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Silicon carbide (SiC) is an important ceramics for engineering and industrial applications due to its advantage to withstand
in high temperatures. In this article, a demonstration of SiC nanowhiskers synthesis by using microwave heating has been
shown. The mixtures of raw materials in the form of pellets were heated, using a laboratory microwave furnace, to 1400 °C for
40 minutes at a heating rate of 20 °C/min. The characterization process proved that the mixture of graphite and silica in the
ratio of 1:3 is an ideal composition for synthesizing single phase β-SiC nanowhiskers. Vapor-solid mechanism was suggested
to explain the formation of SiC nanowhiskers by the proposed microwave heating.
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1. Introduction

Silicon carbide (SiC) is one of the most pop-
ular ceramics used in the industry. It has unique
characteristics such as high melting point, excel-
lent oxidation resistance, high chemical inertness,
high thermal conductivity, good microwave absorb-
ing ability, wide energy band gap and high me-
chanical strength enabling SiC to be used widely
in aerospace structures, biomaterials and high tem-
perature semiconducting devices [1–6]. SiC is pro-
duced mainly in industry by Acheson process. This
process named after its inventor Edward Goodrich
Acheson produces SiC by heating the mixture of
quartz sand and powdered coke (carbon) in an
iron bowl using voltages of 40,000 V to 50,000 V
for 20 hours. Obviously, this process consumes
much energy and time. Subsequently, studies have
been conducted to overcome this issue. Differ-
ent methods have been proposed to produce SiC.
These methods include physical evaporation [7, 8],
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carbon thermal reduction [9], sol gel process [10,
11] and chemical vapor deposition [12, 13]. Al-
though these processes can successfully synthesize
SiC, there are still some drawbacks that limit the in-
troduction of these methods to industrial processes,
such as high energy consumption, long processing
time and extensive chemicals usage. Other than that
processes produce SiC with impurities at the end of
reaction [7].

Lately, researchers have implemented mi-
crowave heating to synthesize inorganic materi-
als [14–17]. Microwaves can volumetrically heat
materials and give sudden increase in the tempera-
ture of a material, comparing to conventional heat-
ing processes that rely on external radiant energy to
heat materials by conduction, convection and radia-
tion. By using microwave processing, reaction rate
can be increased significantly compared to conven-
tional heating which enables the synthesis of SiC
in large quantities [14]. Another researcher, Min-
gos [15] proposed that synthesis of inorganic mate-
rial using microwave heating can enhance mechan-
ical properties of the material. The rapid heating
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by microwaves may limit the extent of non-
isothermal processes, e.g. segregation of impu-
rities to the grain boundaries. Also, since the
sintering time is generally reduced, the possibil-
ity of secondary crystallization may be reduced
and thereby lead to improving the mechanical
properties of the materials [16]. Silicon carbide
nanowhisker (SiCNW) is a SiC with 1-D nano-
structure that can be observed under a microscope
in a whisker/needle form. SiCNWs provide many
advantages to the electronic devices such as sen-
sors, field emitting diodes and solar cells due to the
whiskers form of the material [18].

In this study, microwave heating was used to
synthesize SiCNWs from a mixture of graphite and
silica since it is generally faster, cleaner, and more
economical than the conventional methods [17].
The effect of the ratio of silica and graphite was
studied to determine the ideal proportion of silica
and graphite to synthesize SiCNWs. Several stud-
ies have been done to study the effect of differ-
ent ratios of silica-based and carbon-based starting
material to synthesize SiC. For example, Tong et
al. [19] have studied the effect of ratio of CH4:SiO2
on the synthesis SiC nanopowders by using ther-
mal plasma synthesis. They found that the ratio
of CH4:SiO2 has a significant effect on the purity
of SiC. Zhu et al. [20] have also studied the ef-
fect of C2H4 and SiH4 ratio on the synthesis of
SiC nanopowders through chemical vapor deposi-
tion. They found that single β-SiC phase can be
obtained only for C2H4 and SiH4 in the ratio of
1:2. Therefore, the ratio of raw materials is believed
to have significant influence on the quality and pu-
rity of the end product. To the best of our knowl-
edge, there is no report on the effect of ratio of sil-
ica and graphite on the synthesis of SiCNWs using
microwave heating. Thus, in this study, the ratio of
silica and graphite is considered as an important pa-
rameter to optimize the synthesis of SiCNWs.

2. Experimental
2.1. Sample preparation

Silica (particle size 650 µm) and extra pure fine
graphite powder (particle size 650 µm) were used

as starting material. Mixtures of graphite and silica
of different weight ratios of 1:1, 1:3, 1:5 and 1:7
with a total weight of 1 g were acquired. Ethanol
was used as the liquid medium to mix the raw ma-
terials. Ultrasonic mixing bath was used as an ex-
ternal mean to generate vibrations in the ethanol
for homogeneous mixing of the raw materials. The
mixtures were then dried using a hot plate to va-
porize the liquid medium. Before subjecting to mi-
crowave heating, the mixture was compressed into
pellets. The process of making pellet is essential
to separate the mixture of SiO2 and graphite from
the graphite enveloping the pellet inside the cru-
cible. The pressure applied to the mixture during
the compression process was 312.2 MPa to ensure
full compression of the mixtures.

2.2. Synthesis of SiCNWs by microwave
heating

Microwave heating was performed in a
Synotherm microwave sintering furnace, model
MW-L0316V with a multimode cavity in which
2.45 GHz microwave irradiation was brought out
through a waveguide.

Fig. 1. Setup for sample preparation inside the mi-
crowave cavity.

The pellet was placed in a silica crucible and
the crucible was placed in the microwave cavity
as shown in Fig. 1. Silica sand was used as a heat
insulator to prevent heat loss. SiC susceptor func-
tioned as microwave absorber to absorb and con-
vert electromagnetic energy to heat because SiC
susceptor is a good microwave absorber material.
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The pellets were heated to 1400 °C with a heating
rate of 20 °C/min and soaked for 40 minutes.

2.3. Characterization of SiCNWs
After the microwave heating was done, the

samples were characterized using X-ray diffrac-
tion (XRD), field emission scanning electron mi-
croscopy (FESEM), energy-dispersive X-ray spec-
troscopy (EDX), photoluminescence spectroscopy
(PL), Fourier transform infrared spectroscopy (FT-
IR) and thermo-gravimetric analysis (TGA).

The morphologies of the samples were ob-
served by using FESEM model Nova Nano 450 at
magnification of 200,000× and accelerating voltage
of 5 kV while EDX (EDX OXFORD FM29142)
was used to determine the elemental composi-
tion of the specimens. Meanwhile, XRD Siemens
diffractometer, model D-5000 using CuKα radi-
ation source in θ/2θ mode was used to investi-
gate the composition of the specimens. The mea-
surements were made with fast duration scan (1 s)
and small step size (0.02°). Optical properties of
SiCNWs synthesized from the mixtures were
identified by using the photoluminescence spec-
troscopy (PL FL3-11 J81040) with a xenon lamp
at 400 W and excitation wavelength of 360 nm
and recorded in the wavelength range of 300 nm
to 650 nm. FT-IR MAGNA550 kBr was used to
scan the samples from 500 nm−1 to 4000 nm−1

with the spectral resolution of 4 nm−1. Quality of
SiCNWs was evaluated indirectly by using Perkin-
Elmer Pyris 6 TGA analyzer. Samples about 10 mg
weight were heated from 30 °C to 1300 °C with
a heating rate of 10 °C/min in atmospheric air to
investigate the quality of the synthesized SiCNWs.

3. Result and discussion
3.1. Characterization of SiCNWs using
FESEM

Fig. 2 shows the FESEM images of samples
with different ratios of SiO2 and graphite, subjected
to microwave heating. It can be seen that the ratio
of SiO2 and graphite, significantly influences the
synthesis of SiCNWs. Fig. 2a shows the mixture of
SiO2 and graphite in the 1:1 ratio after subjecting

to microwave heating. It can be observed that only
a little amount of nanowhiskers (blue circles) were
formed and the particles in microsize (orange cir-
cle) are unreacted SiO2. It is believed that this is
due to the fact that the amount of graphite was not
sufficient to react with the SiO2. Similar observa-
tion was reported by Biernacki et al. [21]. They re-
ported that in case of insufficient amount of car-
bon, the formed SiC may react with excess silica to
form SiO and CO gases at high temperatures caus-
ing the loss of SiC. Thus, SiC nanowhiskers were
not formed or formed in too small amount to be ob-
served due to the reaction between the formed SiC
with excess SiO2 based on the following reaction:

2SiO2(g)+SiC(s)+3SiO(g)+CO(g) (1)

Fig. 2b shows the FESEM images of SiCNWs
formed from the mixture of SiO2 and graphite in
the ratio of 1:3 that was subjected to microwave
heating. SiC in the form of nanowhiskers can be
clearly observed. The diameters of the SiCNWs are
uniform along the length of the nanowhiskers. No
particles of graphite or silica are observed, which
means that all graphite and silica were converted to
SiCNWs. The ratio of 1:3 of silica and graphite is
believed to be the ideal for synthesis of SiCNWs. Li
et al. [10] also reported similar result for SiC in the
form of nanowhiskers without a trace of raw ma-
terials, obtained using silica sol and phenolic resin
(carbon) in the ratio of 1:3.

Fig. 2c shows the SiCNWs formed by mi-
crowave heating of a mixture of SiO2 and graphite
in the ratio of 1:5. It can be observed that the
amount SiC nanowhiskers (blue circle) is less than
those formed in Fig. 2b. Irregular particles can be
observed (red circle). The residue left in the prod-
uct might be excess unreacted graphite. Similar ob-
servation was made for SiCNWs formed by mi-
crowave heating SiO2 and graphite mixture in the
ratio of 1:7. The amount of unreacted graphite par-
ticles is higher. It is believed that the presence of
unreacted graphite is due to the insufficient amount
of silica in the starting material.
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(a) (b)

(c) (d)

Fig. 2. FESEM images of the mixtures of graphite and silica in the ratio of (a) 1:1; (b) 1:3; (c) 1:5 and (d) 1:7
after subjecting to microwave heating. Orange circle: SiO2 unreacted, blue circle: SiCNWs and red circle:
unreacted graphite.

3.2. XRD patterns characterization

XRD patterns of SiCNWs synthesized from the
mixtures of different ratios of SiO2 and graphite are
shown in Fig. 3. In Fig. 3a, the peak corresponding
to SiO2 at 2θ of 22.3°, associated with (1 0 0) plane
is noticed. The peak of β-SiC (1 1 1) with low in-
tensity is observed at the 2θ values of 36°. This in-
dicates that for the ratio 1:1 of SiO2 and graphite,
insufficient amount of carbon caused the incom-
plete synthesis of SiCNWs. Small peak of SiC has
appeared due to the side reaction of the formed SiC

with the excess SiO2 forming SiO and CO gases,
which led to the depletion of SiC phase [22]. This
observation is in good consistency with the corre-
sponding FESEM image in Fig. 2a, in which only
small amount of SiCNWs was observed.

Fig. 3b shows the XRD pattern of SiCNW syn-
thesized from the mixture of SiO2 and graphite in
the ratio of 1:3. Three peaks that correspond to
ß-SiC, with (1 1 1), (2 2 0) and (3 1 1) crystal
planes of cubic β-SiC (JCPDS Card No. 074-2307)
are observed at 2θ values of 36°, 61° and 72.5°.
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Ceballos-Mendivil et al. [23] also reported a simi-
lar observation that β-SiC has diffraction peaks at
2θ values of 35.6°, 60° and 71.8° corresponding to
(1 1 1), (2 2 0) and (3 1 1) cubic reflections. No
signal of either SiO2 or carbon is observed in this
XRD pattern. It can be concluded that the mix-
ture of SiO2 and graphite in the ratio 1:3 was con-
verted completely to SiCNWs. This result is in
good agreement with the FESEM images in Fig. 2b
in which SiCNWs were observed without the traces
of graphite or silica particles.

For SiCNWs synthesized from the mixture of
SiO2 and graphite in the ratio of 1:5, as in Fig. 3c,
the peaks corresponding to β-SiC appear at 2θ val-
ues of 36°, 61° and 72.5°, respectively. However,
the relative intensities of these peaks are lower
compared to those in Fig. 3b. A small peak of
carbon phase observed also at 27° corresponds to
(0 0 2) plane of graphite. Generally, the presence
of carbon phase is due to the excess of unreacted
graphite. In consistency with FESEM image in
Fig. 2c, the amount of SiCNWs formed from the
mixture of SiO2 and graphite in the ratio of 1:5 de-
creased comparing to Fig. 2b while irregular par-
ticles of unreacted graphite are observed. As dis-
played in Fig. 3d, the peaks are similar to that in
Fig. 3c but the intensity of the peak of carbon phase
at 2θ of 27° has risen slightly; meanwhile the peak
of β-SiC decreased slightly compared to Fig. 3c. It
is in good consistency with Fig. 2d but the amount
of SiCNWs is lower compared to FESEM image of
Fig. 2c. Changhong et al. [24] proposed that an ex-
cess of carbon in synthesis of SiC is advantageous
due to preventing undesired agglomeration of SiC
powder but too large amount of carbon may affect
the amount of produced SiC.

3.3. Energy-dispersive X-ray spec-
troscopy (EDX)

Fig. 4 shows the EDX spectra of the
SiCNWs synthesized by microwave irradiation
from mixtures in the ratios of 1:1, 1:3, 1:5 and 1:7.
Fig. 4a shows the EDX pattern of SiCNWs syn-
thesized from the mixture of silica and graphite
with the ratio of 1:1. From the peaks, 3 elements
were detected which are Si, C and O. O element

Fig. 3. XRD patterns of SiCNW synthesized by mi-
crowave heating of the mixtures of SiO2 and
graphite in the ratios of (a) 1:1; (b) 1:3; (c) 1:5
and (d) 1:7.

corresponds to the presence of silica in the final
product. This indicates that silica has not fully re-
acted in this process, which is in good consistency
with the XRD result in Fig. 3 and FESEM image in
Fig. 2a. Similar observation was also reported by
Quah et al. [25] and they attributed the presence of
O element in the EDX spectrum to the presence of
unreacted SiO in the final product.

In the EDX spectrum of SiCNWs synthesized
from the mixture with the ratio 1:3, peaks corre-
sponding to Si and C elements were found. This in-
dicates that the mixture of SiO2 and graphite in the
ratio of 1:3 reacted completely to form SiCNWs.

As shown in Fig. 4c and Fig. 4d, the EDX spec-
tra of SiCNWs synthesized from the mixture of
SiO2 and graphite with the ratios of 1:5 and 1:7
consist of peaks corresponding to C and Si, respec-
tively. However, the intensity of EDX peak corre-
sponding to C increased as the ratio of C to SiO2
in the mixture of raw materials increased. This is
because of the presence of graphite that has not re-
acted with SiO2 during the microwave heating pro-
cess due to insufficient amount of SiO2. This result
is in good agreement with XRD patterns and SEM
images of SiCNWs formed from the mixtures of
SiO2 and graphite with the ratios of 1:5 and 1:7,
respectively.
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Fig. 4. EDX spectra of the SiCNWs synthesized by
using microwave heating from the mixtures of
SiO2 and graphite with the ratios of (a) 1:1; (b)
1:3; (c) 1:5 and (d) 1:7.

3.4. Fourier transform infrared spec-
troscopy (FT-IR)

FT-IR transmission spectra of SiCNWs syn-
thesized from the mixtures with different ratios
of graphite and SiO2 are shown in Fig. 5. From
the graph, it can be concluded that the SiCNWs
were successfully synthesized since the FT-IR
peaks correspond to Si-C stretching bond present
at 1000 cm−1 to 800 cm−1 in all the FT-IR spectra
of SiCNWs. From Fig. 5a, it can be observed that
SICNWs synthesized from the mixture of SiO2 and
graphite with the ratio of 1:1 has FT-IR peak corre-
sponding to stretching bond of Si–O bonding group
at 1110 cm−1. The presence of this absorption band
indicates the presence of SiO2. Similar absorption
bands were reported by Zhao et al. [8] and Ra-
jarao et al. [26]. Zhao et al. obtained such absorp-
tion peak at 1080 cm−1 and they suggested that
this peak was associated with the Si–O–Si bond of
mesoporous silica. Rajarao et al. also reported ab-
sorption band at 1045 cm−1 and this peak was at-
tributed to Si–O–Si bond. This result indicated that
some of the SiO2 was unreacted. This was due to
the fact that the amount of available graphite was
insufficient to react completely with SiO2 and thus
caused some of SiO2 was left as residue.

For the FT-IR spectrum of SiCNWs formed
from the mixture of graphite and SiO2 with 1:3

Fig. 5. FT-IR spectra of SiCNWs synthesized using the
microwave heating from the blend of SiO2 and
graphite in the ratio of (a) 1:1; (b) 1:3; (c) 1:5
and (d) 1:7.

ratio, the peak appearing at 805.22 cm−1 corre-
sponds to the presence of Si–C bond which indi-
cates the successful synthesis of SiCNWs. Similar
absorption peak was reported in the study of Ra-
jarao et al. [26], which attributed absorption band
at 805 cm−1 to Si–C bond. This result is in good
consistency with the XRD result of SiCNWs syn-
thesized with the ratio 1:3 shown in Fig. 3b, which
indicates the presence of only a single phase β-SiC
and thus denotes complete conversion of graphite
to SiCNWs. FT-IR spectra of SiCNWs were syn-
thesized from a blend of SiO2 and graphite in
the ratio of 1:5 and 1:7 as shown in Fig. 5c and
Fig. 5d revealing the presence of absorption peak
corresponding to C=C stretching bonds centered
at 1640 cm−1. Absorption bands at 1630 cm−1 to
1640 cm−1 are also observed in Fig. 5c and Fig. 5d
and these absorption bands are due to the presence
of C=C bonds of graphite [27]. The intensity of
absorption band of C=C is higher in Fig. 5d com-
paring to Fig. 5c because the increased amount of
graphite in the mixture of silica and graphite of 1:7
ratio compared to 1:5 ratio.

3.5. Photoluminescence characterization

PL spectra of SiCNWs synthesized from the
mixtures with different SiO2 and graphite ratios are
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shown in Fig. 6. Fig. 6 shows the peaks of SiCNWs
at 440 nm (2.8 eV) in all spectra. The peaks are ob-
viously blue-shifted in comparison with the band
gap of 3C-SiC (2.39 eV). The blue shift of the PL
peak of 3C-SiC nanomaterials has been reported by
several researchers [28–31]. For example, the peak
at 418 nm has been detected in 3C-SiC nanobelts
by Wu et al. [32]. They proposed that the origin of
this peak depends on the nanostructure, morphol-
ogy and size of 3C-SiC samples. The collective in-
fluence of size confinement effect and defects lead
to the blue-shift of the peak. Thus, the peak emis-
sion that appeared at around 440 nm may be related
to size confinement effect and defects.

Fig. 6. PL spectrum of SiCNWs synthesized using the
microwave heating from the mixture of SiO2
and graphite in the ratio of (a) 1:1; (b) 1:3; (c)
1:5 and (d) 1:7.

Fig. 6a displays PL spectrum of SiCNWs syn-
thesized from the blend of SiO2 and graphite in
the ratio of 1:1 which shows the presence of PL
peak attributed to oxygen discrepancy in SiO2 at
the wavelength ∼380 nm corresponding to band
gap of 3.2 eV. This PL spectrum is in good consis-
tency with the XRD result of SiCNWs synthesized
from the blend of SiO2 and graphite in the ratio of
1:1, which shows the presence of XRD peak cor-
responding to SiO2. Nandanwar et al. [33] studied
SiO2 nanoparticles that also indicated PL spectrum
of pure SiO2 with similar result at 381.8 nm.

Fig. 6b shows that in the PL spectrum of SiC-
NWs formed from the mixture with the ratio of
SiO2 and graphite of 1:3, only one peak appeared at
425 nm. The peak corresponds to β-SiC. This indi-
cates that only SiC is present in the SiCNWs syn-
thesized from this mixture. This result is in good
consistency with the XRD result in Fig. 3b showing
that graphite and SiO2 reacted completely forming
single phase SiCNWs.

For the SiCNWs synthesized from the blend of
SiO2 and graphite with the ratios of 1:5 and 1:7
as shown in Fig. 6c and d, it can be seen that the
peaks corresponding to β-SiC and carbon are ob-
served at the wavelength of 420 nm and 620 nm
with band gaps of 2.9 eV and 2.0 eV, respectively.
This indicates that there is unreacted graphite in the
SiCNWs [34].

3.6. Thermal gravimetric analysis of
SiCNWs

Thermal gravimetric analysis (TGA) results of
SiCNWs synthesized from the mixtures with dif-
ferent ratios of silica and graphite are presented in
Fig. 7. TGA was conducted to evaluate the qual-
ity of SiCNWs indirectly. For SiCNWs synthesized
from the mixture with 1:1 ratio (Fig. 7b), the weight
loss started at 700 °C with a total of 8 % weight
loss. The weight loss of SiCNWs can be attributed
to the oxidation of unreacted carbon from the syn-
thesis of SiCNWs. Corriu et al. [35] proposed that
the weight loss which occurred in the range of
450 °C to 750 °C was assigned to the air oxida-
tion of the carbon. Smaller weight loss occurred for
SiCNWs formed from the mixture with 1:3 ratio
as compared to SiCNWs formed from other mix-
tures with just 6 % of weight loss. This weight loss
may be attributed to the oxidation of carbon. Lower
weight loss of SiCNWs synthesized from the mix-
ture of 1:3 ratio compared to that synthesized from
the mixture of 1:1 ratio is due to the absence of
carbon, because graphite has been fully converted
into SiCNWs. This result is in good agreement with
XRD result in Fig. 3b where the amount of carbon
in SiCNWs formed from the mixture with the ratio
1:3 was too low to be detected. This high resistance
toward oxidation shown by the SiCNWs made from
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1:3 ratio of silica and graphite is attributed to the
formation of pure SiCNWs.

Fig. 7. TGA curves obtained by microwave heating of
SiCNWs synthesized from the mixtures of SiO2
and graphite in the ratios of (a) 1:3 (weight loss
6 %); (b) 1:1 (weight loss 8 %); (c) 1:5 (weight
loss 45 %); (d) 1:7 (weight loss 65 %).

Fig. 7c shows that for SiCNWs synthesized
from the mixture of 1:5 ratio, 45 % weight loss
is observed from 700 °C to 950 °C, while for
SiCNWs synthesized from the mixture of 1:7 ra-
tio in Fig. 7d, 65 % weight loss is observed from
700 °C to 950 °C. The increase in weight loss is due
to the oxidation of carbon in SiCNWs formed from
the mixtures with 1:5 and 1:7 ratios. The weight
loss of SiCNWs synthesized from mixture of 1:7
ratio is higher compared to SiCNWs synthesized
from mixture with 1:5 ratio, due to the excess of
carbon in the remaining SiCNWs. The results are in
good consistency with the XRD result from Fig. 3
that indicated the presence of higher amount of ex-
cess carbon for SiCNWs synthesized from the mix-
ture with 1:7 ratio. This result demonstrates that
SiCNWs produced from the mixture with the ratio
of silica and graphite 1:3 has the highest thermal
stability.

3.7. Growth of SiCNWs by microwave
heating

Interaction of dielectric materials such as
graphite with microwaves leads to what is

generally described as dielectric heating. The inter-
action of charged particles in some materials with
the electric field component of electromagnetic
radiation causes these materials to heat up [36].
Graphite is known as carbon-based material that
contains charged particles which are free to move
in a delimited region of the material [36, 39]. When
electromagnetic field is applied to a material such
as graphite, current being in phase with the electro-
magnetic field is induced. The electrons from the
carbon material that cannot couple to the changes
of phase in the electric field cause energy to dissi-
pate in the form of heat. Fig. 8 shows the mecha-
nism of dielectric heating that is based on the mo-
tion of electrons from carbon material to generate
heat. Unlike liquid that has freely-rotatable dipole,
carbon generates heat from the motion of electrons
through Joule heating within the grains. This reac-
tion is called Maxwell-Wagner effect that is quite
different from the reaction of electromagnetic wave
to a liquid such as water that heats up due to vibra-
tion of molecules [36, 37]. Calorimetric study of
microwave absorption proposed by He et al. [38]
showed that silica as an inorganic material almost
cannot react to microwaves and the reaction is not
as effective as in carbon based materials. Since the
quartz material is not sensitive to microwave, we
suggest that the heat from graphite (carbon based
material) is transferred to silica via external radi-
ant energy, such as conduction, convection and ra-
diation, to assist the heating of silica. The homo-
geneous blend of silica and graphite therefore sig-
nificantly affects the uniformity of temperature in-
crease for both materials.

SiCNWs grow due to the carbothermal reduc-
tion between carbon and silica. The reduction of
silica by carbon takes place through the following
overall reaction [4]:

SiO2(s)+3C(s) = SiC(s)+2CO(g) (2)

The reactions between silica and graphite are
believed to occur in multiple steps before the pro-
duction of SiCNWs. First reaction is the carbother-
mal reduction of silica and graphite to form SiO
and CO gases by the following reaction:

SiO2(s)+C(s)→ SiO(g)+CO(g) (3)
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Fig. 8. Interaction of microwave with graphite leading
to dielectric heating of graphite.

The vapor-solid (VS) mechanism was sug-
gested to explain the formation of SiCNWs. In re-
action 4, SiO reacts with C to produce SiC nucleus
as follow:

SiO(g)+2C(s)→ SiC(s)+CO(g) (4)

Cetinkaya et al. [22] stated that Si-containing
vapors such as Si or SiO vapors react with CO gas
or C solid to form SiC nuclei for the formation
of SiCNWs through VS mechanism. SiC particles
from reaction 4 are believed to serve as nucleation
sites for VS mechanism:

SiO(g)+3CO(g)→ SiCNWs(s)+2CO2(g) (5)

From reaction 5, the VS mechanism occurs
when SiO vapor and CO vapor have deposited at
the tip of nuclei that formed from the previous re-
action. The whisker grows along the direction of
the least stable plane and forms SiCNWs as shown
in Fig. 9. Fu et al. [39] proposed that the nanowire
growth might be attributed to the direct reaction be-
tween Si and carbon atoms based on the adsorption
and diffusion processes from preferential tips of the
crystal nuclei. Fig. 10 shows the overall reaction
from carbon atom and SiO vapor to form a nucle-
ation site. Then, in the reaction between SiO and
CO vapors first the whiskers, and finally SiCNWs
are formed.

Fig. 9. Formation of a whisker by VS mechanism.

Fig. 10. Schematic of SiCNWs growth from reaction of
SiO and CO vapor.

4. Conclusions
SiC nanowhiskers have been successfully syn-

thesized through the microwave heating of a mix-
ture of SiO2 and graphite. The experiment was
studied by using different ratios of SiO2/graphite.
SiCNWs were characterized by X-ray diffrac-
tion (XRD), field emission scanning electron mi-
croscopy (FESEM), energy dispersive X-ray spec-
troscopy (EDX), photoluminescence spectroscopy
(PL), Fourier transform infrared (FT-IR) and
thermo-gravimetric analysis (TGA). The blend of
SiO2 and graphite with the ratio 1:3 was found
to be ideal for the synthesis of SiCNWs be-
cause of complete reaction between SiO2 and
graphite resulting in the formation of single phase
β-SiC nanowhiskers without any residue of SiO2 or
graphite. Blends of SiO2 and graphite with the ra-
tios 1:5 and 1:7 had the traces of unreacted graphite
indicating that the conversion of graphite to
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SiCNWs was incomplete while unreacted SiO2 was
detected in the mixture with 1:1 ratio of graphite
and SiO2. This study describes a potential way
of preparation of nanostructures (nanowhiskers)
using graphite and silica by microwave heating,
which can be a synthesis model for other materials
blending.
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