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A black cotton-like solid made of pure interlaced SiC≅C nanocables was prepared and fully characterized. These               
SiC≅C NCs are made of SiC nanowires sheathed by a turbostratic carbon coating. Chemical surface modifications of these 
NCs have been performed. They can be transformed into SiC≅SiO2 nanocables by a simple dry-air thermal treatment up to            
550 °C. The nanofibrous shape is retained during the pyrolysis but the diameter of the ensuing NCs is smaller than that of 
the starting materials, due to a partial oxidation of the SiC core. The resulting amorphous silica coating can be removed by 
a concentrated HF treatment during 48H yielding pure SiC nanowires. These preliminary results demonstrate that chemical 
surface modifications of SiC-based fibrous nanostructures are possible. Applications are expected in the field of catalytic 
supports and composite materials.  
 
(Received January 18, 2006; accepted March 23, 2006) 
 
Keywords: SiC nanocable, Catalyst support, Chemical surface modification 
 

 
 

1. Introduction 
 
Since their first observation by S. Ii jima in 1991 [1], 

an increasing number of works were devoted to the 
synthesis, characterization and utilization of single-wall 
then multi-walls carbon nanotubes, CNTs. In the same 
way, numerous studies are now exploring the preparation 
of nanowires (NWs) of various chemical compositions 
(SiC, Si3N4, ZnO, GaN, etc.). Indeed, nanowires can be 
more efficient than CNTs for some selected optical, 
electronic, mechanical or biological applications [2]. 
Among these materials, cubic silicon carbide (β-SiC) has 
attracted much interest due to its unique combination of 
valuable chemical and physical properties. Indeed, β-SiC 
is a wide band gap semi-conducting material which 
exhibits interesting properties, such as high thermal and 
chemical stability, high hardness and high mechanical 
strength. Due to these intrinsic properties, β-SiC is a good 
candidate for optoelectronic devices designed for high 
temperature, high power and high frequency applications, 
and even in harsh environments [3-7]. In addition, the 
possible uses of SiC nanostructures as catalyst supports [8-
10] or as reinforcement materials in ceramic matrix 
composites [11] are also under investigation.  

The large works started 30 years ago for the 
fabrication of SiC whiskers [12] was used in the past few 
years as a basis for developing a wide range of 
experimental techniques for the synthesis of SiC 
nanostructures. SiC nanowires have been prepared from 
CNTs and Si-rich vapor phase [5,13,14] or from Si NWs 
and carbon-rich vapor phase [15]. Similar carbothermal 
routes allow the synthesis of SiC NWs from carbon 
nanoparticles [16]. In a similar way, Li et al. have used a 

technique based on mechanical activation, with the ball-
mil ling of a mixture of Si and SiO2 powders, and a 
subsequent pyrolysis under a C3H8 flow [17]. In our group, 
we have synthesized SiC NWs from the reaction of 
commercial micrometric Si particles with gaseous “CN” -
based reactants, generated in situ from solid carbon and 
nitrogen [18-20]. Lu et al. have also fabricated SiC NWs 
at low temperature, under high pressure, by using CCl4, 
SiCl4 and Na as raw materials [21]. More recently, Oya et 
al. prepared SiC NWs by melt-spinning of a polymer 
blend [22]. Finally, SiC NWs can also be prepared by 
using catalytic chemical vapor deposition (CCVD) 
process, and the vapor-liquid-solid (VLS) growth 
mechanism [23]. The same growth mechanism is used for 
the synthesis of SiC NWs by laser ablation [24], and by 
arc discharge [25]. All these techniques allow the 
production of SiC NWs at the lab-scale but the need for a 
simple route to produce large amount of SiC NWs has 
been clearly emphasized.  

Recently, a breakthrough in the mass production of 
SiC-based nanostructures was performed in our group with 
the discovery of a simple and cheap method, based on a 
Vapor-Solid (VS) growth mechanism, allowing the 
fabrication of large amounts of SiC-based nanowires and 
nanocables [26]. The NCs can be seen as coaxial 
nanostructures made of SiC NWs sheathed by one or 
several coatings, and forming coaxial nanocomposites. 
Since it is now possible to produce amounts of SiC-based 
nanostructures compatible with industrial applications, we 
are now exploring the possible applications of these 
nanoobjects. For both catalytic and composite 
applications, one key point is to control the chemical 
nature of their surface. Indeed, this should open the way to 
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surface fonctionnalization of the NWs by catalytic active 
groups. Moreover, for composite applications, it is 
necessary to control the presence of a selected coating on 
the surface of the NWs, since this coating can act as an 
interphase between the NWs and the matrix. In this 
context, we describe in the present paper the first results 
concerning the chemical surface tuning of SiC-based 
nanostructures. 

 
 
2. Experimental 
 
All the nanostructures depicted in this paper were 

analyzed by the means of scanning electron microscopy 
(SEM, Model S800, Hitachi), high-resolution transmission 
electron microscopy (HRTEM, TOPCON 002B), energy 
dispersive X-ray spectroscopy (EDX, KEVEX SIGMA, 
NORAN Instruments), and XRD analysis using a Philipps 
PW 3040/60 X'Pert PRO X-ray diffraction system (Cukα 
radiation; λ = 1.5406 Å at 40 kV and 30 mA). 

Samples of pure SiC≅C NCs were prepared as starting 
materials by the vapour-solid (VS) growth mechanism 
[26].  

In a first experiment, an alumina boat filled with the 
black cotton-like solid made of pure SiC≅C NCs was 
placed into an alumina tube in a horizontal tube furnace. 
The tube was heated under a dry-air flow (5 mL min-1) up 
to 550 °C (heating rate 200 °C h-1). The temperature was 
maintained at 550 °C during 2 hours then allowed to cool 
down to room temperature. Finally, a white cotton-like 
solid was scraped from the alumina boat and then fully 
characterized.  

In a second experiment, the ensuing white-cotton like 
solid was treated by concentrated hydrofluoric (HF) acid 
(50%) during 48 hours. After fil tration, the product was 
washed by disti lled water, absolute ethanol, and then 
acetone. After a drying step at 100 °C during 4 hours, the 
final product was obtained and subsequently analyzed. 

 
 
3. Results and discussion 
 
1. From SiC≅C NCs to SiC≅SiO2 NCs 
 
A sample of SiC≅C NCs was prepared by the catalytic 

decomposition of polypropylene onto a catalytic graphite 
surface, and in presence of SiO (g) [26]. The sample had 
an aspect of a black cotton-like solid and was analyzed by 
SEM and TEM. As i llustrated by the image depicted in 
Fig. 1, SEM analysis of the sample indicates that it is 
wholly made of interlaced fibrous nanostructures. The 
latter are highly long and their length can be estimate up to 
500 µm. The structure and chemical composition of the 
fibrous nanostructures were determined during TEM 
analysis. 

 
Fig. 1. SEM images of the black cotton-like solid made of 

SiC@C NCs. 
 

Fig. 2 shows TEM images of the sample. In 
accordance with SEM observations, TEM investigations 
showed that the NWs prepared by this method were highly 
pure with no residual particles, and exhibited diameters 
fall ing in the range 50 to 100 nm. As evidenced by Fig. 2, 
the NWs exhibit a bumpy surface, which should be related 
to the presence of a heterogeneous coating onto their 
surface.  
 

   
 

 
 

Fig. 2. TEM images of the black cotton-like solid. 
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HRTEM analyses were performed on these fibrous 
nanostructures and Fig. 3 shows an HRTEM image of a 
representative NW. The presence of a heterogeneous layer 
onto the surface of the NW can be clearly seen. The 
chemical compositions of the core and of the coating were 
determined by EDX analysis. The core of the fibrous 
nanostructure is composed of carbon and silicon. Selected 
area electron diffraction indicated that the core is made of 
the cubic polymorph of sil icon carbide (β-SiC). The 
diameter of this central SiC nanowire was between 30 to 
50 nm. As identified by HRTEM and electron diffraction, 
the preferential growth direction of the NWs is generally 
parallel to the [111] direction (see white arrow, Fig. 3), in 
agreement with previously reported studies [18]. EDX 
analysis revealed that the coating is made of pure carbon. 
As illustrated by the image on Fig. 3, HRTEM and 
electron diffraction revealed that that the coating is 
composed of turbostratic carbon, with an imperfect 
organization of the graphitic layers along the fibre axis. 
Therefore, the starting fibrous nanostructures were made 
of a β-SiC core sheathed by a turbostratic carbon layer, 
namely SiC≅C nanocables. 

 

 
 

Fig. 3. HRTEM image of a 
�
-SiC≅C nanocable. 

 
 

In a first experiment, a sample of � -SiC≅C nanocables 
were heated up to 550 °C under a dry air flow. After 2 
hours at this temperature, a white cotton-like solid was 
scrapped from the alumina boat and analyzed by SEM, 
TEM and DRX. Fig. 4 shows the di ffractrograms of the 
sample before and after the thermal treatment.  
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Fig. 4. Diffractograms of the sample of 
�
-SiC≅C nanocables (a) before and (b) after the thermal treatment  

under dry-air up to 550 °C.  
 
 

After the thermal treatment under dry-air, we 
observed that the diffraction peaks corresponding to 
turbostratic carbon are missing and that a broad wide peak 
at 2θ = 34° appeared. This peak was attributed to SiO2. 
These results evidence that the carbon coating was 
consumed during the dry-air pyrolysis and that si lica has 
been generated from SiC. Next step is to determine if the 
nanofibrous shape has been retained during pyrolysis. 

SEM analysis revealed that the sample is still  made of 
interlaced fibrous nanostructures, and the recorded images 
were very similar to the ones corresponding to SiC≅C 
NCs. In contrast, a representative TEM image of the 
sample is given in Fig. 5.  
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Fig. 5. TEM image of the 
�

-SiC≅SiO2 nanocables. 
 
 

EDX and electron diffraction analyses indicated that 
the core is stil l made of cubic silicon carbide. The SiC 
nanowires exhibited diameters between 10 to 30 nm, 
which is smaller than before the thermal treatment. These 
SiC NWs are sheathed by an amorphous layer of silica, 
forming SiC≅SiO2 NCs. The surface of the NCs was 
smooth compared to SiC≅C NCs. The layer thickness runs 
from 10 to 40 nm. Therefore, we can deduce from these 
observations that, during the thermal treatment under dry-
air, the carbon layer was first removed by oxidation. In a 
second step, the SiC NWs were also oxidized yielding 
SiC≅SiO2 NCs. Consistently with this assumption, the 
diameter of these NCs are in the same range than the 
initial SiC core of the SiC≅C NCs.  

It is also interesting to notice than the SiC cores of the 
SiC≅SiO2 NCs are generally not located at the geometric 
middle of the NCs. This could be due to the position of the 
starting carbon-coated NCs compared to the air flow 
during pyrolysis, which yield to an anisotropic oxidation 
of the SiC NWs.  

Therefore, we have demonstrated that SiC≅C NCs can 
be transformed by air-oxidation into SiC≅SiO2 NCs. The 
next step is now to determine if this silica coating can be 
removed to yield pure SiC NWs with low diameters.  

 
2. From SiC≅SiO2 NCs to SiC NWs 
 
In order to eliminate the outer layer of amorphous 

SiO2, the SiC≅SiO2 NCs were treated by concentrated 
hydrofluoric acid (50%) during 48 hours. After fi ltration, 
the product was washed by disti lled water, absolute 
ethanol, and then acetone. A drying step at 100 °C for            
4 hours yielded a l ight-blue cotton-like solid. The SEM 
investigations reveals that the nanofibrous shape of the 

samples was not affected by the HF treatment. The TEM 
analysis was carried out and a low magnification image is 
presented in Fig. 6. This image indicated that the sample 
was made of interlaced nanowires. They exhibit 
heterogeneous diameter going from 5 to 30 nm and lengths 
which can reach several hundreds of micrometers. 
 

 
 

Fig. 6. TEM image of the blue-white cotton-like solid. 
 
 

A great number of nanowires was studied and 
analyzed by TEM. As an i llustration, Fig. 7a shows the 
TEM image of a typical nanowire. Its chemical analyses 
by EDX confirmed that it was made of pure silicon carbide 
without any coating layer. The SAED analysis (Fig. 7b) 
permitted to verify that we had obtained the cubic 
polymorph of SiC, � -SiC. Therefore, we have determined 
a two-spot route for the mass fabrication of SiC NWs from 
SiC≅C NCs via SiC≅SiO2 NCs. 
 

 
 

Fig. 7. (a) TEM image and the corresponding SAED of a 
SiC nanowire. 

 
 

4. Conclusions 
 
As we found, SiC≅C nanocables, which consist of SiC 

nanowires sheathed by a layer of turbostratic carbon, can 
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be transformed into SiC≅SiO2 nanocables by a simple dry-
air thermal treatment up to 550 °C. The nanofibrous shape 
is retained during the pyrolysis but the diameters of the 
ensuing NCs are smaller than those of the starting 
materials due to a partial oxidation of the SiC core of the 
SiC≅C NCs. The resulting amorphous silica coating can be 
removed by a concentrated HF treatment during 48H 
yielding SiC nanowires. These results open the way to a 
large range of possible surface modifications of SiC-based 
fibrous nanostructures and applications are expected in the 
field of catalytic supports and composite materials. Further 
works are now devoted to the control of the thickness of 
the different coating and of the diameter of the resulting 
SiC nanowires. 
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