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Abstract

The synthesis of mesoporous silicon carbide by chemical vapor infiltration of dimethyl dichlorosilane into mesoporous silica SBA-15
and subsequent dissolution of the silica matrix with HF was investigated. The influence of the synthesis parameters of the composite
material (SiC/SBA-15) on the final product (mesoporous SiC) was determined. Depending on the preparation conditions, materials with
specific surface areas from 410 to 830m?g~' and pore sizes between 2 and 10 nm with high mesopore volume (0.31-0.96 cm® g~!) were
prepared. Additionally, the thermal stability of mesoporous silicon carbide at 1573 K in an inert atmosphere (argon) was investigated,
and compared to that of SBA-15 and ordered mesoporous carbon (CMK-1). Mesoporous SiC has a much higher thermal textural
stability as compared to SBA-15, but a lower stability than ordered mesoporous carbon CMK-1.

© 2006 Elsevier Inc. All rights reserved.
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1. Introduction

Silicon carbide is a material with excellent heat
conductivity, hardness and high-temperature mechanical
stability [1]. SiC has been widely studied as a dense ceramic
[2,3] and has been used for the preparation of composite
materials [4,5]. Especially the preparation of nano-sized
silicon carbide has received considerable attention, since it
allows the preparation of bulk materials with increased
plasticity [6] or nano-composites with enhanced mechanical
and tribological properties [7]. Due to the chemical
inertness it was also proposed to be an interesting catalyst
support [8], with wunusual high-temperature stability.
Although the stability of high surface area silicon carbide
under oxidizing conditions at higher temperatures was
found to be low due to the passivation of the surface, under
inert conditions the material retains a high surface area for
longer duration [9]. Several reports were published,
showing that this material effectively competes with
conventional supports, such as alumina, silica or activated
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carbons, especially in exothermic reactions where heat
conductivity of the support plays a crucial role [10-14].
However, commercially available silicon carbide has a
low specific surface area (S, <25 m? g~ ") and is not suitable
as a catalyst support. Thus, new methods were developed
for the preparation of the high surface area materials. One
of the first procedures for the manufacture of carbide
materials with surface areas up to 200m”g~"' was “shape
memory synthesis”. High surface area activated carbon
was reacted with SiO at elevated temperatures for the
synthesis of silicon carbide [10]. On the other hand,
reduction of high surface area silica with carbon precursors
also leads to high surface area silicon carbide materials. An
example is the reduction of high surface area silica acrogels
with carbon precursors for the production of materials
with a specific surface area of 112m”g~' [15]. The same
idea of reacting silicon or silica with carbon can be used to
prepare silicon carbide from ordered mesoporous materi-
als, but in this case, surface areas do not exceed 160 m? g,_1
[16-18]. The decomposition of simple silane precursors at
low pressures can be used for the manufacture of SiC with
a surface area of 50m>g~' [13], or at high autogenic
pressures 146m”g~" can be achieved [19]. Chemical vapor
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Scheme 1. Chemical vapor infiltration approach for the synthesis of high surface area SiC.

deposition (CVD) and chemical vapor infiltration (CVI)
was also used for the impregnation of ordered porous hosts
in order to control the size of the deposited domains
[20-22]. Silicon carbide can be directly deposited inside
MCM-48 and SBA-15 by CVI [23]. CVI allows to use
simple and inexpensive precursors and gives good control
of the product composition [24].

In the present study the influence of CVI synthesis
conditions for SiC/SBA-15 nano-composites on porosity
and structure of porous high surface area SiC is discussed.
Silicon carbide is obtained by HF treatment of the
composite material (Scheme 1). In the following, the high
thermal textural stability of mesoporous SiC will be
demonstrated and compared to that of other mesoporous
materials such as SBA-15 and CMK-1. As a second route,
the preparation of SiC from tetramethyl silane (TMS)
under high autogenic pressure in the presence of SBA-15 is
discussed.

2. Experimental
2.1. SBA-15 synthesis

A somewhat modified procedure of Zhao et al. was used
[25]. 4 g Pluronic P123 (BASF) are dissolved in 105mL of
water (500 mL beaker) overnight without stirring. The
solution is then heated up to 313 K and 20 mL of 37% HCI
(Merck) are added. After 10 min, 8.3 g of TEOS (ACROS
98%) is added dropwise within 30 min and the solution is

stirred. The mixture becomes white after few minutes,
subsequently the heating is continued for 4 h. The solid is
recovered by filtration without washing with water, and the
resulting product is immediately calcined at 823K for 5h
(heating rate 1 Kmin~"). The as prepared material had a
specific surface area of 569m°g~', an average porle

diameter of 5.5nm and a mesopore volume of 0.75cm’ g~ ".
2.2. CVI of DDS into SBA-15

The deposition of SiC on SBA-15 was carried out at
atmospheric pressure in a hot-wall vertical quartz tube
reactor, 500 mm long and 30 mm in diameter (Supporting
Information). The mesoporous host was supported on a
quartz frit located in the middle of the tube. Dimethyl
dichlorosilane (DDS) (FLUKA 98%) was introduced as
the SiC precursor into the reactor from the bottom using a
saturator, and hydrogen/argon (4:3) as the gas mixture
(V=2Lh"', DDS evaporation rate=ImLh™’,
Treactor = 1118 K, heating rate = 10K min~"). The host
was heated in the carrier gas up to 673K, and then
dimethyl dichlorosilane vapor was introduced. After the
specified time at reaction temperature, the reactor was
cooled down to room temperature with a cooling rate of
5K min~". The prepared composite material was taken out
from the reactor and treated with 30% HF solution
(200mL) for 2 days, in order to remove the silica. The
resulting porous silicon carbide was washed with water
several times and dried at 343 K.
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2.3. CVI of TMS into SBA-15

A %in swagelok union part was filled with SBA-15 and
heated to 523 K under argon for 1h in order to evaporate
physisorbed water. Subsequently TMS—Fluka 99% was
added and the vessel was closed (under argon). The closed
vessel was placed in a quartz tube and heated to 1273 K in
an argon flow with a heating ramp of 120Kh™' and
maintained at this temperature for 6h. Afterwards the
resulting SiC/SBA-15 composite was treated with 10% HF
solution in order to obtain high surface area SiC.

2.4. CMK-1 synthesis

A procedure reported by Ryoo et al. was used [26]. One
gram of MCM-48 was impregnated with a solution of
sucrose/H,SO4/water (1.25g/0.077mL/4.5g), dried at
343K for 1h, at 373K for 6h and at 433K for 6h. The
obtained black solid was ground and impregnated a second
time with sucrose solution (0.8 g sucrose/0.049 mL H,SO,4/
3 g water) and heat-treated according to the procedure
described above. The pyrolysis was performed at 1173 K
for 4h, with a heating ramp of 60 K h~'. The silica/carbon
nano-composite obtained was treated with HF two times,
filtered, washed with ethanol and dried at 373 K.

2.5. Thermal stability tests

The sample was placed in a horizontal alumina tube
reactor (20 mm diameter and 1000 mm long) in an alumina
boat. Before starting the heating program, the tube was
purged with argon for 24h. The furnace was heated to
1573 K with a heating rate of 300 K h~' and maintained at
this temperature for the desired time, while the argon flow
was maintained at the same level.

2.6. Characterization

Physisorption isotherms were measured at 77 K using a
Quantachrome Autosorb-1 apparatus. Prior to the mea-
surement, the samples were evacuated at 353 K for 10h.
High-purity gases were used (nitrogen: 99.999%). The BET
surface area was calculated for the relative pressure interval
of P/Py = 0.05-0.3. The mesopore volume was calculated
using the BJH theory for pores with diameter in between 2
and 50nm. X-ray diffraction patterns were recorded in
transmission geometry using a STOE Stadi-P diffract-
ometer and Cu Ko, radiation (4 = 0.15405 nm). Transmis-
sion electron micrographs were obtained using a Hitachi
HF 2000 TEM using a copper grid-type sample holder. The
TG/MS measurements were carried out in air using a
Netzsch STA 409PC thermobalance. A heating ramp of
3K min~' was used.
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Fig. 1. Nitrogen adsorption isotherms (77 K) of SiC/SBA-15 composite
materials.

3. Results and discussion
3.1. Porous SIC—influence of synthesis parameters

The general concepts for the preparation of SiC/SBA-15
nano-composites by CVD were outlined recently [23].
However, only one composite sample was used for the
preparation of high surface area mesoporous silicon
carbide and the impact of the preparation conditions on
the properties of mesoporous SiC was not investigated. In
the present study, we describe how the composition of the
SiC/SBA-15 composites affects the properties of the
mesoporous silicon carbide obtained from them. Three
composite samples with different SiC loadings were
prepared using different quantities of SBA-15 in the
reactor and various durations of infiltration (Fig. 1, Table
1—SC-1,2,3). An additional carbon-rich sample was
prepared in argon flow (without hydrogen) (Table 1—SC-
C) in order to investigate the influence of carbon impurities
on the properties of mesoporous SiC. At 1118 K, DDS
decomposes inside the pores of SBA-15 to form SiC (1)
(Scheme 1), but when the pore diameter is decreased
substantially, deposition of SiC outside the pore system
also takes place due to the limited diffusion of precursor
molecules into the pore system [23]. In the early stages of
deposition significant amounts of silicon oxycarbides are
formed on the silica walls, followed by the formation of
silicon carbide on top of the silicon oxycarbide layer [23]:

After removal of silica from the composite material
(Scheme 1), the resulting mesoporous silicon carbide
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Table 1
SiC/SBA-15 composites: preparation parameters and characterization

Sample Infiltration time SBA-15 weight (g) Weight gain (wt%)  Surface area Average pore Mesopore volume®
(h:min) (m?g™) diameter® (nm) (em?g™)

SC-1 3:40 0.6 95 130 3.0 0.06

SC-2 3:40 2 60 213 2.9 0.12

SC-3 1:40 2 30 294 3.5 0.23

SC-C* 3:40 0.6 75 140 34 0.12

“Average pore diameter (d,) calculated using total pore volume at 0.95 P/P, (V;,) and measured specific surface area (S,) according to equation

dy = 4V,/S,.

®Mesopore volume calculated using the BJH theory for pore size between 2 and 50 nm.

“Sample prepared in Ar/DDS flow—without H,.

Table 2
Mesoporous SiC prepared by HF treatment of SiC/SBA-15 composites

Sample Composite used Surface area (m>g™") Average pore diameter® (nm) Mesopore volume® (cm’g™!) Carbon content (wt%)
SiC-1 SC-1 410 3.1 0.31 259
SiC-2 SC-2 578 4.6 0.71 252
SiC-3 SC-3 509 7.4 0.96 26.5
SiC-C SC-C 830 3.1 0.52 36.3

“Average pore diameter (d,) calculated using total pore volume at 0.95 P/P, (V;,) and measured specific surface area (S,) according to equation

dy = 4V,/S,.

®Mesopore volume calculated using the BJH theory for pore size between 2 and 50 nm.

samples had a high specific surface area (higher than that
of the SiC/SBA-15 composite material) (Table 2) and
showed type IV nitrogen physisorption isotherms, with a
broad adsorption step, suggesting a broad pore size
distribution (Fig. 2). The overall nitrogen adsorption
capacities were increased, as compared to the composite
samples and the highest mesopore volume was measured
for SiC-3 with V,=0.96cm’g™" and a surface area of
509m’g~'. A sample prepared with longer infiltration
times (SiC-2) showed significantly lower mesopore volume
(0.71cm®g™"), and slightly higher surface area
(578 m*g~"). On the other hand, SiC-1 prepared from the
nano-composite with the highest SiC loading has the lowest
surface area and lowest mesopore volume (410m*g~" and
0.31cm’g™"). This clearly indicates that too long infiltra-
tion duration and too high loadings lead to deposition of
SiC outside the pore structure, resulting in agglomerated
materials with larger particles. However, the highest
surface area was measured for the carbon-rich sample
SiC-C (830m?g™"), while the shape of the isotherm was
similar to that of SiC-1 (410m?g~"). The latter is caused by
the lower density of carbon materials as compared to the
density of silica or silicon carbide. Wide angle X-ray
powder diffraction patterns show that mesoporous silicon
carbides prepared with short infiltration duration and low
loadings (SiC-2, SiC-3) are X-ray amorphous (as well as
SiC-C sample), while the sample with the highest loading
(SiC-1) is crystalline and reflections of cubic f-SiC
(JCPDS: 73-1665) are detected (Fig. 3). On the other hand
if the amorphous sample (SiC-2) was heated to 1773 K for
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Fig. 2. Nitrogen physisorption isotherms (77K) of mesoporous SiC
samples derived from SiC/SBA-15 composites.

a short time (1 h), p-SiC reflections were also observed (Fig.
3—SiC-3*]. According to *°Si MAS NMR measurements
(see Supporting Information) the amorphous materials
SiC-1 and SiC-2 were found to be composed mainly of SiC
(=8 ppm) [27-29] with a small amount of silicon oxycar-
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Fig. 3. X-ray diffraction patterns of mesoporous SiC samples. SiC-3* is
the SiC-3 sample heat treated in argon at 1773 K for SiC crystallization.
SiC-2 and SiC-C were X-ray amorphous.

bide impurities (mainly SiCO5; at —61 ppm, and traces of
SiC,0, at —300 ppm and SiC3;0 at 15ppm) [29,30]. The
following chemical shifts were used for the assignment of
various SiC,O,, species: SiC: 0 to —16 [27-29], SiCO5: —60
to —71 [29,31], SiC,0,: —20 to —38 [29,31], SiC;0:
5-10ppm [29,31]. Based on the relative intensities, the
lowest amount of oxycarbide species were found for SiC-1
prepared from the composite with the highest weight gain.
On the other hand, in SiC-3 the amount of oxycarbides was
significantly higher. However, there was no SiO, present in
any of the measured samples (no peak in the range of —107
to —113 ppm) [31], indicating complete silica removal. The
latter is also confirmed in the FT-IR spectra (Fig. 4) with
one peak at 819-833cm ™' resulting from Si-C bonds
vibration for all samples, as well as smaller contribution of
Si-O bonds in between 1034 and 1071 cm™' [32]. The
relative intensity of the Si—O peak was highest for SiC-3 in
agreement with the NMR data. On the other hand the
lowest Si—O peak intensity was observed for the crystalline
SiC-1 material. The elemental analysis showed the carbon
content in the range of 25-27 wt%, which is slightly lower
than the theoretical value of 30 wt% for pure SiC, due to
the presence of silicon oxycarbide. However, in case of the
SiC-C sample, a higher carbon content (36 wt%) was
measured. TG measurements showed a weight gain of 19%
at 1573 K in air (SiC-1) due to the surface oxidation of SiC
into SiO,. Although for complete oxidation, 50% weight
gain is expected, passivation with silica protects the SiC
particles from complete oxidation and process Kinetics
become significantly slower. In case of the carbon-rich
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Fig. 4. FT-IR spectra of the mesoporous silicon carbide materials.

SiC-C, a weight loss of 25wt% was observed due to the
burning of the excess free carbon. Transmission electron
micrographs of porous SiC-3 (Fig. 5c¢) reveal a slightly
ordered structure (short range ordering) in form of one-
dimensional tubes/rods. However, in case of samples
prepared with higher matrix loadings (SiC-2 and SiC-1)
this rod structure is less visible due to the material
deposited outside the pores during the CVI process (Fig.
5a, b). On the other hand, the low angle X-ray measure-
ments do not reveal any long range ordering of all
mesoporous SiC samples.

3.2. CVI of TMS into SBA-15

Alternatively to atmospheric pressure deposition of SiC,
formation of SiC under high autogenic pressures in the
presence of SBA-15 was also studied. The possibility of SiC
preparation from simple silanes in an autoclave heated to
1273 K was reported by Pol et al. [19]. However, the surface
area of such materials did not exceed 150m”g~'. Based on
the same principle we used liquid TMS as a precursor and
the decomposition was carried out in a closed swagelok cell
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Fig. 5. TEM micrographs of mesoporous SiC samples.

SBA\-15 /

Silicon carbide nanoparticles

Infiltration SiC formation Sample removal - HF @9
oo ms | /OO > —> (O = @
000 with TMS 000 at 1000°C from autocla\r@ treatment o0
00 e]e)
SBA-15 SBA-15 filled with TMS SiC/SBA-15 composite SiC/SBA-15 7 .
in autoclave in autoclave in autoclave composite High surfacs area SIC

Scheme 2. Preparation of high surface area SiC under autogenic pressure conditions.

in the presence of SBA-15 (Scheme 2). TMS has a high
vapor pressure and condenses inside the pores of the
mesoporous silica network. Upon the heat treatment to
1273 K it decomposes to form SiC according to reaction (2):

After the synthesis at 1273 K, the autoclave is opened and
the resulting product is treated with HF solution in order to

dissolve the silica matrix (Scheme 2). For comparison also
one sample was prepared without SBA-15 (Table 3—
sample AP-SiC*) (only TMS was present in the autoclave).
The X-ray powder patterns show the presence of the cubic
B-SiC (JCPDS: 73-1665) (Fig. 6) for both samples (AP-SiC:
prepared with SBA-15 matrix, and AP-SiC* without SBA-
15). In the case of the sample prepared without SBA-15,
narrow peaks are observed, indicating the presence of large
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Table 3
High surface area SiC prepared under autogenic pressure conditions—parameters of synthesis and textural characteristics

2287

Volume of TMS
added (mL)

Sample SBA-15 weight (g) Surface area (m*g~") Average pore diameter

(nm)

Mesopore volume®
(em’g™

PAP-SiC*
°AP-SiC-SBA-15
dAP-SIiC

1.50
1.75

212
387
636

2.3
2.8
3.0

0.225

0.11
0.25
0.43

“Mesopore volume calculated using the BJH theory for pore size between 2 and 50 nm.

®SiC prepared in the absence of SBA-15.
“Composite of SiC and SBA-15 before dissolving of the silica matrix.

4SiC prepared by HF treatment of SiC/SBA-15 composite material (AP-SiC-SBA-15).

SiC
(111)

AP-SiC*
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(311)
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Fig. 6. X-ray diffraction patterns of high surface area silicon carbide
synthesized under autogenic pressure with (AP-SiC) or without (AP-SiC*)
the presence of ordered mesoporous silica SBA-15.

crystallites. On the other hand, the sample prepared in the
presence of SBA-15 shows broad peaks, and the crystallite
size calculated according to the Scherrer equation was
found to be 4nm. The FT-IR spectra of AP-SiC shows
Si—C vibrations at 820cm ™" and the absence of Si—O bonds
(Fig. 7). The high specific surface area (636m>g")
confirms that in case of AP-SiC, small nanoparticles were
synthesized inside the pores of SBA-15. On the other hand
the residual surface area of 387m?”g~' measured for the
composite material AP-SiC-SBA-15, suggests that the
pores of SBA-15 were not filled completely (Table 3). The
AP-SiC* material prepared without SBA-15 as a matrix
shows significantly lower specific surface area of
212m?g~!, which is in a good agreement with the X-ray
diffractograms showing narrow peaks due to the presence
of larger particles. Nitrogen physisorption isotherms (Fig.
8) show that both, the nanocomposite material and the
resulting SiC have a broad range of capillary condensation
from P/Py= 0.1-0.5. The mesopore size distribution is
therefore broad (between 2 and 5nm according to BJH
theory) and micropores are present as well. Elemental
analysis shows a carbon content of 27 wt% being close to
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Fig. 7. FT-IR spectrum of AP-SiC.
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Fig. 8. Nitrogen physisorption isotherms (77 K) of materials prepared via
TMS infiltration.

the theoretical value for pure SiC (30%). The latter is also
in good agreement with TG measurements showing 28%
weight gain due to the oxidation of SiC to SiO,, the highest
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Specific surface areas of the mesoporous silicon carbide materials, SBA-15 and CMK-1 after heat treatment at 1573 K

Sample Original Surface Original mesopore Surface area after Mesopore volume® Surface area after Mesopore volume®

area (m>g™") volume® (cm®g™") 6h at 1573K after 6h at 1573 K 24h at 1573K after 24h at 1573 K
m’g™ (em’g™) m’g™) (em’g™)

SiC-1 410 0.31 92 0.13 8 <0.05

SiC-2 578 0.71 446 0.48 43 <0.05

SiC-3 509 0.96 291 0.51 145 0.29

SiC-C 830 0.52 354 0.22 5 <0.05

AP-SiC 636 0.43 254 0.19 38 <0.05

SBA-15 569 0.75 <1 — <1 —

CMK-1 1761 1.05 1637 0.82 1528 0.76

#Mesopore volume calculated using the BJH theory for pore size between 2 and 50 nm.

value among all samples, confirming that the small
particles only have minor impurities of free carbon. IR
measurements confirm the lowest amount of Si—-O bonds
(silicon oxycarbides) among all the samples.

3.3. Thermal stability of SiC, SBA-15 and CMK-1 at
1573 K

For the investigation of the thermal textural stability,
silicon carbide samples were compared with the ordered
mesoporous carbon CMK-1 and the pure SBA-15 tem-
plate. The stability of the latter one was already
investigated earlier [33], however, for CMK materials only
thermogravimetric data were available [34]. All samples
were heated to 1573 K in an inert atmosphere (Argon) for a
given duration (Table 4). Ordered mesoporous silica SBA-
15 collapses already after 1h of the heat treatment,
showing almost no nitrogen adsorption capacity and the
surface area is below 1m?g~' (Table 4). In contrast,
mesoporous silicon carbide materials have significantly
higher thermal stability in inert conditions (Table 4). In the
first 6 h of treatment the specific surface area decreases by
23% for SiC-2 and 78% for SiC-1, while for the 24h
treatment reduction by 63% (SiC-3) and 99% (SiC-C) can
be observed. The latter can be an effect of sintering of
nano-sized silicon carbide material, as well as of decom-
position of oxycarbide species into gaseous products (3) or
reaction of SiO, with SiC and subsequent formation of SiO
and CO:

Si0,C, — SiO + CO, (€)

4)

Materials with the lowest amount of silicon oxycarbide
(SiC-1, AP-SiC) showed lowest thermal stability and after
6 h of treatment reduction of the surface area by 78% (to
92m?g~") and 60% (to 254m?g~") was observed, respec-
tively. On the other hand these materials have small pore
diameters (3.1 and 3.0 nm, respectively). The materials with
large pores (SiC-3 and SiC-2) showed better thermal
stability. For the SiC-2 sample with an average pore

Si0,C, — SiC + Si0, — SiO + CO.
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Fig. 9. Nitrogen adsorption isotherms (77 K) of mesoporous SiC-2 heat-
treated at 1573 K in argon for 6 and 24 h.

diameter of 4.6nm (and medium content of oxycarbide
species), after 6 h treatment, reduction of surface area by
23% (to 446m?g~") and mesopore volume to 0.48 cm>g~!
was observed (Fig. 9). A longer treatment resulted in a
decrease of surface area to 43m?g~! (reduction by 92%).
SiC-3 with the largest pore diameter (7.4nm) showed the
highest textural thermal stability among all silicon carbide
samples, and the remaining surface area of 145m>g~!
(reduction by 63%) was measured after 24h treatment.
Also a high mesopore volume of 0.29 cm® g~ ' was observed
after the long treatment. The thermal stability of SiC-2 was
also tested in air at 1573 K, but the surface area decreased
to values lower than 1 m?g~", already after reaching this
temperature. Subsequently, in the X-ray diffractogram
narrow reflections of cristobalite were observed (JCPDS:
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39-1425) for this sample. This suggests a much lower
thermal stability under oxidizing conditions at high
temperatures due to the oxidation of SiC to SiO,. On the
other hand such a result was to be expected, since SiC is
known to form a silica passivation layer under oxidizing
conditions at higher temperatures [35]. In case of large
micrometer-sized SiC particles such a thin passivation layer
protects them from further oxidation, but in case of
nanoparticles, SiC can be completely oxidized.

The thermal stability of the ordered mesoporous carbon
CMK-1 was found to be even higher than that of silicon
carbide. The loss of surface area after 6h was not
significant (from 1761 to 1637m?g~") and the high surface
area was observed even after 24 h treatment (1528 m*g™").
However, low angle X-ray diffractograms show, although a
high surface area was retained, already after the short
treatment time (6 h), the periodic three-dimensional struc-
ture of CMK-1 collapsed and no peaks were detected. The
high temperature can cause contraction of the mesoporous
matrix (significant reduction of mesopore volume without
the reduction of overall sorption capacity at 0.95 P/Py).

4. Conclusion

We have shown how different precursors, deposition
parameters and loadings of SiC/SBA-15 nano-composites
influence the textural properties of mesoporous silicon
carbide prepared from them. High loadings cause deposi-
tion outside of SBA-15 channels and thus, the obtained SiC
material has a low surface area and mesopore volume. On
the other hand, composites with lowest loading produce
SiC materials with a high mesopore volume but a broad
pore size distribution and high surface area of 510m”>g~'.
As an alternative route to the ambient pressure CVD
process also deposition at high autogenic pressures can be
employed resulting in materials with even higher surface
area (626m>g~"). The elemental analysis indicates the
formation of silicon oxycarbide on the surface of high
surface area SiC. The amount of free carbon deposited was
examined using thermogravimetric measurements in air
and elemental analysis, and was found to increase the
measured specific surface areas if deposited in excess due to
the lower density of porous carbon materials.

High surface area silicon carbide shows a higher thermal
stability at 1573 K as compared to pure SBA-15. However,
the thermal stability of ordered mesoporous carbon
(CMK-1) is even better than that of porous SiC tested
under the same conditions.

Appendix A. Supporting information

Supplementary data associated with this article can be
found in the online version at doi:10.1016/j.jssc.2006.02.034.
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