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Abstract: Composite felts reinforced by both SiC nano-fibers (SiC-NFs) and carbon fibers were prepared at 1 273 K using Ni 
granules as catalyzers with different deposition time. SiC-NFs were deposited on the surface of the carbon fibers in situ by catalytic 
chemical vapor deposition(CCVD). The phase, microstructure and morphology of the fibers after electroplating and deposition were 
characterized by XRD, SEM and TEM. The results show that the SiC-NFs produced by CCVD are composed of single crystal of 
β-SiC. It is found that smaller nano-granules are more active as catalyzers. The resulting SiC-NFs appear more spindle-like and have 
a more homogeneous dispersion. The mass change of the samples before and after deposition shows that using more Ni granules 
results in a faster growth velocity of SiC-NFs. With the same electroplating time, the growth velocity of the SiC-NFs first increases 
and then decreases. At around 4 h, it reaches the maximum growth velocity, and it becomes nearly constant at around 8 h. After 8 h, 
the stable growth velocity of the electroplated Ni samples is faster than that of the conventional sample produced without catalyzers, 
because the SiC-NFs can improve the specific surface area and the activity of the surface. 
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1 Introduction 
 

The transition elements are promising candidates 
for use as catalyzers for preparing carbon nanotubes 
(CNTs)[1−4] and carbon nano-fibers(CNFs)[5−7]. Many 
CNTs and CNFs are prepared under different conditions 
[8−11]. The method of preparing CNTs and CNFs is also 
used for preparing SiC nano-fibers (SiC-NFs)[12]. 
SiC-NFs or SiC nanoparticles have many special 
properties, such as high strength, high modulus, high 
corrosion and oxidation resistance. So, SiC-NFs 
deposited in situ on the surface of carbon fibers were 
perfectly developed in carbon fiber (CF) reinforced 
carbon composites (C/C composites) and carbon fiber 
reinforced silicon-carbon composites (C/SiC composites) 
[13]. These reinforcements may have a significant 
influence on the properties of the composites. The 
configuration and distribution of the catalyzer play a key 
role in the process of vapor growth. In this research, we 
electroplated Ni granules on the surface of the carbon 

fibers to obtain a random distribution of the Ni catalyzer. 
Then, SiC-NFs were grown in situ on the surface of the 
carbon fibers by catalytic chemical vapor deposition 
(CCVD). It is possible to achieve a large-scale synthesis 
of these composite felts reinforced by both SiC-NFs and 
CFs. The resulting composite felt material is the subject 
of intensive research, and appears to be one of the most 
promising candidates for the future preparation of a 
reinforced framework for C/C and C/SiC composites. 
The effects of electroplating time and deposition time on 
the morphology and growth velocity of the SiC-NFs 
were discussed in this work. 
 
2 Experimental 
 
2.1 Preparation of carbon felts for electroplating 

Needled integer felt (0.4 g/cm3) was produced by 
the Tianniao Company, Yixing, China. Carbon fibers 
were produced by Toyor Co., Japan (T700, 12K). The 
felt was cut into spindle samples of 6 mm×6 mm×   

50 mm in the same direction, soaked in acetone for 24 h, 
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washed in deionized water repeatedly, and then dried. 
 
2.2 Electroplating Ni on carbon felts to form catalyst 

nano granules 
Samples were placed into an electroplating solution 

(Ni2SO4, 10%), and electroplated for 2.5, 5, 7 and 10 min, 
respectively. The electron current was 100 mA. Then, the 
samples were soaked in deionized water, washed, dried 
and weighed. Ni2SO4 was produced by Qinxiang 
Chemical Co. Ltd in Shanghai, China. The electroplating 
equipment produced by Antaixin Electronic Co. Ltd in 
Shenzhen, China, comprises a direct current power 
supply (type: RMR155). The microstructure and surface 
morphology of the carbon fibers after being electroplated 
with Ni were observed by scanning electron microscope 
(SEM, TSM−6360LA, Japan). 
 
2.3 Growth of SiC-NFs by CCVD 

These samples were first electroplated with Ni for 
different time, and then SiC was deposited on the 
electroplated samples in a CVD furnace at 1 273 K for 2, 
4, 6, 8 and 10 h, respectively. The resulting samples were 
cooled and then removed from the furnace and weighed. 
Methyltrichorosilane (MTS, 95%) was used as the source 
of carborundum, argon (99.99%) was used as the carrier 
gas, and hydrogen (99.99%) was employed in the CCVD 
process in a dilute form. The pressure inside the furnace 
was 200−400 Pa. After growth of the SiC-NFs, scanning 
electron microscope (SEM, JEOL TSM−6360LA) was 
used to characterize the morphology of the carbon fiber 
integer felt. Transmission electron microscope (TEM, 
JEOL 2010F) was used to characterize the diameter, 
morphology and type of crystal formed. Composite felts 
first plated with Ni for 10 min and then coated with SiC 
by CCVD were used as samples for powder XRD to 
ascertain the phase of the composite felts. The phase 
analysis of the CF/SiC-NF was carried out using X-ray 
diffractometer (PANAlytical Company, Holland). 
 
3 Results and discussion 
 

Fig.1 shows the SEM morphologies of the carbon 
fibers after electroplating with Ni and coating with 
SiC-NFs by CCVD. As shown in Fig.1(a), the 
electroplated Ni features are finer than those in Fig.1(b). 
The nano-fiber shown in Fig.1(c) is more spindle-like 
than that in Fig.1(d) and also disperses much more 
homogeneously. The nano-fiber in Fig.1(e) is denser than 
that in Fig.1(c) and more spindle-like than that shown in 
Fig.1(f). 

Fig.2 shows the TEM morphologies of the SiC-NFs 

and selected diffraction on the sample surface. As shown 
in Fig.3(a), the SiC-NFs are straight and Ni catalyst 
nanogranules are found (shown by the arrow in Fig.2(c)). 

Fig.3 shows the XRD patterns of carbon felts after 
coating with SiC by CCVD for 2 h with plating Ni for 10 
min. The diffraction peaks of C, β-SiC and Ni are 
observed. The mass fraction of β-SiC is found to reach 
10% as determined by phase analysis of XRD. 
 
3.1 Preparation of SiC-NF/carbon fiber composite 

felts 
As shown in Fig.1(a), the Ni-nanogranules 

produced have diameters of several nanometers. But the 
Ni granules in Fig.1(b) are larger than those in Fig.1(a) 
and have diameters in the range of hundreds of 
nanometers; and the whole surface of the CFs is almost 
covered with Ni granules. In this respect, by keeping the 
current at 100 mA, the size, morphology and the amount 
of plating Ni on the surface of the CFs would be 
controlled by adjusting the plating time. As shown in 
Figs.1(c) and (d), after plating the surface of the CFs 
with Ni, the nanofibers are deposited in situ on the 
surface of the CFs. When plating with Ni for 5 min, the 
resulting Ni nanogranules are small and thin. As such, 
the corresponding nanofibers produced by CCVD are 
more spindle-like. When plating with Ni for 10 min, the 
resulting nanofibers are observed to increase in diameter. 
These results prove that the size of the catalyzer is 
directly related to the morphology and quantity of the 
nanofibers produced. As shown in Figs.1(e) and (f), the 
longer the CCVD time is, the more the nanofibers are 
deposited on the CF surface. The carbon fibers in 
Figs.1(c) and (d) are barely bridged by CCVD fibers, so 
the carbon fiber matrix is easily distinguished after 
CCVD. However, in Figs.1(e) and (f), the carbon fibers 
are notably bridged by CCVD fibers, making it difficult 
to distinguish the carbon fiber substrate. These bridged 
carbon fibers make each of them not a single fiber as 
reinforcement phase in composite materials; and they 
will play a key role in producing highly strong 
nanofibers by CCVD. In addition, the traditional carbon 
felts, whether planar, two-dimensional or three- 
dimensional, invariably cause anisotropy after 
compositing. As described above, the effect of bridging 
and growing of random nanofiber composite felts will 
improve this anisotropy. Moreover, it is also expected to 
improve the properties of the fiber-reinforced composites 
such as strength, modulus, corrosion and oxidation 
resistance, electric and heat conduction. 
 
3.2 Phase constitution of SiC-NF/CF composites 

As shown in Fig.3, the observed phases of the 
composite felts after CCVD include C, β-SiC and Ni. 
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Fig.1 SEM images of carbon fibers after electroplating with Ni and coating with SiC-NFs by CCVD: (a) Electroplating with Ni for 5 
min; (b) Electroplating with Ni for 10 min; (c) Electroplating for 5 min and CCVD for 2 h; (d) Electroplating for 10 min and CCVD 
for 2 h; (e) Electroplating for 5 min and CCVD for 6 h; (f) Electroplating for 10 min and CCVD for 6 h 
 

 

Fig.2 TEM images of SiC-NFs grown from Ni catalyst (plating for 5 min and CCVD for 4 h): (a) Morphology of SiC-NFs; (b) 
Selected diffraction pattern on surface of SiC-NFs; (c) Individual SiC-NF with Ni particle 
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Fig.3 XRD pattern of carbon felts produced after electroplating 
with Ni for 10 min and then coating with SiC 
 
The C diffraction peak is broad, which indicates that the 
carbon felts contain polycrystalline graphite. The β-SiC 
diffraction peak is sharp corresponding to the JCPDS 
CARD No.29-1129[14]. From above, the β-SiC 
nanofibers are grown on the CF surface in situ in the 
carbon felts after plating with Ni and then coating with 
SiC by CCVD. Fig.2(b) shows that the as-produced 
SiC-NFs are composed of single crystal. The β-SiC 
fibers behave as reinforcements for the composite 
material, resulting in properties of high specific strength, 
high specific modulus, high-temperature stability and 
high corrosion and resistance durability. Moreover, the 
β-SiC nanofibers can improve the compatibility between 
the carbon fibers and the matrix material (pitch, resin or 
metal)[15]. Thereby, the β-SiC nanofibers improve the 
properties of the resulting composite material prepared 
with C/C or C/SiC composites. 
 
3.3 Effect of plating and CCVD time on growth 

velocity and morphology of SiC-NFs 
The mass gain of the as-received samples and the 

different-time electroplated samples are converted into 
mass increase percent. Fig.4 is obtained by considering 
the relationship between CCVD time and mass increase 
percent. As shown in Fig.5, the mass increase rate is 
calculated on the basis of data obtained at different 
CCVD time. In Fig.5, compared with the 
non-electroplated samples, electroplating with Ni can 
improve the deposition velocity of SiC by CCVD at   
the same plating time. The longer the electroplating time 
is, the more the SiC-NFs are produced by CCVD. But if 
the electroplating time surpasses 5 min, the 
corresponding mass increase is negligible. Moreover, by 
keeping the same electroplating time, and prolonging the 
CCVD time, more SiC-NFs are observed on the CF 
surface and the mass increases accordingly. But over  

 

 
Fig.4 Relationship between CCVD time and mass increase 
percent of different samples: 1 As-received; 2 Electroplated 
with Ni for 2.5 min; 3 Electroplated with Ni for 5 min;        
4 Electroplated with Ni for 7.5 min; 5 Electroplated Ni with for 
10 min 
 

 
Fig.5 Relationship between CCVD time and mass increase rate 
of different samples: 1 As-received; 2 Electroplated with Ni for 
2.5 min; 3 Electroplated with Ni for 5 min; 4 Electroplated with 
Ni for 7.5 min; 5 Electroplated with Ni for 10 min 
 
different periods of time, the increased velocity is 
observed to change. As shown in Fig.5, after the initial 
period of seeding nanocrystals, the nanofibers grow 
rapidly. Here, the catalytic reaction is active during the 
first 4 h, and the growth velocity reaches the maximum 
at 4 h. Then, the activity lessens and the growth velocity 
becomes slow and nearly constant at around 8 h. Besides, 
the growth velocity of the electroplated samples is still 
higher than that of conventional non-electroplated 
samples. After 8 h, the catalytic activity of Ni is low, and 
the nanofiber growth is slow. However, the CF surface is 
coated with several nanofibers during the first period of 
the reaction, and this improves the specific surface area 
and the activity of the surface. SiC coated by CVD 
occurs on the surface of carbon fibers and SiC-NFs at the 
same time, so the velocity is faster than the conventional 



XU Xian-feng, et al/Trans. Nonferrous Met. Soc. China 19(2009) 1146−1150 

 

1150 

sample without a catalyzer. For those samples with 
different electroplating time, after CVD for 8 h, the more 
the catalyzer there is on the surface and the more the 
SiC-NFs there are, the faster the growth velocity 
becomes stable once the catalyzer loses activity. 
Therefore, for carbon felts electroplated with Ni and 
coated with SiC by CCVD, the growth velocity in 
chemical vapor infiltration(CVI) C/C and C/SiC 
composite materials is found to increase. 
 
4 Conclusions 
 

1) After electroplating a Ni catalyzer on the CF 
surface, the SiC-NF/CF composite felts are prepared in 
situ by the methods of CCVD. XRD and TEM results 
show that the CCVD SiC-NFs are composed of single 
crystal of β-SiC. 

2) The size, morphology and distribution of Ni 
granules have a great effect on the CCVD of SiC-NFs. 
Smaller and well-distributed Ni granules result in more 
spindle-like SiC-NFs with an even distribution. Longer 
electroplating time results in more Ni nanogranules 
grown on the surface of the CFs, and a faster growth of 
CCVD SiC-NFs. 

3) The growth velocity of the SiC-NFs is found to 
reach the maximum at around 4 h, and becomes nearly 
constant at around 8 h due to the Ni catalyzer 
experiencing a loss of activity. After 8 h, the stable 
growth velocity of the electroplated Ni samples is faster 
than that of conventional samples without a catalyzer due 
to an improvement in the surface activity resulting from 
CCVD SiC-NF. 
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