EP 0 952 889 B1) , as described above, and/or in the form of silica powder, and/or it

may be contributed from outside, for example in the form of SiO vapour (Ledoux method ,

see EP 0 313 480 B 1 ) .



According to the invention, said β-SiC mesoporous piece has a mesopore volume relating

to the pores with a diameter of between 6 nm and 100 nm that is greater than 0.30 cm /g,

preferably greater than 0.35 cm /g, but for reactions involving heavy molecules such as

the Fischer-Tropsch reaction a mesopore volume greater than 0.40 cm /g or even greater

than 0.45 cm /g is preferred.

The inventors found that the mesoporosity of the phenolic resin was preserved at least

partially in the β-SiC piece. The specific surface area of the β-SiC mesoporous piece

according to the invention is typically comprised between 30 m2/g and 100 m2/g, the major

part of this surface area being generated by mesopores with a size of between 6 nm and

100 nm, and in particular by mesopores with a size of between 10 nm and 50 nm. This

mesoporosity is obtained from a carbon preform having mesopores with a diameter of

between 6 nm and 100 nm with a pore volume greater than 0.30 cm3 per gram of carbon

(and preferably greater than 0.35 cm3 per gram of carbon and even more preferentially

greater than 0.40 cm3 per gram of carbon). Such a mesoporous carbon preform may be

obtained from a carbonisable mesoporous resin having (after drying and cross-linking)

mesopores with a diameter of between 6 nm and 100 nm with a pore volume greater than

0.30 cm3 per gram of resin (and preferably greater than 0.35 cm3 per gram of resin and

even more preferentially greater than 0.40 cm3 per gram of resin). Said preform may

contain a silicon precursor, for example elementary silicon powder or silica. In general

terms, if the silicon precursor is integrated in the resin (for example in the form of silicon

powder or silica powder), it is advantageous to adjust the composition of the resin so that

the carbon preform (after pyrolysis or pyrolysis followed by activation) has an Si/C molar

ratio of approximately 1; in making this adjustment account is taken in particular of the

carbon yield of the resin under the pyrolysis conditions. A person skilled in the art will

usefully refer to the execution examples given below.

In general terms, according to the present invention, mesoporous β-SiC pieces can be

obtained by the following methods:

( 1 ) A carbonisable resin (typically a phenolic resin) is shaped in order to obtain a

mesoporous carbonisable resin preform, and said mesoporous preform is pyrolysed in an

inert atmosphere in order to obtain a mesoporous carbon preform . Next said mesoporous

carbon preform is put in contact with a source of gaseous SiO, such as Si0 2, Si or a

mixture of the two, and the mesoporous preform is transformed into a β-SiC mesoporous

shaped piece at high temperature by the reaction of the gaseous SiO with the

mesoporous carbon shaped piece. This method can be performed in a single step with a

continuous temperature rise or in steps, to dry the resin after the shaping, to pyrolyse the



resin , to form the carbon preform and then to form the carbide with the gaseous SiO

source.

(2) A preform of a non-crosslinked or partially crosslinked phenolic resin is produced ,

which contains silicon powder, and this preform is transformed into a mesoporous β-SiC

shaped piece at high temperature under inert atmosphere; the phenolic plastic resin may

be partially crosslinked.

(3) A preform of a partially or completely crosslinked mesoporous phenolic resin or of a

mesoporous carbon is produced , containing silicon powders and a specific binder, said

binder being able preferably to be a precursor of β-SiC, such as a mixture of a phenolic

resin with silicon powders, and this preform is transformed at high temperature in an inert

atmosphere into a β-SiC mesoporous shaped piece.

In conventional activated carbon, the mesoporous structure with a diameter < 2 nm as

defined by lUPAC reflects the nature of the precursor and is generally considered to have

a slot shape derived from the space between bonded sheets of condensed aromatic rings.

The nanostructure of the carbon materials derived from phenolic resin is very different: it

derives from the crosslinking method. This method leads to very small highly crosslinked

resin domains that form during the pyrolysis of the dense microdomains, very close

together, of vitreous carbon. This structure leads to a mean size of pores generated by the

gaps between particles; this size is around 0.8 nm. A more detailed presentation of the

carbonaceous materials derived from phenolic resins was given by S R Tennison in

Applied Catalysis A : General 173 ( 1998) 289-31 1.

Mesopores with a size greater than 2 nm (according to the definition of the lUPAC) or with

a size greater than 6 nm (as defined in the context of the present invention) may be

introduced into the carbonaceous materials derived from the phenolic resins by a solvent-

based method described in the aforementioned patent US 8,227,51 8 . In this method, the

precursor resin of the novolac type and the crosslinking agent are dissolved in the

porogenic solvent in order to create a mass (mesoporous resin precursor mixture) which

typically has the consistency of a gel and the viscosity of which depends more generally

on the proportions of resin and solvent. In order to form resin balls, this solution is

dispersed in hot oil : the contact with the hot oil initiates the crosslinking of the resin on the

surface of the ball and fixes its geometry. In order to form blocks of resin , the viscosity is

adjusted and the mesoporous resin precursor mass is shaped . The solvent trapped in the

mesoporous resin precursor mass generates the mesopores; this mesoporous structure

must be fixed by at least partial crosslinking before the complete removal of the porogenic



solvent. After removal of the porogenic solvent and carbonisation (under protective gas,

such as nitrogen or argon), the at least partially crosslinked phenolic resin mesoporous

preforms (for example the balls) are transformed by pyrolysis into mesoporous carbon

preforms (for example in balls). Such a mesoporous material is available commercially

(from the company MAST Carbon UK), in particular in the form of balls. This form is well

suited to the present invention, but is not the only one possible. It is also possible to

prepare blocks of mesoporous resin of any form, to reduce these blocks (typically by

crushing and/or grinding) into powder and to integrate this powder in a carbonisable

crosslinkable resin (for example phenolic) that is shaped in order to obtain a preform (a

shaped piece) of mesoporous resin, for example according to variants ( 1 ) and (2)

indicated above.

The mesoporous carbon preforms, and in particular the balls, can be put in contact with a

fine (elementary) silicon and/or silica powder that acts as a gaseous SiO precursor

diffusing inside the ball during the carburation reaction. In a preferred embodiment, the

gaseous SiO precursor is elementary silicon. The silicon particles are advantageously of

average size of less than 5 µ η (preferably less than 3 µ η ) and the mixture can be

developed in a high-shearing solid mixer or by means of an alcoholic suspension of the

carbon balls with the silicon particles. When the suspension is dried, the powders come

into close contact with the balls.

The solid mixture is then heated at a temperature below 1400°C (but sufficient to form the

SiC) under argon in order to transform the mesoporous carbon preforms (for example the

balls) into mesoporous β-SiC shaped pieces (for example balls).

In a similar manner, the gaseous SiO precursor (for example the elementary silicon

powder or the silica powder) can be introduced directly into the mesoporous resin

precursor mixture, the resin is at least partially crosslinked in order to obtain an at least

partially crosslinked mesoporous resin preform, and then said at least partially crosslinked

resin preform is pyrolysed in order to obtain the mesoporous carbon preform. Then the

carburation is carried out on the carbon preform under the conditions indicated above;

during this step, the silicon present in the resin reacts with the carbon (probably by means

of the SiO gaseous species, but this hypothesis has no limiting effect on the scope of the

invention). In some cases it may be useful to burn any excess of carbon.

In this way mesoporous β-SiC shaped pieces are obtained that have (i) the form of the

mesoporous carbon preform, and (ii) a mesoporosity similar to that of the mesoporous

carbon preform. As shown in the examples, it is possible to characterise the mesoporosity



(and in particular the mesopore volume) for the at least partially crosslinked resin shaped

piece, for the pyrolysed carbon shaped piece and for the β-SiC shaped piece.

In the method according to the invention, the at least partially crosslinked resin

mesoporous preform, the carbon mesoporous preform and the β-SiC mesoporous shaped

piece may have any shape; it may for example be in the form of balls (of different sizes),

pellets, cylindrical or rectangular pieces, rings, plates, alveolar foams or moulded pieces.

Example 4 below describes in detail the mesoporous β-SiC material that results from the

transformation of mesoporous carbon ball preforms into β-SiC mesoporous balls

according to the invention; the mean diameter of the pores of the mesoporous carbon is

maintained and even slightly increased when the material is transformed into silicon

carbide.

Another embodiment of the method according to the invention for manufacturing

mesoporous β-SiC shaped pieces, in the form of microballs, consists of manufacturing a

mesoporous phenolic resin precursor mixture comprising particles of silicon, and shaping

it before crosslinking of the resin, by atomisation or a method involving an emulsion. In a

variant of this embodiment, the shaping is effected by pouring or moulding.

After the shaping, the mesoporous phenolic plastics comprising the silicon particles can

be transformed into mesoporous β-SiC balls, spherical in shape and having a smooth

surface.

In another embodiment of the method according to the invention, a mesoporous phenolic

resin is manufactured contained silicon particles and the material is partially crosslinked,

and then the material is ground in order to obtain the required particle size.

The partially crosslinked mesoporous phenolic resin containing silicon powder can be

shaped by any method known to persons skilled in the art, such as: extrusion, granulation,

pressing of tablets, atomisation.

By way of example, the powders can be shaped by extrusion with the addition of water

and a binder for a green piece, such as PVA or cellulose ether. After drying, the preform is

subjected to a heat treatment leading to the sintering of the crosslinked phenolic plastic

particles comprising particles of silicon between them. The phenolic plastic preform

comprising silicon particles can then be transformed into a β-SiC shaped piece at a

temperature between 1200°C and 1400°C under a non-oxidising atmosphere.



Yet another method for producing mesoporous β-SiC shaped pieces consists of the

shaping of phenolic resin comprising silicon particles, said phenolic resin being fully

crosslinked and ground, said shaping taking place by means of a binder comprising a

mixture of phenolic resin and silicon, wherein said mixture can be composed of partially

crosslinked phenolic resin containing silicon .

2.2 The catalyst precursor

a) Introduction

The product obtainable by the method according to the invention, namely the mesoporous

β-SiC shaped material or shaped pieces, can be used as a catalyst carrier, in particular in

transported and/or fluidised bed reactors, or in suspended bubble column reactors, since

it is possible to prepare β-SiC balls the shape of which may be perfectly spherical with a

smooth surface and a high resistance to attrition. A preferred use of these balls is that as

a catalyst carrier for the Fischer-Tropsch reaction used in a suspended bubble column.

The product obtainable by the method according to the invention may also be used in

other geometric forms, for example in the form of extruded pieces, and in particular in

fixed-bed reactors (for example for catalysing the Fischer-Tropsch reaction).

In order to use the catalyst carrier according to the invention in a catalytic process, a

catalyst precursor usually needs to be formed first, by applying a precursor compound of

an active catalyst component (said active catalyst component being also called active

phase) to said catalyst carrier, often followed by calcination (usually thermal

decomposition of a metal salt (the precursor compound) into a metal oxide). This is

usually followed by an activation stage (reduction by a reducing agent such as hydrogen)

that may be carried in situ, i.e. inside the catalytic reactor. Said precursor compound

usually is an oxygen-bearing metal salt, such as a carbonate or a nitrate.

b) The catalyst precursor

The catalyst precursor may comprise a catalyst support in the form of beta-SiC shaped

material or shaped pieces according to the invention and at least one compound of an

active catalyst component carried on the catalyst support. The active catalyst component

may be any suitable component, but preferably it is a component catalytically active in a

process for synthesising hydrocarbons and/or oxygenates of hydrocarbons from at least

hydrogen and carbon monoxide. Preferably the process is a FT synthesis process. The

FT process may be performed in a fixed bed reactor, slurry bed reactor or a fixed fluidized

bed reactor. Preferably the FT process is a three phase slurry bed FT synthesis process.



The active catalyst component may be a known component active for a FT synthesis

process, and may be selected from the group consisting of cobalt (Co), iron (Fe), nickel

(Ni) and ruthenium (Ru). Cobalt (Co) is preferred.

The compound of the active catalyst component may be an oxide compound, including an

oxy hydroxy compound. In the case of cobalt as an active catalyst component the

compound of cobalt may be a compound selected from the group consisting of CoO,

CoO(OH), C03O4, C02O3 or a mixture of one or more thereof. Preferably the active catalyst

component of cobalt is selected from the group consisting of CoO, CoO(OH) and a

mixture of CoO and CoO(OH).

The catalyst precursor may contain cobalt (Co) as an active component at a loading of

from 5 to 70 g Co/1 00 g catalyst support preferably from 20 to 40 g Co/1 00 g catalyst

support, and more preferably from 25 to 35 g Co/1 00 g catalyst support.

c) Catalyst precursor preparation

The catalyst precursor may be prepared by introducing a catalyst precursor compound of

the active catalyst component onto and/or into a catalyst support in the form of beta-SiC

shaped material or shaped pieces according to the invention, as described above.

The active catalyst component is a component as described hereinabove, and preferably

it is cobalt.

The catalyst precursor compound may be any suitable compound of the active catalyst

component. Preferably it is an inorganic compound, preferably an inorganic salt of the

active catalyst component. The catalyst precursor compound may be cobalt nitrate, and

particularly it may be Co(N0 3)2-6H20 .

The catalyst precursor compound may be introduced onto and/or into the catalyst support

by any suitable manner, but preferably it is by means of impregnation. Preferably the

catalyst support is impregnated by the catalyst precursor compound by forming a mixture

of the catalyst precursor compound; a liquid carrier for the catalyst precursor compound ;

and the catalyst support.

The liquid carrier may comprise a solvent for the catalyst precursor compound and

preferably the catalyst precursor compound is dissolved in the liquid carrier. The liquid

carrier may be water.



The impregnation may be effected by any suitable impregnation method, including

incipient wetness impregnation or slurry phase impregnation

The impregnation may be carried out at sub-atmospheric pressure, preferably below 85

kPa(a), preferably at 20kPa(a) and lower. Preferably the impregnation is also carried out

at a temperature above 25°C (replaces elevated temp.). Preferably the temperature is

above 40°C, preferably above 60°C, but preferably not above 95°C.

The impregnation may be followed by partial drying of the impregnated support, preferably

at a temperature above 25°C.

The partially dried catalyst support with the catalyst precursor compound thereon and/or

therein may be calcined. The calcination may be effected in order to decompose the

catalyst compound or causing it to react with oxygen. For example, cobalt nitrate may be

converted into be a compound selected from CoO, CoO(OH), Co30 4, Co20 3 or a mixture

of one or more thereof.

The calcination may be carried out in an inert atmosphere, but preferably it is carried out

in the presence of oxygen, preferably in air.

Preferably the calcination is carried out at a temperature above 95°C, preferably above

120°C, preferably above 200°C, and more preferably above 400°C, preferably at least

450°C, preferably at least 500°C and even above 550°C, but preferably not above 650°C.

This is especially the case where cobalt is the active catalyst component.

The impregnation, the partial drying and calcination may be repeated to achieve higher

loadings of the catalyst precursor compound on the catalyst support.

One unexpected advantage of the catalyst carriers according to the invention is that,

because of the larger volume of pores (i.e. because of the fact that the mesoporosity is

increased), manufacture of catalyst precursors by impregnation of the supports with a

precursor of the active phase in the liquid phase is facilitated. By way of example and as

explained above, it is known that, for preparing catalysts for the Fischer-Tropsch reaction,

a high metal charge (typically cobalt) is necessary. As explained above, this metal is

added by impregnation of the support with a solution of a salt of the required metal

(cobalt) in a suitable solvent, followed by drying and calcination of the carrier, in order to

transform the salt into metal oxide; this oxide is subsequently reduced into finely divided

metal that forms the active phase. However, with the carriers according to the prior art,

this impregnation must be repeated several times in order to achieve the necessary metal

salt charge; this well-known problem in particular with catalysts for the Fischer-Tropsch

reaction, which require a particularly high metal charge, is described for example in the

patent US 6,130,184 (Shell). The applicant has found that, with the mesoporous carrier



according to the invention, at least one impregnation operation, for achieving an equal

metal salt charge, is saved on. This is probably due to the fact that, in the carriers

according to the invention, the penetration of a larger metal salt solution volume makes it

possible, for an identical concentration , to deposit a higher quantity of salt in the whole of

the mesoporosity.

d) Active catalyst

The active catalyst comprises the catalyst precursor which has been subjected to an

activation step to reduce the compound of the active catalyst component to a catalytically

active form.

The active catalyst may comprise a catalyst support in the form of beta-SiC shaped pieces

as described above; and at least one active catalyst component in a catalytically active

form carried on the catalyst support. The catalyst component may be any suitable

component, but preferably it is a component catalytically active in a process for

synthesising hydrocarbons or oxygenates of hydrocarbons from at least hydrogen and

carbon monoxide. Preferably the process is a FT synthesis process, preferably a three

phase FT synthesis process, preferably a slurry bed FT synthesis process.

The active catalyst component is a component as described above.

The active catalyst component is preferably in its metallic form to be in the catalytically

active form. In a preferred embodiment of the invention the metallic active catalyst

component is in the form of crystallites.

The active catalyst may contain cobalt (Co) as an active component at a loading of from 5

to 70 g Co/1 00 g catalyst support preferably from 20 to 40 g Co/1 00 g catalyst support,

and more preferably from 25 to 35 g Co/1 00 g catalyst support.

e) Active catalyst preparation

The active catalyst may be prepared by subjecting the catalyst precursor (preferably the

calcined catalyst precursor) as described above to reduction conditions to activate the

catalyst precursor.

The catalyst precursor is preferably treated with a reducing gas to activate the catalyst

precursor. Preferably, the reducing gas is hydrogen or a hydrogen containing gas. The

hydrogen containing gas may consist of hydrogen and one or more inert gases which are



inert in respect of the active catalyst. The hydrogen containing gas preferably contains at

least 90 volume % hydrogen.

The treatment with the reducing gas may be carried out at an elevated temperature,

preferably of at least 200°C, more preferably at least 300°C, and most preferably at least

400°C, to activate the catalyst precursor. The temperature during treatment with the

reducing gas is preferably at least 450°C, more preferably at least 500°C, most preferably

about 550°C and even above. During reduction, cobalt metal may be formed.

f) Hydrocarbon synthesis

According to another aspect of the present invention there is provided a hydrocarbon

synthesis process comprising contacting hydrogen with carbon monoxide at a

temperature above 100°C (preferably from 180 to 250°C, preferably 220 to 230°C) and a

pressure of at least 10 bar (preferably from 10 to 70 bar) with a catalyst as set out above

in order to produce hydrocarbons and optionally oxygenates of hydrocarbons.

Preferably the hydrocarbon synthesis process is a Fischer-Tropsch process, preferably a

three phase Fischer-Tropsch process, more preferably a slurry bed Fischer-Tropsch

process for producing a wax product.

The hydrocarbon synthesis process may also include a hydroprocessing step for

converting the hydrocarbons and optionally oxygenates thereof to liquid fuels and/or

chemicals.

According to yet another aspect of the present invention there is provided products

produced by the hydrocarbon synthesis process as described above.

The following examples illustrate certain aspects of the invention to enable a person

skilled in the art to implement the invention, but do not limit the scope thereof.

Examples

Examples 1 to 3 and 6 illustrate methods according to the prior art, by way of comparison.

Examples 4 , 5 , 7 , and 8 illustrate methods according to the invention.

Example 1 (comparative) : Standard porous SiC material

This example duplicates example 1 of the patent US 6,184,178.

1500 g of silicon powder, 448 g of carbon black (BET surface area = 100 m2/g), 502 g of a



solid phenolic resin , 50 g of hexamethylene tetramine (crosslinking agent), 900 g of water

and 150 g of plasticiser were mixed. This mixture was shaped in an extrusion press in

order to obtain cylindrically shaped extruded pieces with a diameter of 1 mm and a length

of approximately 3 mm. These pieces were heated for 3 hours at 150°C in air in order to

dry them and harden the phenolic resin . These dried pieces have a mesopore volume of

0.01 cm /g and 0.06 cm /g for pores with a diameter of between respectively 6 nm and 50

nm, and 6 nm and 100 nm.

These dried pieces were heated under argon at atmospheric pressure at a temperature of

800°C in order to pyrolyse the resin and transform it into carbon. The material obtained

has a mesopore volume of 0.01 cm /g and 0.07 cm /g for the pores with a diameter

between respectively 6 nm and 50 nm , and 6 nm and 100 nm . Its specific surface area is

122 m2/g, 115 m2/g of which is attributed to micropores. (The value of 0.07 cm /g

corresponds to 0.23 cm3 per gram of carbon for a C/Si molar ratio of 1; see table 1) .

The same dried pieces were heated under argon at atmospheric pressure at a

temperature of 1360°C in order to complete the pyrolysis of the resin and then produce

the SiC. The material obtained has a mesopore volume of 0 .17 cm /g and 0.26 cm /g for

the pores with a diameter between respectively 6 nm and 50 nm and 6 nm and 100 nm.

Its BET specific surface area was 30 m2/g, 0 m2/g of which was microporous surface area

measured by the t-plot technique.

The pore distributions measured by mercury intrusion of these various samples are set

out in figure 2 . Figure 7c shows a micrograph (SEM) of the β-SiC product obtained .

Example 2 (comparative) : Standard porous SiC material

This example illustrates another method according to prior art that uses, as a single

source of carbon , a phenolic resin not having sufficient mesoporosity.

1500 g of silicon powder, 1181 g of a solid phenolic resin , 78 g of hexamethylene

tetramine (crosslinking agent), 500 g of water and 150 g of plasticiser were mixed. This

mixture was shaped in an extrusion press in order to obtain cylindrically shaped extruded

pieces with a diameter of 2 mm and a length of approximately 3 mm. These pieces were

heated for 3 hours at 150°C in air in order to dry them and harden the phenolic resin.

These dry pieces have a mesopore volume of 0.0 1 cm /g and 0.02 cm /g for pores with a

diameter of between respectively 6 nm and 50 nm , and 6 nm and 100 nm.



These dried pieces were heated under argon at atmospheric pressure at a temperature of

800°C in order to pyrolyse the resin and transform it into carbon. The material obtained

has a mesopore volume of 0.04 cm /g and 0.05 cm /g for the pores with a diameter

between respectively 6 nm and 50 nm, and 6 nm and 100 nm. Its specific surface area is

239 m2/g, 238 m2/g of which is attributed to micropores.

The same dried pieces were heated under argon at atmospheric pressure at a

temperature of 1360°C in order to pyrolyse the resin and then produce the SiC. The

material obtained has a mesopore volume of 0.18 cm /g and 0.24 cm /g for the pores with

a diameter of between respectively 6 nm and 50 nm, and 6 nm and 100 nm. Its specific

surface area measured by the BET technique was 2 1 m2/g, 0 m2/g of which was

microporous surface area measured by the t-plot technique.

The pore distributions (measured by mercury intrusion) of these various samples are set

out in figure 3 . Figure 7a shows a micrograph (SEM) of the β-SiC product obtained.

In this example the great change is noted in the structure between the carbon piece, with

a very high BET specific surface area but no mesoporosity, and the β-SiC piece which has

a small microporous BET specific surface area but a relatively high mesoporosity;

according to the findings of the present inventors, this value can be exceeded only by

using a mesoporous resin.

Example 3 (comparative) : Standard porous SiC material

This example reproduces example 2 , but using a greater quantity of phenolic resin in the

initial mixture.

Thus 1500 g of silicon powder, 1235 g of a solid phenolic resin, 78 g of hexamethylene

tetramine (crosslinking agent), 550 g of water and 150 g of plasticiser were mixed. This

mixture was shaped in an extrusion press in order to obtain cylindrically shaped extruded

pieces with a diameter of 2 mm and a length of approximately 3 mm. These pieces were

heated for 3 hours at 150°C in air in order to dry them and harden the phenolic resin, and

then they were heated under argon at atmospheric pressure at a temperature of 1360°C in

order pyrolyse the resin, and then produce the SiC. The material obtained has a

mesopore volume of 0.12 cm /g and 0.17 cm /g for the pores with a diameter of between

respectively 6 nm and 50 nm and 6 nm and 100 nm. Its specific surface area measured by

the BET technique was 57 m2/g including 32 m2/g of microporous surface area measured

by the t-plot technique.



The high specific surface area mainly consists of microporous surface area attributed to

the presence of residual carbon in the material.

The residual carbon was then burnt by a heat treatment in air at 700°C. The material then

had a mesopore volume of 0.15 cm /g and 0.21 cm /g for pores with a diameter of

between respectively 6 nm and 50 nm and 6 nm and 100 nm. Its specific surface area

measured by the BET technique was no more than 18 m2/g, including 2 m2/g of

microporous surface area measured by the t-plot technique.

This example demonstrates that the BET specific surface area is not a sufficient criterion

for demonstrating the presence of a high mesopore volume. On the other hand, the

difference between the BET surface area and the microporous surface area measured by

the t-plot technique gives a better indication of the quantity of mesopores.

Example 4 (according to the invention) :

Mesoporous balls of β-SiC from mesoporous balls of carbon

Carbon balls with a diameter of between 90 µ η and 125 µ η having a BET specific

surface area of 560 m2/g were procured (supplier: MAST Carbon, Basingstoke, UK; trade

reference: TE3). These balls had been prepared from a mesoporous resin.

The mean size of the pores of these carbon balls was determined by nitrogen adsorption,

and was 13 nm. Their mesopore volume was 0.24 cm /g and 0.28 cm /g for the pores with

a diameter of between respectively 6 nm and 50 nm and 6 nm and 100 nm. Their BET

surface area was 560 m2/g including 463 m2/g attributed to the micropores.

100 parts by mass of these carbon balls was mixed with 466 parts by mass of micronized

silicon powder (d
50

< 1 µ η ) in ethanol in order to obtain a homogenous paste. After

evaporation of the solvent the solid mixture was spread on a graphite sheet that was

placed in an electric oven under controlled atmosphere. The oven was scavenged with

argon and heated to 1360°C; this temperature was maintained for 1 hour. It was left to

cool and then the resulting powder was sieved and washed with distilled water. The

fraction sieved with a grain size of between 50 µ η and 150 µ η was washed with an

aqueous solution of 20 parts by mass of NaOH at 70°C in order to eliminate any silica

remains that might have been produced during the process.

The solid thus obtained had the crystallographic structure of β-SiC, as can be seen in



Figure 1; it had a mesopore volume of 0 .19 cm /g and 0.20 cm /g for the pores with a

diameter of between respectively 6 nm and 50 nm and 6 nm and 100 nm. Its specific

surface area measured by the BET technique was 38 m2/g of which 0 m2/g of microporous

surface area measured by the t-plot technique.

After oxidation for three hours at 700°C in air the mesopore volume of the SiC balls

remained virtually unchanged: 0 .18 cm /g and 0 .19 cm /g for the pores with a diameter of

between respectively 6 nm and 50 nm and 6 nm and 100 nm.

The pore distribution curves (measured by mercury intrusion) in Figure 4 compare the

initial carbonaceous material with the SiC material obtained after heat treatment in the

presence of a source of silicon. This figure demonstrates that the initial mesostructure of

the carbon is almost completely preserved after transformation into SiC, with a slight shift

of the distribution curve towards the larger pore diameters. This example demonstrates

that it was possible to convert a mesoporous carbonaceous preform into a mesoporous

SiC shaped piece by the addition of an external source of silicon. In this case, there is a

reduction by a factor of 1.4 of the porous mesopore volume between the initial carbon and

the final SiC. Surprisingly, this reduction is small compared with the theoretical loss of 3.3

expected according to the molar mass ratio between the starting carbon and the final SiC.

It was found that the use of a carbon preform having a higher mesopore volume leads,

after conversion into SiC according to this method described in the present example 4 , to

an SiC the mesopore volume of which is also increased and in particular greater than 0.35

cc/g if a carbonaceous preform is used the mesopore volume of which is greater than 0.50

cc/g (this will be demonstrated in Example 8).

Example 5 (according to the invention) :

Mesoporous β-SiC shaped piece from mesoporous resin comprising a silicon powder

A mesoporous phenolic resin containing a dispersion of silicon powders was

manufactured. Its composition was adjusted so as to produce, after pyrolysis, 100 parts

by mass of mesoporous carbon , and it comprised 233 parts by mass of silicon powders

with a particle size of d
50

= 2.5 µ η . After shaping, the resin was heated for 3 hours at

150°C under air in order to dry and harden the resin . The dried product thus obtained had

a mesopore volume of 0.40 cm /g and 0.50 cm /g for the pores with a diameter of

between 6 nm and 50 nm and between 6 nm and 100 nm, respectively. These pieces

were next heated under argon at atmospheric pressure at a temperature of 800°C in order

to pyrolyse the resin and transform it into carbon. The material obtained had a mesopore

volume of 0.32 cm /g and 0.48 cm /g for the pores with a diameter respectively between 6



nm and 50 nm and between 6 nm and 100 nm. Its specific surface area was 145 m2/g

including 112 m2/g attributed to micropores.

These carbon pieces were heated at 1360°C for 1 hour in an electric oven under argon

flow at atmospheric pressure, in order to produce the SiC. After cooling, the material was

analysed by X-ray diffraction, which revealed the β-SiC crystalline phase and a little

residual silicon (figure 5) . This material had a mesopore volume of 0.43 cm /g and 0.62

cm /g for the pores with a diameter of between 6 nm and 50 nm and between 6 nm and

100 nm respectively. Its specific surface area determined by the BET technique was

48 m2/g including 4 m2/g of microporous surface area measured by the t-plot technique.

The pore distributions (determined by mercury intrusion) of these various samples are set

out in figure 6. The shift of the peak of the distribution of the diameters of mesopores

towards higher diameters when changing from the at least partially crosslinked resin

preform (A) to the carbon preform (B) and finally to the β-SiC shaped piece (C) is noted.

Figure 7b shows a micrograph (SEM) of the β-SiC product obtained.

Table 1

"Resin" means: sample (which may, where applicable contain silicon) dried and
crosslinked.
"Carbon" means: a pyrolysed sample (which may, where applicable, contain silicon).
The values of the mesopore volume are "as measured on the sample", the values
between parentheses have been recalculated in "cm3 per gram of carbon" by multiplying
the "values as measured on the sample" by (28+12)/12, the Si/C molar ratio in the
carbon preforms being approximately 1.
"SiC" means: the final β-SiC material.
"ND" means: not determined.
"SiC(1 )" means: as obtained, with excess of carbon.
"SiC(2)" means: after combustion of the excess carbon.



Example 6 (comparative) :

A 10% Co/SiC catalyst was prepared comprising an active phase of cobalt (deposited by

a method described in more detail below) on a microporous β-SiC carrier having a BET

specific surface area of approximately 58 m2/g, including 27 m2/g of micropores.

After the deposition of the active phase on the carrier that was in the form of grains, the

specific surface area measured was no more than 24 m2/g. Figure 8 shows the pore

distributions of the starting SiC sample (curve A), as well as that of the catalyst after

deposition of 10% by mass of Co (curve B). The small-diameter pores (micropores)

present on the original carrier disappeared after deposition of the active phase, and are

therefore of no use for the Fischer-Tropsch catalytic reaction or other reaction involving at

least one liquid phase; on the other hand, their contribution to the BET surface area is

significant. This example therefore shows that the microporosity of the support is not an

important parameter for a catalyst very heavily loaded in the active phase (as are normally

the catalysts used for the Fischer-Tropsch synthesis), since the active phase has a

tendency to block access to the micropores. In the example, the 10% Co charge is rather

low for a Fischer-Tropsch catalyst.

In this example, the active phase of cobalt was deposited by the following method: an

aqueous solution of cobalt nitrate was prepared, which is impregnated on the SiC by the

porous volume method. The concentration of the cobalt nitrate is calculated so as to

obtain the required cobalt load in the final catalyst. The solid was then dried in ambient air

for 4 hours and then stoved at 110°C for 8 hours. It then underwent calcination in air at

350°C (slope of 2°C/min) for 2 hours in order to obtain the oxygen precursor of the

catalyst, Co30 4/SiC. The 10% Co catalyst was obtained by reduction of the oxide

precursor under hydrogen flow at 300°C (slope of 3°C/min) for 6 hours.

Example 7 (according to the invention) :

A mesoporous phenolic resin commercialised by the company MAST Carbon

(Basingstoke, UK, commercial reference: TE7) was provided as a powder with a mean

grain size of 40 µ η . 100 parts by mass of this resin were mixed with 104 g of metallic

silicon powder with a mean grain size of 3 µ η and as much water as needed to prepare a

paste. This mixture was treated for 3 hours at 800°C under argon in order to transform the

phenolic resin into carbon (pyrolysis). The material obtained had a mesopore volume of

0 .19 cm /g and 0.43 cm /g for the pores with a diameter respectively between 6 nm and



50 nm and between 6 nm and 100 nm. Per gram of carbon the mesopore volume was

thus 0.63 cm /g and 1.43 cm /g for the pores with a diameter respectively between 6 nm

and 50 nm and between 6 nm and 100 nm.

The same initial mixture was treated for one hour at 1360°C under argon flow. The

obtained product was characterised by X-ray diffraction and showed the presence of beta

silicon carbide as the only crystalline phase (see figure 9). It had a mesopore volume of

0.28 cm /g and 0.55 cm /g for the pores with a diameter respectively between 6 nm and

50 nm and between 6 nm and 100 nm, and a BET specific surface area of 114 m2/g,

including 62 m2/g attributed to micropores. This significant microporous surface area is

attributed to the presence of residual pyrolytic carbon.

The obtained β-SiC was then oxidised for 3 h in air at 600°c in order to burn the residual

carbon present after the SiC synthesis. This operation led to a mass loss (attributed to the

burning off of excess carbon) of 5.6%. The obtained product had a mesopore volume of

0.1 1 cm /g and 0.47 cm /g for the pores with a diameter respectively between 6 nm and

50 nm and between 6 nm and 100 nm, and a BET specific surface area of 32 m2/g,

without any measurable microporous surface.

Figure 10 shows the pore distribution obtained by mercury intrusion for the as-pyrolysed

product and for the final SiC product (after burning off of excess carbon).

Example 8 (according to the invention) :

Mesoporous carbon balls as used in Example 4 were activated under a stream of C0 2

(this step had been carried out by their supplier) in order to increase their mesoporous

volume from 0.24 cm /g to 0.56 cm /g for pores with a diameter of between 6 nm and 50

nm, and from 0.28 cm /g to 0.57 cm /g for pores with a diameter of between 6 nm and 100

nm (measurement carried out by mercury intrusion). Their specific BET surface area was

151 1 m2/g including 1322 m2/g attributed to the micropores. The pore distributions of

carbon before and after activation are compared on Figure 11.

100 parts by mass of these activated carbon balls were dry mixed with 466 parts by mass

of silicon powder (d
50

= 3.5 µ η ) . The mixture was heated under an argon stream at

1360°C for one hour. After cooling the SiC balls were separated from the residual powder

containing non-reacted excess silicon by washing with water on a sieve with a sieve

opening of about δθµηι .

The obtained product had a mesopore volume of 0.38 cm /g and 0.43 cm /g for the pores



with a diameter respectively between 6 nm and 50 nm and between 6 nm and 100 nm.

The pore distribution is shown on Figure12 ; it is perfectly monomodal. Their specific BET

surface area was 56 m2/g including no more than 3 m2/g attributed to the micropores as

determined by the t-plot approach.

As can be seen from Figure 13 , the SiC balls (figure 13b) have conserved the perfectly

spherical shape of the initial carbon balls (figure 13a). Figure 13b also shows the

presence of a few agglomerates constituted by residual powder that had been imperfectly

eliminated during the washing and sieving operation.

These SiC balls have been oxidised during three hour at 700°C in air, in order to remove

residual carbon. The obtained product conserves a mesopore volume of 0.35 cm /g and

0.42 cm /g for the pores with a diameter respectively between 6 nm and 50 nm and

between 6 nm and 100 nm. Its BET specific surface area was 5 1 m2/g.

Figure 13 shows an image obtained by scanning electron microscopy of the carbon balls

used in Example 8 (figure 13a) and of the SiC balls obtained in Example 8 (figure 13b).

The white bar in the lower right edge of the photograph indicated the length of 100 µ η .



CLAIMS

1. Method for manufacturing a β-SiC shaped material, such as a shaped piece,

comprising mesopores with a diameter of between 6 nm and 100 nm representing a

mesopore volume (determined by mercury intrusion porosimetry) greater than 0.35 cm /g

and preferably greater than 0.40 cm /g, said method comprising the transformation of a

mesoporous carbon preform with at least one silicon source into silicon carbide (β-SiC),

said silicon source being able to be incorporated in said preform and/or contributed from

outside, said transformation taking place in a non-oxidising atmosphere at a temperature

preferably lying between 1100°C and 1400°C, said carbon preform having mesopores with

a diameter of between 6 nm and 100 nm with a mesopore volume greater than 0.35 cm3

per gram of carbon (preferably greater than 0.45 cm3 per gram of carbon, and even more

preferentially greater than 0.55 cm3 per gram of carbon).

2 . Method according to claim 1, characterised in that said method comprises the steps of

(a) pyrolysing a mesoporous carbon precursor comprising at least one silicon source for

obtaining a mesoporous carbon preform containing silicon;

(b) transforming said mesoporous preform into mesoporous β-SiC by reaction with

materials comprising silicon in a non-oxidising atmosphere at a temperature preferably

lying between 1100°C and 1400°C.

3 . Method according to claim 2 , characterized in that between the pyrolysis step (a) and

the transformation step (b) the pyrolyzed material is activated in order to increase the

specific mesopore volume per gram of carbon, preferably by steam activation or C0 2

activation, either non catalytic or catalytic.

4 . Method according to any one of claims 1 to 3 , characterised in that said mesoporous

carbon preform was produced from a mesoporous carbon precursor that is a mesoporous

phenolic resin, preferably a phenolic plastic, and even more preferentially selected from

the group formed by mesoporous resoles, mesoporous novolaks and mixtures of the two.

5 . Method according to any one of claims 1 to 4 , characterised in that said silicon source

is selected from a group formed by metallic silicon, silica, silicon compounds and mixtures

thereof.



6 . Method according to any one of claims 1 to 5 , characterised in that said silicon source

is intimately mixed with said mesoporous carbon precursor.

7 . Method according to claim 6 , characterised in that a preform is prepared from the

mixture between said mesoporous carbon precursor and said silicon source.

8 . Method according to any one of claims 2 to 7 , characterised in that said silicon source

is incorporated in said mesoporous carbon precursor before the shaping leading to said

preform.

9 . Method according to claim 7 or according to claim 8 dependent on claim 7 ,

characterised in that said preform is obtained by a shaping method selected from the

group formed by extrusion , pressing of dough , atomisation , granulation, crushing, powder

pressing, emulsion, pouring in moulds, coating, or by a combination of these methods.

10 . Method according to claim 7 , or according to claim 8 dependent on claim 7 , or

according to claim 9 , characterised in that said mesoporous carbon precursor is, before

the shaping leading to said preform, in a crosslinked, partially crosslinked and/or non-

crosslinked form.

11. β-SiC shaped material, such as a shaped piece, obtainable by the method according

to any one of claims 1 to 10 , characterised in that it has mesopores with a diameter of

between 6 nm and 100 nm corresponding to a mesopore volume of at least 0.35 cm /g,

preferably at least 0.40 cm /g and even more preferentially at least 0.45 cm /g

(determined by mercury intrusion porosimetry).

12 . Shaped material, such as a shaped piece, according to claim 11, characterised in that

it has a mesoporous surface area of at least 20 m2/g, preferably at least 30 m2/g and even

more preferentially at least 45 m2/g.

13 . Use of a shaped material, such as a shaped piece, according to any one of claims 11

to 12 as a catalyst carrier for reactions involving at least one liquid phase.

14 . Use according to claim 13 , for reactions in an aggressive environment, and in

particular for reactions aimed at converting biomass.

15 . Use of a shaped material, such as a shaped piece, according to either one of claims

11 or 12 as a catalyst carrier for the Fischer-Tropsch reaction.



16. A method of preparing a catalyst precursor comprising the steps of:

- preparing a catalyst support in the form of beta-SiC shaped material according to any of

claims 1 to 10; and

- introducing a catalyst precursor compound of an active catalyst component onto and/or

into said catalyst support.

17 . A catalyst precursor comprising:

- a catalyst support in the form of a beta-SiC shaped material according to claim 11 ; and

- a catalyst precursor compound of an active catalyst component supported by the

catalyst support.

18. A method of preparing a catalyst including the steps of:

- preparing a catalyst precursor using the method of claim 16; and

- reducing the catalyst precursor, thereby activating the catalyst precursor and obtaining

the catalyst.

19 . A catalyst comprising:

- a catalyst support in the form of a beta-SiC shaped material according to claim 11, and

- an active catalyst component supported by the catalyst support.

20. A hydrocarbon synthesis process comprising contacting hydrogen with carbon

monoxide at a temperature above 100°C (preferably from 180 to 250°C, and still more

preferably from 220 to 230°C) and a pressure of at least 10 bar (preferably from 10 to 70

bar) with catalyst as claimed in claim 19 in order to produce hydrocarbons and optionally

oxygenates of hydrocarbons.

2 1. The process of claim 20 which includes a hydroprocessing step for converting the

hydrocarbons and optionally oxygenates thereof to liquid fuels and/or chemicals.
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