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ABSTRACT 

  
 In this work, 0-0-3 composites materials of silicon carbide nanowire (SiC NWs)/ 
carbon nanotube (CNTs)/ rubber were fabricated. The SiC NWs and CNTs reinforcement 
were prepared using the current heating technique (CHT) and infusion chemical vapor 
deposition (infusion CVD), respectively. The 0-10% by volume of CNTs + SiC NWs were 
mixed into rubber matrix phase to obtain 0-0-3 composites. Mechanical and physical 
properties of composite samples such as density, tensile strength and hardness were 
examined and compared with that of single phase of rubber. The results shown that tensile 
strength, hardness and density of composites were increased with adding reinforcement 
phase. Moreover, microstructure of sample was investigated by using scanning electron 
microscopy (SEM). 
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INTRODUCTION 
 

In the recent years, polymer based composites reinforced with a small 
percentage of strong fillers can significantly improve the mechanical, thermal and 
barrier properties of the pure polymer matrix (Chisholm et al., 2005).  Therefore, 
fiber reinforced composites (FRCs) are increasingly used as structural materials, due 
primarily to their excellent stiffness and weight characteristics.  Additionally, the 
effectiveness can be increased in many applications including packaging, coating, 
sport, electronics, aerospace industries, aircraft and military, automotive, and marine 
engineering (Chisholm et al., 2005), (Walker and Smith, 2002), (Mel, 1994) and 
(Mallick, 1993).  

Many types of fiber employed nowadays are glass-fiber, carbon-fiber and 
aramid-fiber or Kevlar.  The traditional carbon fiber and glass fiber reinforced 
composites, both fiber and porous structures are at microscale and only a very small 
portion of the resin molecules are able to directly interact with reinforcement (Wang 
et al., 2004). Therefore, these fibers are still limited in some applications, especially, 
the aircraft engine and aerospace industries which need high temperature materials, 
high mechanical properties (Luthra and Park, 1992).  So that, there are many works    
focus on the reinforcing polymer-based materials have incorporated various 
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particle/whisker-type fillers especially, the functionally graded materials (FGMs)    
to fabricate the high performance materials for space-planes (Chand, 2000) and 
(Krumova et al., 2001). 

The new type filler phase, silicon carbide nanowires (SiC NWs) have been 
attracting considerable attention due to their excellent properties such as high 
thermal stability, high thermal conductivity, good mechanical properties and 
chemical inertness (Fu et al., 2006) and (Ying et al., 2004). Besides, it has been 
suggested as good reinforcement materials and suitable to be used as the reinforcing 
material for composites due to their much higher strength over their bulk 
counterparts and strong interfacial bonding (Yang et al., 2004).  

Carbon nanotubes (CNTs), one graphene layer (SWNT) or many graphene 
layers wrapped onto themselves (MWNTs) are a novel crystalline carbon form 
which is another one of the novel materials which have been utilized as fillers in 
polymer matrix composites (Allaoui et al., 2002) because of their unique structure 
and remarkable mechanical properties such as high elastic properties, large elastic 
strain and fracture strain sustaining capability, exceeding those of any previously 
existing reinforcement materials of composites (Xie et al., 2005) and (Zou et al., 
2004).  Moreover, the CNTs also shows great flexibility compared to conventional 
fiber.  Due to their exceptional mechanical, physical, thermal, optical and electrical 
properties, CNTs are being dispersed in polymer using variety of approaches. 

In this work, composites samples between SiC NWs, CNTs and rubber were 
fabricated using casting techniques.  The reinforced fiber, SiC NWs and CNTs were 
synthesized by current heating technique (CHT) and infusion chemical vapor 
deposition (infusion CVD).  Physical and mechanical properties such as hardness, 
tensile strength and density of the composites samples were investigated. Moreover, 
microstructure of samples was determined using SEM technique. 

 
METHODOLOGY 
 

The SiC NWs were synthesized via current heat technique (CHT) 
(Jintakosol and Singjai, 2007) and (Nhuapeng et al., 2008).    SiC NWs were taken 
out from surface were ground by using agate mortar for 10 min to get rid of hard 
agglomeration.  The CNTs were synthesized by the infusion chemical vapor 
deposition (infusion CVD) (Singjai et al., 2007). CNTs were milled for 3 h to get rid 
of the agglomeration.  A matrix phase of the composites was natural rubber.  The 
density of the matrix is 0.928 g/cm3.  The SiC NWs and CNTs were used as the 
reinforcement phase (Figure 1).  The SiC NWs and CNTs were added into rubber 
with the different ratios varying from 1 to 10 percents by volume. 

To fabricate the composites, firstly, the mixture of SiC NWs and CNTs was 
ground for 10 min.  Second, the mixture of reinforcements was added into the water 
and mixed in ultrasonic bath for 5 min.  Thereafter, mixture of rubber filled with SiC 
NWs and CNTs was then poured into the plastic mould with thickness of 1 mm.  
Finally, the composite samples were left to settle for 3 day at room temperature and 
then removed from the mould. 
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Density of the samples was measured by Archimedes method.  The 

mechanical properties, tensile strength were investigated by using the universal 
testing machine with a cross-head rate at 50 mm/min. The composites samples were 
cut into the dog-bone shapes (Figure 2).  The hardness was examined by Shore 
durometer hardness testing technique (SHORE A).  Furthermore, the microstructure 
of the samples was determined by scanning electron microscopy (SEM). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

RESULTS AND DISCUSSION 
 

The results of the physical and mechanical properties testing of of SiC NWs/ 
CNTs/rubber composites sample were shown in Table 1.  The density of composite 
samples is in the range of 0.938-1.006 g/cm3.  It was also found that the density of 
the composites is close to that of the rubber (0.928 g/cm3).  It may be due to adding 
small quantity. 

The tensile strength and hardness of the composite samples are in the ranges 
of 6.31-17.63 MPa and 42.9-50.6 (type A), respectively.  It can be noted that tensile 
strength of composite samples is decreased, where as the hardness of elastic rubber 
composite samples is increased with increasing the volume percentage of SiC NWs 
and CNTs.  This result shows the effect of ceramics filler characteristics.  However, 

Figure 1 SEM micrographs of (a) SiC NWs and (b) CNTs  

(b) (a) 

20 mm 

5 mm 

50 mm 

Figure 2 The standard sample for tensile testing. 
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the SiC NWs and CNTs filler can promote the hardness property of rubber 
composites.  

Moreover, SEM micrographs of the samples are shown in Figure 3.  It has 
been seen that the dark phase is rubber phase and the bright phase is belong to SiC 
NWs and CNTs phase.  Besides, it is also interesting to note that SiC NWs and 
CNTs are entirely wrapped by rubber. This result indicated that very well 
distribution and adhesion between SiC NWs and CNTs reinforcement phase and 
rubber matrix phase obtained from composites samples. 
 
Table 1  The physical and mechanical properties of SiC NWs/CNTs/rubber    
   Composites 
 

SiC NWs + CNTs 
(Vol%) 

Density 
(g/cm3) 

Tensile strength 
(MPa) 

Hardness 
(Type A) 

0.0 0.928 13.32 42.9 
1.0 0.956 11.88 44.8 
2.0  0.938 16.36 46.8 
3.0 0.972 17.46 47.7 
4.0 0.954 17.63 47.8 
5.0 0.962 16.13 48.2 
6.0 0.988 11.99 49.1 
7.0 0.995 11.88 49.4 
8.0 0.987 13.38 49.5 
9.0 0.986 14.48 49.7 

10.0 1.006 6.31 50.6 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 SEM micrographs of (a) 0.0, (b) 2.0, (c) 6.0 and (d) 10.0 Vol% 

(c) (d) 

(a) (b) 
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CONCLUSION 
 
 SiC NWs/CNTs/rubber composites were fabricated using the ultrasonic 
mixing and casting technique.  The SiC NWs and CNTs were used as the 
reinforcement to promote the mechanical properties (hardness) of the composites.  
The results revealed that the well distribution and adhesion between SiC NWs and 
CNTs reinforcement phase and rubber matrix phase were obtained. 
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