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ABSTRACT 

Currently available conventional methods for the synthesis of silicon carbide nanotubes are highly demanding in 
terms of the energy consumption, temperature and reaction duration. Synthesis of silicon carbide nanotube through 
microwave irradiation is thought to be more efficient considering shorter time and lower energy consumption is needed. In 
this paper, for the first time the synthesis of silicon carbide nanotubes was reported through microwave heating of mixture 
of carbon nanotubes and silicon dioxide in argon atmosphere at temperature of 1400 °C. Silicon dioxide and carbon 
nanotube in the ratio of 1:3 as suggested by previous study were mixed in ultrasonic bath for 2 hour using ethanol as 
medium. The mixture was dried on hot plate and cold pressed into a 3mm pellet. The pressed pellet was then placed in an 
alumina crucible filled with silica sand acted as heat insulator and SiC susceptor. The pellet was heated to 1400 °C at 
heating rate of 30 °C/min and hold at 1400 °C for 40 minute. X-ray diffraction analysis verified that silicon carbide 
nanotubes were produced after the mixture was subjected to the microwave irradiation. Scanning electron microscopy 
analysis revealed the tubular structure of carbon nanotubes was retained after the microwave irradiation by formation of 
silicon carbide nanotubes which have tubular structure. Fourier transform infrared (FTIR) spectroscopy show that Si=C 
bond has the absorption bands around 900cm-1 to 700cm-1 and band gap of silicon carbide nanotube was found out to be 
2.76 eV.  
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INTRODUCTION 

Silicon carbide (SiC) is one of the most 
promising and attractive ceramic that can be applied in 
many applications including reinforcement of composite, 
electronic devices, optic devices and many other 
applications. Promising properties of SiC nanomaterials 
such as excellent thermal stability, high mechanical 
strength, chemical inertness and unique optical properties 
of SiC has lead the major improvement to properties of 
others material with SiC filler (Li, Shirai and Fuji, 2013), 
(Alfano, 2011), (Senthil and Yong, 2008), (Wu et al., 
2004). 

In the last decade, the main method of SiC 
production is Acheson process which involves very high 
temperature of carbothermal reduction of SiO2 by coke at 
2200-2500 °C (Zheng et al., 2008). Since then, numerous 
other synthesis route have been developed for production 
of SiC including mechanical milling (Chaira, Mishra and 
Sangal, 2007), sol-gel processess (Xin et al., 2012), 
chemical vapor deposition (CVD) (Cao, 2010), rapid 
carbothermal synthesis (Pan et al., 2008) and thermal 
plasma (Karoly et al., 2014). All these method have 
similar limitations and drawbacks such as high energy 
consumption, large impurities of oxygen in the SiC, low 
uniformity of grain size and time consuming reaction.  

Recently, scientists and researchers have 
empolyed microwave heating to synthesize material with 
uniform grain size at high heating rate and reduced 

reaction time. Microwave heating is superior than 
conventional heating considering microwave heating can 
volumetically heat materials with favourable dielectric 
properties while conventional heating rely on the external 
radiant energy to heat materials (Cho and Lee, 2010). The 
heat was generated from the inside of the material when 
exposed to the microwave irradiation and this can 
accelerate the heating process and enhance the diffusion. 
Li, Shirai and Fuji (Li, Shirai and Fuji, 2013) has reported 
that nanostructured β-SiC particles and whickers were 
successfully synthesized in microwave cavity filled with 
argon atmosphere with short heating duration. Microwave 
heating was proven to be an efficient approach for 
synthesis SiC in terms of low consumption energy and 
time saving. 

Considering carbon nanotube has excellent 
microwave absorbing properties,  the aim of this study is 
to produce silicon carbide nanotubes (SiCNTs) by 
exposing the mixture of silicon dioxide and carbon 
nanotube in the ratio of 1:3 to microwave irradiation to 
attain 1400 °C with heating rate of 30 °C/min and hold for 
40 minutes.. Previous study has suggested that 1:3 ratio of 
silicon dioxide to carbon source (graphite) was able to 
produce silicon carbide nanowires without any excess 
carbon and consisted of single β-SiC phase (Ding et al., 
2014). To the best of the authors’ knowledge, there is no 
study reported on the synthesis of silicon carbide 
nanotubes by microwave heating of mixture of carbon 
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nanotubes and silicon dioxide. Therefore, in this study, 
SiCNTs were synthesized by microwave heating of 
mixture of silicon dioxide and carbon nanotubes in the 
ratio of 1:3. SiCNTs were then characterized using 
scanning electron microscopy, x-ray diffraction, energy 
dispersive x-ray, photoluminescence spectroscopy and 
fourier transform infrared in order to investigate the 
morphology, composition and optical properties of the 
SiCNTs.  
 
EXPERIMENTAL 
 
Sample preparation 
 The carbon nanotubes used in this experimental 
are multi walled carbon nanotubes (MWCNTs) which 
were supplied by Sigma Aldrich. These MWCNTs were 
mixed with the silicon dioxide (SiO2) purchased from 
Sigma Aldrich in the ratio of 3:1 ratio according to 
previous study (Ding et al., 2014). Ethanol was used as 
medium for ultrasonic mixing to properly mix the 
MWCNTs and SiO2 for 2 hours. Mixture MWCNTs and 
SiO2 was then dried using hot plate until ethanol was 
completely evaporated left only the mixture of MWCNTs 
and SiO2. The mixture was cold pressed into a 3mm pellet 
using a hydraulic press. 
 
Synthesis of SiCNTs by microwave heating 
 Microwave heating was carried out in a multi 
mode cavity in which microwave irradiation of 2.45GHz 
was introduced through a waveguide. Pellet of MWCNTs 
and SiO2 was placed in an alumina crucible filled with 
silica sand acted as heat insulator and SiC susceptor in 
microwave cavity as shown in Figure-1. Temperature was 
increased to 1400 °C with heating rate of 30 °C/min and 
maintained at this temperature for 40 minute. 
 

 
 

Figure-1. Schematic diagram of setup for microwave 
assisted synthesis. 

 
Characterization of silicon carbide nanotubes 
 After the SiCNTs were synthesized, 
characterization was conducted using scanning electron 
microscopy (SEM), energy-dispersive x-ray (EDX), x-ray 
diffraction (XRD), photoluminescence spectroscopy (PL) 
and fourier transform infrared spectroscopy (FTIR). 

 Phase characterization of SiCNTs was done by 
powder XRD measurements carried out with Siemens 
Diffractometer Model D-5000, using Cu Kα radiation 
source in θ/2θ mode. Measurement made with fast 
duration scan (1s) and small step size (0.02°). 
  The morphology of the SiCNTs was observed 
by scanning electron microscopy (SEM JEOL 
JSM6010LV) at magnification of 30000X and 
accelerating voltage of 20 kV while energy-dispersive x-
ray spectroscopy (EDX JEOL JSM6010LV) equipped 
together with SEM was used to confirm the presence of 
the carbon and silicon in silicon carbide nanotube. 
 Optical properties of SiCNTs such as band gap 
and absorption band were identified using the 
photoluminescence spectroscopy (PL FL3-11 J81040) 
with xenon lamp at 400 watt and excitation wavelength at 
325 nm while for fourier transform infrared spectra was 
recorded using FTIR MAGNA550 kBr spectrocopy with 
wavelength ranged from 500 to 4000 nm-1. 
   
RESULTS AND DISCUSSION  
   
Scanning electron microscopy (SEM) 
 Figure-2 shows images of scanning electron 
microscopy for the MWCNTs, mixture of MWCNTs and 
SiO2 and SiCNTs respectively. The tubular structure of 
carbon nanotube can be observed in Figure-2 a). In 
Figure-2 b), the tubular structure of carbon nanotube was 
retained after the ultrasonic mixing process. White 
particle in the micro size range in Figure-2 b) is the SiO2 

particles. As in Figure-2 c), the structure of nanotube is 
retained after the mixture in Figure-2 b) was exposed to 
microwave irradiation at 1400 °C for 40 minute through 
the formation of silicon carbide nanotube with average 
diameter of 88 nm. SiO2 particle was not observed in 
Figure-2 c) after exposing to microwave irradiation. It is 
postulated in this stage that the tubular structure in Figure-
2 c) is silicon carbide nanotubes. Reaction of MWCNTs 
and SiO2 was dependent on the microwave heating. 
Microwave heating depends on the interactions of 
material with electric field of electromagnetic radiation. 
These interactions caused the materials to heat up from 
the inside of material and lead to more uniform and stable 
distribution of heat within the heated material (Méndez, 
Kharissova and Rodríguez, 2003). In the same manner, 
MWCNTs in the mixture were heated from inside of the 
pellet and heat was transferred to the entire mixture. At 
high temperature of 1100 °C and above, SiO2 particles 
were vaporized to form SiO gas that reacted with 
MWCNTs to form SiCNTs (Ding et al., 2014). These 
reaction can be represented by following: 
 
SiO2(s) + 3C(s) = SiC(s) + 2CO(g)             (1) 
 

Since the SiO vapor reacted with MWCNTs to 
form SiCNTs, the nanotube structure of carbon nantube 
was retained after the reactions. Similar observation was 
reported by Keller et al (Keller et al, 2003) in their study 
of synthesis of SiCNTs by conventional heating of mixture 
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of CNT and SiO2. They found that the tubular morphology 
of carbon was retained after the carburization process. 
This proved that silicon carbide nanotube can be produced 

with the conservation of the starting shape of carbon 
material.  
 

 

 
 

Figure-2. Scanning electron microscopy (SEM) results for a) carbon nanotubes (CNTs), b) Mixure of silicon dioxide and 
carbon nanotube and c) Silicon carbide nanotubes (SiCNTs). 

 
Energy-dispersive X-ray spectroscopy (EDX) 
 Figure-3 shows the result of energy dispersive x-
ray spectroscopy (EDX) analysis for MWCNTs, mixture 
of MWCNTs and SiO2 and SiCNTs respectively. It can be 
observed that peak corresponded to carbon was present in 
the EDX result for the presence of MWCNTs. While in 
Figure-3 b), the EDX results of the mixture of MWCNTs 
and SiO2 show peaks corresponded to carbon, silicon and 
oxygen which were due to the presence of MWCNTs and 
SiO2. EDX results in Figure-3 c) shows the presence of 
peaks correspond to Si and C only with the absence of 
peak corresponded to O. It is postulated that the absence of 
O peak was due to the vaporization of SiO2 during 
microwave heating that led to the formation of SiCNTs. 
This is in good consistence with the absence of SiO2 
particles in the SEM image in Figure-2 c) after the 
microwave heating which shows that the SiO2 was 
completely vaporized become SiO vapor and then reacted 
with MWCNTs to produce SiCNTs (Pham-Huu et al, 
2001). 
  
 

X-ray diffraction (XRD) 
 Figure-4 shows the X-ray diffraction patterns for 
as received MWCNTs and SiCNTs formed after exposing 
to microwave irradiation at 1400 °C for 40 minute 
respectively. The presence of peaks corresponded to β-SiC 
in Figure-4 b) confirmed the silicon carbide nanotube was 
successfully formed after exposing the mixture of 
MWCNTs and SiO2 to microwave irradiation. The peaks 
corresponded to β-SiC in XRD pattern are 35.6°, 43.2°, 
60.2° and 71.7° respectively (JCPDS Card No 29-1129) 
and these 2 theta values of peaks also corresponding to 
cubic reflections of (111), (200), (220) and (311). Ding 
(Ding et al, 2014) also reported similar observation that 
SiC nanowires have diffraction peaks of β-SiC which 
show (111), (220) and (311) cubic reflections with 2θ 
values of 35.0°, 60.1° and 71° respectively. It can also be 
observed that no peaks corresponded to carbon and silicon 
dioxide were detected in X-ray diffraction pattern in 
Figure-4 b). This indicated complete conversion of 
MWCNTs to SiCNTs occurred in this study. 
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Figure-3. Energy-dispersive X-Ray spectroscopy (EDX) analysis for a) MWCNTs, b) Mixure of MWCNTs and SiO2 and 
c) SiCNTs.  

 

 
Figure-4. X-ray diffraction patterns of a) MWCNTs and b) SiCNTs. 

 
Photoluminescence spectroscopy (PL) 
 Figure-5 shows the pholuminescence spectra of 
MWCNTs, mixture of MWCNTs and SiO2 and SiCNTs. 
Figure-5 a) and b) shows that MWCNTs and mixture of 
MWCNTs and SiO2 have emission at 620 nm which 
corresponded to the band gap of 2.0 eV (MWCNTs). 

Figure-5 b) shows emission at 674 nm corresponded to 
band gap of 1.84 eV (SiO2) while SiCNTs spectrum shows 
the emission at 465 nm and corresponded to band gap of 
2.67 eV as seen in Figure-5 c). Compared to bandgap of 
bulk 3C-SiC of 2.39 eV (Lee et al., 2015), the PL 
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spectrum of silicon carbide nanotube is considerably 
blueshifted. 
 

 
 

Figure-5. Photoluminescence spectra of  a) MWCNTs, b) 
Mixure of MWCNTs and SiO2 and c) SiCNTs. 

 
Fourier transform infrared (FTIR)  
 FTIR transmission spectra of MWCNTs, mixture 
of MWCNTs and SiO2 and SiCNTs are shown in Figure-6. 
All FTIR spectra shown absorption bands at 3400cm-1 to 
3500cm-1. These absorption bands indicated the presence 
of water molecule in MWCNTs, mixture of MWCNTs and 
SiO2 and SiCNTs. Similar absorption band was reported 
by Derradji et al. (Derradji et al., 2015). These may due to 
the exposure of specimens to surrounding which caused 
the absorption of water molecule into the specimen 
especially during handling of the specimen. Water 
molecule content was higher in carbon nanotube spectra 
while silicon carbide nanotube was lower in the content of 
water molecule. Similar observation also can be made for 
absorption bands of C=C bonds at 1630cm-1 to 1640cm-1 
(John, 2000) in which the presence of C=C bonds was 
high for MWCNTs but significantly reduced after the 
MWCNTs and SiO2 were converted to SiCNTs after 
exposing the mixture to microwave irradiation. This is in 
good consistence with the XRD patterns in Figure-4 in 

which the peak corresponded to carbon diminished in the 
XRD pattern of SiCNTs, indicating the complete 
conversion of MWCNTs to SiCNTs.  
 

The result were in good agreement with the 
reported value (Chen et al., 2011). It is well known that 
luminescence arises from the transitions of electrons 
trapped at surface states to valence band of nanotube. 
Besides that, there are numerous surface defects in SiC 
depends on the surface area which can affect the 
luminescence properties of SiC (Li et al., 2013). Nur Fatin 
(Fatin et al., 2015) also concluded that the PL spectrum of 
the SiC nanocrystalizes are strongly depend on quantum 
confinement effects attributed to size of the 
nanocrystallites embedded in the nanowires. 

From Figure-6 b) the absorption band at   
1100cm-1 to 1000cm-1 can be seen in the spectrum for 
mixture of MWCNTs and SiO2. This absorption band 
represents the presence of SiO2 bonds that was available in 
spectrum of mixture of MWCNTs and SiO2. The presence 
of this absorption band is in good consistence with the 
absorption bands reported previously for silicon dioxide 
(Lisovskyy et al., 2005). Absorbance bands of 516cm-1 
and 694cm-1 in Figure-6 b) indicated the absorption bands 
for the Si-O stretching vibration and these absorption 
bands only present in spectra of mixture of MWCNTs and 
SiO2 since SiO2 are abundant in the mixture. Ye (Ye, 
Zhang and Lee, 2012) also reported the similar absorbance 
band of the Si-O stretching bands at 520cm-1 was present 
in the SiO2 xerogel. 

Spectrum for SiCNTS in Figure-6 c) shows the   
absorption band from  1000cm-1 to 700cm-1 and this 
absorbance band are represent the Si-C strectching bond of 
SICNTs. Absorbance band of Si-C srectching band only 
shown in FTIR spectra of SICNTs which indicates the 
successful conversion of MWCNTs and SiO2 to SICNTs. 
Li (Li et al., 2011) also reported similar absorbance bands 
of the Si-C stretching bonds lies from 700cm-1 to 1000cm-1 

in the spectra of SiC particles and whiskers synthesized 
from rice husk using microwave heating. 
 

 

 
 

Figure-6. Fourier transform infrared (FTIR) spectra of a) MWCNTs, b) Mixure of MWCNTs and SiO2 and c) SiCNTs. 
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CONCLUSIONS 
 Silicon carbide nanotube was successfully 
synthesized by microwave irradiation of mixture of silicon 
dioxide and carbon nanotube in the ratio 1:3 to 1400 °C 
for 40 minutes. The tubular structure of the carbon 
nanotube was retained after the synthesis by the formation 
of SiC nanotubes. XRD pattern confirmed the SiCNTs 
consist of single β-SiC phase. Band gap characterization 
and photoluminescence properties of SiCNTs were 
investigated. A sharp photoluminescence emission at 465 
nm was observed and the band gap for SiCNTs was 2.67 
eV. Absorbance bands of Si-C stretching band present in 
the FTIR spectra and thus indicated that the silicon carbide 
nanotube was successfully synthesized by exposing 
mixture of silicon dioxide and carbon nanotube to 
microwave irradiation.  
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