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We report here the formation of high surface area silicon carbide materials comprising
whiskers and nanotubes via a synthesis route, which utilizes mesoporous silica as sacrificial
solid template. The silicon carbide materials are obtained via carbothermal reduction of
mesoporous silica/carbon (i.e., SBA-15/sucrose) composites. Varying the carbothermal
reduction conditions (i.e., temperature or duration) readily modifies the morphology of the
silicon carbide so as to obtain whiskers or nanotubes. The whiskers, which grow in the [111]
direction, are achieved by subjecting the mesoporous silica/carbon composites to carbothermal
reduction at high temperature (1250 or 1300 °C) for reduction periods of up to 14 h. For
reduction periods of up to 14 h, using the higher temperature (1300 °C) optimizes whisker
formation. The diameter of the whiskers is 50-90 nm and their length is typically greater
than 20 µm. The surface area of the whisker containing SiC materials varies between 120
and 145 m2/g, while their pore volume is ca. 0.42 cm3/g. Increasing the carbothermal reduction
period to 20 h, at 1250 or 1300 °C, results in the formation of solid SiC nanotubes of diameter
60-100 nm and length greater than 10 µm. The formation of nanotubes is accompanied by
an increase in the surface area (up to 190 m2/g) of the silicon carbide materials.

Introduction

Silicon carbide (SiC) possesses unique properties such
as high thermal conductivity, excellent thermal stabil-
ity, mechanical strength, and chemical inertness.1-3

These properties make SiC a suitable material for
various applications including the following: in semi-
conducting devices used at high temperature, high
power, and high frequency,4 as the reinforcing phase
in ceramics,5 or metal and polymer matrix composites,6,7

and as a catalyst support.1,8,9 Due to these unique
properties and wide range of possible uses, much effort
has been devoted to preparing SiC materials targeted
at specific applications.10-15 For example, to be used as
a catalyst support, it is desirable that (in addition to

the above-mentioned properties) the SiC possess me-
dium to high surface area (20-100 m2/g).16 For this
reason there have been attempts to prepare high surface
area SiC materials. Mesoporous SiC materials with
surface area of 112 17 and 120 m2/g 13 have been
prepared via a sol-gel method or chemical vapor
infiltration (of pyrolitic carbon within the porosity of
mesoporous silica MCM-48 in a temperature range
1250-1450 °C), respectively. Ledoux and co-workers
prepared SiC with surface area ranging between 20 and
100 m2/g using the so-called shape memory synthesis.1,8

The application of SiC as a catalyst support has been
demonstrated for several reactions including, hydrodes-
ulfurization,18 automotive exhaust-pipe reactions,9
isomerization of linear saturated hydrocarbons,1 selec-
tive oxidation of hydrogen sulfide into elemental sul-
fur,19 and the selective oxidation of butane into maleic
anhydride.20 Surface area is thought to be an important
consideration in the function of SiC as a catalyst support
for these reactions. It is therefore desirable to investi-
gate new synthesis methods to high surface area SiC.

The morphology of inorganic nanomaterials is known
to have an important influence on their properties and
use in various applications.14 For example, SiC whiskers
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are effective additives for reinforcement of various
composite materials, mainly due to their high mechan-
ical strength.5 The preparation of SiC whiskers is
therefore important and has been achieved via various
techniques, such as carbothermal reduction of silica21,22

or carbonaceous silica aerogels,15 decomposition of
organic silicon compounds,23 and reactions between
silicon halides and carbon tetrachloride in the presence
of hydrogen.24 On a more general note, one-dimensional
structured materials such as nanorods, nanowires, and
nanotubes have recently attracted increasing interest
due to their remarkable optical, electrical, and mechan-
ical properties and their potential applications ranging
from probe microscopy tips to interconnections in na-
noelectrical devices.25,26 Tubular nanostructures have
also been shown to be versatile catalyst supports in
some reactions.27 These findings have spurred an inter-
est in tubular forms of SiC.11,12,14,28-31 Silicon carbide
nanowires have been prepared by carbothermal reduc-
tion of silica28 or sol-gel silica xerogels,29,30 and reduc-
tion-carburization of Si + CCl4

12 or SiCl4 + C6Cl6
14

using sodium metal as reductant. SiC nanorods with
diameters 2-20 nm have been obtained by reacting
carbon nanotubes with Si and I2 at 1200 °C.31 SiC
nanorods have also been obtained from a solid carbon
and silicon source on a Si substrate by hot filament
chemical vapor deposition (HFCVD).11 On the other
hand, SiC nanotubes with medium surface area (30-
60 m2/g) have been obtained by reaction between carbon
nanotubes and silica vapor via the shape memory
synthesis method.27

Here, we report the synthesis and characterization
of high surface area (120-190 m2/g) SiC whiskers and
nanotubes obtained via carbothermal reduction of me-
soporous silica/carbon (i.e., SBA-15/sucrose) composites.
This study is motivated by the promising properties and
possible uses expected from SiC materials that combine
a well-defined nanotubular structure (whiskers or nano-
tubes) and high surface area. Our findings show that
SiC whiskers are obtained at temperatures g1200 °C
and that higher temperatures favor the formation of
whiskers. The formation of whiskers may also be
optimized by increasing the time allowed for carbo-
thermal reduction at any given temperature. Interest-
ingly, extending the reduction period to 20 h at 1250 or
1300 °C results in the formation of SiC nanotubes.

Experimental Section

Material Synthesis. Mesoporous silica SBA-15 was pre-
pared via established procedures.32 In brief, for the preparation

of SBA-15, a triblock polymer (Pluronic P123, EO20PO70EO20,
Mav ) 5800, EO ) ethylene oxide, PO ) propylene oxide,
Aldrich) was used as the structure-directing agent and tetra-
ethoxysilicate (TEOS) as the silica source.32 The as-synthesized
SBA-15 was calcined at 500 °C before being impregnated with
sucrose via a two-step procedure similar to that normally used
for the preparation of CMK-3 carbons.33 The SBA-15/sucrose
composite was then subjected to carbothermal reduction at
1200, 1250, or 1300 °C. The furnace temperature was raised
to the final value at a heating ramp rate of 2 or 7.5 °C/min
under argon flow and maintained at the target temperature
for 7, 14, or 20 h. The resulting silica/carbon composites were
washed with 10% hydrofluoric acid (HF) several times to
remove the silica. This was followed by calcination of the
HF-washed material at 700 °C for 2 h to eliminate any
unreacted carbon. This calcination step was found to be
extremely important in ensuring that the final material is
purely SiC rather than a mixture of SiC and nanoporous
carbon. The influence of preparation conditions (including
reduction temperature and duration or heating ramp rate) on
the SiC materials were investigated by varying the synthesis
conditions. The samples were designated as SiC1200S,
SiC1250S, and SiC1300S corresponding to carbothermal re-
duction temperature of 1200, 1250, and 1300 °C, respectively,
with a slow heating rate of 2 °C/min and reduction duration
of 7 h. Samples SiC1250MS and SiC1250MF correspond to
materials reduced at 1250 °C for 14 h with a heating ramp
rate of 2 and 7.5 °C/min, respectively. Samples SiC1250LF and
SiC1300LF were reduced at 1250 and 1300 °C, respectively,
for 20 h and a heating ramp rate of 7.5 °C/min.

Material Characterization. The SiC materials were
characterized by powder X-ray diffraction (XRD), nitrogen
sorption studies, thermogravimetric analysis (TGA), scanning
electron microscopy (SEM), transmission electron microscopy
(TEM), and X-ray photoelectron spectroscopy (XPS). Powder
XRD analysis was performed using a Philips 1830 powder
diffractometer with Cu KR radiation (40 kV, 40 mA). Nitrogen
sorption isotherms and textural properties of the materials
were determined at -196 °C using nitrogen in a conventional
volumetric technique by a Coulter SA3100 sorptometer. Before
analysis the samples were oven-dried at 150 °C and evacuated
for 12 h at 200 °C under vacuum. The surface area was
calculated using the BET method based on adsorption data
in the partial pressure (P/P0) range 0.05-0.2 and total pore
volume was determined from the amount of the nitrogen
adsorbed at P/P0 ) ca. 0.99. Thermogravimetric analysis (TGA)
was performed using a Perkin-Elmer Pyris 6 TG analyzer with
a heating rate of 20 °C/min in static air conditions. Scanning
electron microscopy (SEM) images were recorded using a JEOL
JSM-820 scanning electron microscope. Samples were mounted
using a conductive carbon double-sided sticky tape. A thin (ca.
10 nm) coating of gold sputter was deposited onto the samples
to reduce the effects of charging. Transmission electron
microscopy (TEM) images were recorded on a JEOL 2000-FX
electron microscope operating at 200 kV. Samples for analysis
were prepared by spreading them on a holey carbon film
supported on a grid. X-ray photoelectron spectroscopy (XPS)
was performed using a Kratos AXIS ULTRA spectrometer with
a monochromated Al KR X-ray source (1486.6 eV) operated at
10 mA emission current and 15 kV anode potential. The
analysis chamber pressure was better than 10-9 Torr. FAT
(fixed analyzer transmission) mode was used, with pass
energies of 160 eV (or 80 eV) for survey scans and 40 eV for
high-resolution scans. A magnetic immersion lens system
allowed the area of analysis to be defined by apertures, a “slot”
aperture of 300 × 700 µm for wide/survey scans and a 110 µm
aperture for high-resolution scans. The take-off angle for the
photoelectron analyzer was 90° and the acceptance angle was
30° (in magnetic lens modes).
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Results and Discussion

Textural Properties and Porosity. Figure 1 shows
the powder X-ray diffraction (XRD) patterns of SiC
prepared under various conditions. The XRD patterns
indicate that the samples are all crystalline â-SiC. The
XRD patterns show no evidence of other phases such
as silica or carbon, implying that, if present, such
impurities are either in trace amounts or are amor-
phous. (We note that the low 2θ angle regime of the XRD
patterns was featureless.) The intensity of the diffrac-
tion peaks in Figure 1 indicates that the SiC materials
have a highly crystalline structure. There is not much
difference in the intensity of the XRD peaks for samples
SiC1250S and SiC1300S (prepared at 1250 and 1300
°C, respectively), but the peak intensity for sample
SiC1200S (prepared at 1200 °C) is much lower, implying
a poorer crystalline character. The XRD pattern of
sample SIC1200S also exhibits a broad peak centered
at ca. 23° 2θ, which is due to residual silica. It can
therefore be concluded that although SiC may be
obtained via carbothermal reduction of silica/carbon
composites at 1200 °C, the formation of â-SiC is favored
at even higher (>1200 °C) temperatures. For this reason
a temperature of 1250 °C was adopted for further
investigations. We first note that no significant amounts
of SiC were obtained at 1250 °C with a heating ramp
rate of 7.5 °C/min and 7 h reduction duration. (This
suggests that sufficient time has to be allowed for the
carbothermal reduction to enable the conversion of the
silica/carbon composite to SiC.) When the reduction
duration increased to 14 h, SiC was obtained for both
slow (2 °C/min) and fast (7.5 °C/min) heating rates
(samples SiC1250MS and SiC1250MF, respectively) as
shown by the diffraction peaks corresponding to â-SiC
in Figure 1 (B). A comparison of the peak intensity of
SiC1250MS and SiC1250MF indicates that, for ex-
tended reduction duration (i.e., 14 h), the heating rate
has little effect on the formation of SiC.

Figure 2A shows the XRD patterns of SiC prepared
at longer durations (14 or 20 h), with a heating rate of
7.5 °C/min at 1250 or 1300 °C (samples SiC1250MF,
SiC1250LF, and SiC1300LF). There is little difference
in the XRD patterns of the samples, indicating that, for
longer reduction duration (g14 h), a change of temper-
ature from 1250 to 1300 °C does not significantly affect
the overall crystallinity of the SiC formed. Figure 2B
shows the nitrogen sorption isotherms corresponding to
the XRD patterns in Figure 2A, i.e, SiC materials
prepared at longer durations (14 or 20 h), with a heating
rate of 7.5 °C/min at 1250 or 1300 °C (samples
SiC1250MF, SiC1250LF, and SiC1300LF). All the ma-
terials exhibit adsorption at low partial pressure (P/P0
< 0.02), which is due to micropore filling or capillary
condensation. In addition to the uptake below P/P0 )
0.02, the isotherms of the SiC materials exhibit adsorp-
tion at P/Po > 0.1, which may be attributed to the
presence of mesopores from interparticle voids. For
sample SiC1250MF (prepared at 1250 °C for 14 h), the
adsorption (isotherm a) is mainly above P/P0 ) 0.8, thus
suggesting a significant contribution from large meso-
pores perhaps arising from interparticle voids. The
sorption isotherms of the other two samples, which were
prepared for a longer carbothermal reduction period of
20 h, suggest the presence of a broad distribution of
mesopores. It is possible that these samples possess
framework-confined mesopores in addition to larger
mesopores arising from interparticle voids. The iso-
therms in Figure 2B confirm that the SiC materials
exhibit a significant level of porosity.

Table 1 shows the textural properties of SiC materi-
als. The surface area of samples prepared for 7 or 14 h
is in the range 120-145 m2/g, regardless of the heating
ramp rate or carbothermal reduction temperature.13 For
these samples, higher reduction temperature (sample
SiC1300S) appears to favor high surface area, while a
high heating ramp rate (sample SiC1250MF) results in

Figure 1. XRD patterns of SiC materials prepared at (A) a heating ramp rate of 2 °C/min and duration of 7 h at (a) 1200 °C
(SiC1200S), (b) 1250 °C (SiC1250S), (c) 1300 °C (SiC1300S); and (B) a duration of 14 h at 1250 °C with a heating ramp rate of (a)
2 °C/min (SiC1250MS) and (b) 7.5 °C/min (SiC1250MF).
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slightly lower surface area. The surface area of SiC
materials prepared for longer duration (20 h) is much
higher, i.e., 181 and 187 m2/g for samples prepared at
1250 and 1300 °C, respectively. The reduction temper-
ature does not appear to have any significant effect on
the surface area of these 20 h samples. We note that
the surface area observed for these samples is much
higher than that of any previously reported SiC materi-
als.13,17,27 The pore volume of all the SiC materials is
also generally high (typically 0.4-0.55 cm3/g). We
believe that the high textural properties observed here
are due to the use of ordered mesoporous silica (which
possesses high surface area and pore volume) as the
silica source. The mesoporous silica therefore also
functions as a solid template.33 The high surface area
of the samples prepared at 1250 or 1300 °C for 20 h
(sample SiC1250LF and SiC1300LF) is consistent with
the nitrogen sorption isotherms (Figure 2B), which
suggest the presence of framework-confined mesopores.
(It is worth noting here that the presence of significant
amounts of residual carbon in the SiC materials results
in a drastic increase in surface area and pore volume.
For example, HF-washed SiC samples that were not
subjected to the calcination step had a surface area of
ca. 600 m2/g and a pore volume >0.6 cm3/g. The
calcination step, which removes any residual carbon, is

therefore essential before any properties are ascribed
to the SiC phase.)

The thermal stability of the SiC materials (in air) was
assessed by thermogravimetric analysis (TGA). Since
the materials were analyzed under static air conditions,
the TGA was also useful in ascertaining the absence of
residual carbon in the SiC materials. Figure 3 shows
the TGA curves of SiC prepared at 1250 °C for 20 h with
a heating ramp rate of 7.5 °C/min (sample SiC1250LF)
before and after calcination in air at 700 °C. The weight
loss that commences at ca. 600 °C for the uncalcined
sample is due to the combustion of unreacted carbon.
No such weight loss is observed in the TGA curve of

Figure 2. XRD patterns (A) and nitrogen sorption isotherms (B) of SiC prepared with a heating ramp rate of 7.5 °C/min: (a)
1250 °C, 14 h (SiC1250MF); (b) 1250 °C, 20 h (SiC1250LF); (c) 1300 °C, 20 h (SiC1300LF).

Table 1. Surface Area and Pore Volume of SiC Materials
Prepared under Various Carbothermal Reduction

Conditions

sample
temperature

(°C)
duration

(h)

heating
rate

(°C/min)

surface
area

(m2/g)

pore
volume
(cm3/g)

SiC1250S 1250 7 2 119 0.40
SiC1300S 1300 7 2 145 0.42
SiC1250MS 1250 14 2 140 0.43
SiC1250MF 1250 14 7.5 117 0.43
SiC1250LF 1250 20 7.5 181 0.55
SiC1300LF 1300 20 7.5 187 0.35

Figure 3. Thermogravimetric analysis curves of a represen-
tative SiC material (SiC1250LF) before (a) and after (b)
calcination at 700 °C for 2 h.
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the calcined sample (SiC1250LF). This indicates that
any unreacted carbon in the HF-washed SiC samples
is removed by calcination at 700 °C, which is the final
step of the synthesis procedure. It is interesting to note
that the weight of both samples starts increasing at ca.
900 °C, suggesting that SiC is oxidized under the
prevailing oxidative (air) atmosphere, which is in agree-
ment with previous reports.10

Morphology and Nanoscale Ordering. The par-
ticle morphology of the SiC materials was analyzed
using SEM. Figures 4 and 5 show representative SEM
images of a variety of SiC samples. Figure 4 shows
images of samples prepared at various temperatures
with a heating rate of 2 °C/min and duration of 7 or 14
h. Varying quantities of SiC whiskers of diameter 50-
90 nm and length greater than 20 µm are present in all
samples regardless of the reduction temperature. It is
clear from the SEM images that the formation of SiC
whiskers (as indicated by the proportion of particles that
have whisker morphology) increases at higher temper-

ature or at longer reduction duration. Sample SiC1300S
(prepared at 1300 °C) exhibited the highest proportion
of whiskers, thereby confirming that, for durations of
up to 14 h, higher temperatures favor the formation of
SiC whiskers. Extending the carbothermal reduction
duration to 20 h at either 1250 or 1300 °C had a
remarkable effect on the particle morphology of the SiC;
nanotubes were formed rather than whiskers. Figure 5
shows bundles of SiC nanotubes obtained for samples
SiC1250LF and SiC1300LF. The SiC nanotubes, which
have a diameter ranging from 60 to 100 nm and length
typically greater than 10 µm, are solid tubes with
smooth surfaces. The nanotubes observed here are
therefore distinct from the hollow SiC nanotubes (with
surface area around 30-60 m2/g and rough surfaces)
reported by Ledoux and co-workers.27 The present SiC
nanotubes are also distinguishable from previously
reported nanorods31 and nanowires12,30 by their diam-
eter and length. It is important to point out that the
nanotubes were only observed for samples prepared for

Figure 4. SEM images of SiC prepared with a heating ramp rate of 2 °C/min under various conditions (a) 1200 °C, 7 h (SiC1200S);
(b) 1250 °C, 7 h (SiC1250S); (c) 1250 °C, 14 h (SiC1250MS); (d, e, f) 1300 °C, 7 h (SiC1300S).
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20 h. The formation of SiC solid-core nanotubes may
be one reason for the extremely high surface area (>180
m2/g) observed for samples SiC1250LF and SiC1300LF.
To the best of our knowledge, this is the first report on
the preparation of SiC nanotubes that possess such a
high surface area.

We investigated the local ordering of the SiC materi-
als using TEM. Representative TEM images and se-
lected area electron diffraction (SAED) patterns of SiC
whiskers are shown in Figure 6. The morphology and
nanoscale ordering depicted in Figure 6b-d is similar
to that previously reported for known types of SiC
whiskers.34 On the other hand, the morphology in
Figure 6a, which shows a whisker made of straight
fiberlike bundles parallel to the [111] growth direction,
is new and to the best of our knowledge has not been
previously reported.34,35 The SAED pattern for this
“straight fiber” containing whisker (inset Figure 6a)
shows that it is highly crystalline. Figure 6b shows a
whisker with a relatively flat surface and stacking-fault
planes perpendicular to the [111] growth direction.34,35

Figure 6c shows a whisker with a rough sawtooth
surface and stacking faults inclined to the growth
direction while Figure 6d shows that some of the
whiskers have a rough surface and stacking-fault planes
inclined to the growth direction. The SAED pattern
(inset Figure 6d) indicates a high degree of crystalline
ordering. We observed no significant difference in the
nanoscale ordering of whiskers prepared at 1250 and
1300 °C. This indicates that temperature (1250 or 1300

°C) has little effect on the local ordering of the SiC
whiskers and is consistent with the powder XRD pat-
terns in Figure 1. It is interesting to note that Figure
6c indicates the presence of pore-channel type ordering

(34) Seo, W. S.; Koumoto, K.; Aria, S. J. Am. Ceram. Soc. 2000, 83,
2584.
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2000, 83, 2961. (b) Wang, L.; Wada, H.; Allard, L. F. J. Mater. Res.
1992, 7, 148.

Figure 5. Representative SEM images of SiC nanotubes prepared at 1250 °C (SiC1250LF) (a,b) and 1300 °C (SiC1300LF) (c,d)
with a heating ramp rate of 7.5 °C/min and carbothermal reduction duration of 20 h.

Figure 6. Representative TEM images of SiC materials
prepared at a heating rate of 2 °C/min at 1250 °C (SiC1250MS)
(a, b, c) for 14 h or 1300 °C (SiC1300S) (d) for 7 h. The insets
in (a) and (d) are the corresponding SAED patterns.
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for nonwhisker SiC particles. The pore channel type
arrangement is clearly observed in the TEM image. The
spacing calculated from the TEM image, i.e., ca. 5 nm,
is consistent with the formation of the SiC via a
mechanism where the mesoporous silica (SBA-15) acts
as a solid template.33 It is likely that the presence of
such pore channel ordering contributes to the high
surface area of the SiC materials.

Figure 7 shows representative TEM images of pre-
dominantly nanotubular SiC materials prepared for 20
h at 1250 or 1300 °C. Figure 7a shows a nanotube with
a smooth surface and stacking faults inclined to the
[111] growth direction. The corresponding SAED pat-
tern confirms the crystalline nature of the nanotube.
Figure 7b shows that the few non-nanotubular particles
present in sample SIC1250LF possess some pore-
channel type ordering (compare with Figure 6c). The
corresponding SAED pattern of these particles shows
that they are polycrystalline. The spacing calculated
from the TEM image is ca. 5 nm, consistent with a
nanocasting mechanism in which the SBA-15 mesopo-
rous silica acts as a solid template.33 Figure 7c shows a
nanotube with stacking-fault planes perpendicular to
the [111] growth direction. The SAED pattern (Figure
7c, inset) exhibits streaks in the diffraction pattern that
are typical of a disordered layered structure.34,35 Figure
7d shows a nanotube with a smooth surface and stack-
ing faults inclined to the [111] growth direction. The
overall picture that emerges from the TEM studies is
that the local ordering of the SiC whiskers and nano-
tubes is largely similar with respect to the nature of
the stacking faults. However, the SAED patterns sug-
gest that nanotubes, which are obtained from extended
carbothermal reduction for 20 h, possess slightly higher
levels of local ordering (crystallinity). This is consistent
with the powder XRD patterns in Figure 2A.

Composition and Si-C Binding. Information on
the binding between Si and C was obtained from XPS
studies. Figure 8 shows the XPS spectra of representa-
tive SiC samples. The strong peak at 100.4 eV in Figure
8A corresponds to Si2p in SiC.36 The other peak present
in the spectra of sample SiC1200S at 103.3 eV corre-
sponds to Si2p in SiO2 and is due to residual silica. This
confirms that, under our synthesis conditions, a tem-
perature of 1200 °C is not sufficient for complete
conversion of silica to SiC and is consistent with the
XRD pattern in Figure 1A. The strong peak at 282.4
eV in Figure 8B corresponds to C1s in SiC, while the

Figure 7. Representative TEM images of SiC materials
prepared at a heating rate of 7.5 °C/min for a duration of 20
h at 1250 °C (SiC1250LF) (a, b, c) or 1300 °C (SiC1300LF)
(d). The insets in (a), (b), and (c) are the corresponding SAED
patterns.

Figure 8. XPS spectra of Si 2p (A) and C 1s (B) for SiC materials prepared with a heating ramp rate of 2 °C/min for 7 h at (a)
1200 °C (SiC1200S), (b) 1250 °C (SiC1250S), and (c) 1300 °C (SiC1300S).
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other two peaks at 284.2 and 286.2 eV correspond to
residual or adventitious carbon on the surface of the SiC
materials.36 The XPS spectra therefore indicate that
only trace amounts of residual carbon are present in
SiC samples prepared at 1250 or 1300 °C, which is
consistent with the XRD patterns in Figures 1 and 2A.

Conclusions

We have prepared high surface area (120-190 m2/g)
SiC whiskers and nanotubes by carbothermal reduction
of mesoporous silica/carbon (SBA-15/sucrose) composites
at 1200-1300 °C under argon flow. SiC whiskers were
obtained at a carbothermal reduction temperature of at
least 1200 °C. Longer carbothermal reduction duration
(up to 14 h) at 1250 or 1300 °C resulted in higher
whisker production. The whiskers grew in the [111]
direction with a diameter of 50-90 nm and their length

was typically greater than 20 µm. The surface area of
the whisker containing SiC materials was between 120
and 145 m2/g, while their pore volume was ca. 0.42 cm3/
g. High surface area (180-190 m2/g) solid core SiC
nanotubes of diameter 60-100 nm, of length greater
than 10 µm, and with smooth surfaces were obtained
at 1250 or 1300 °C when the carbothermal reduction
was performed for 20 h. The unique properties of the
materials reported here (high surface area, whisker, or
nanotubular morphology) combined with other well-
known properties of SiC (i.e., high-thermal conductivity,
high thermal stability, mechanical strength, and chemi-
cal inertness) provide new opportunities for the exploi-
tation of SiC materials. Furthermore, the method
presented here is facile and does not require catalysts
or vacuum conditions to generate whiskers and nano-
tubes.
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