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Abstract: Nano-SiC powders doped by B were synthesized through the carbothermal reduction of xerogels containing the tributyl 
borate. The results show that the 3C-SiC with minor phase of 6H-SiC is generated at 1 700 ℃, and that there are not the 
characteristic peaks of any boride in the XRD patterns, which indicates that the boron is available only on the crystallization of 
3C-SiC. The Raman spectra of the samples also show the characteristic bands of 3C- and 6H-SiC at 788 and 965 cm−1. But the bands 
at 1 345 and 1 590 cm−1 are characteristic peaks of amorphous carbon materials. The intensities of peaks at 788 and 965 cm−1 
increase with B content in Raman spectra, which also shift to higher wavenumber with the increasing B. The microstructure of SiC 
powder is composed of agglomerated particles with diameters ranging from 30 to 100 nm. The results of dielectric property show 
that the sample with 0.005 B has the largest values in ε′ and ε″ among the four samples due to the existence of the intrinsic defects. 
But the absence of the relaxation polarization leads to low values of all the samples. 
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1 Introduction 
 

Silicon carbide is often considered the most 
important carbide, whose application ranges from 
structural materials to electric devices at elevated 
temperature[1−4]. The powder of SiC has been 
developed extensively in recent years, and a great deal of 
effort has been reported on its synthesis which contains 
sol-gel and carbothermal reduction, chemical vapor 
deposition(CVD), laser- or plasma-driven chemical 
vapor deposition, microwave methods and so on[5−8]. 
However, little information is available on its dopant for 
SiC powder and dielectric properties, especially at high 
frequencies for isolators and electromagnetic wave 
absorbing materials. It is well-known that doping is an 
essential method for semiconductor material fabrication 
to improve the electrical properties. In SiC, both nitrogen 
and phosphorus can serve as the n-type impurities, while 
boron and aluminum are the common impurities for 
p-type doping[9,10]. ZHAO et al[11] have compared the 
dielectric properties of nano SiC/N composite powder 
with nano SiC powder, and shown the good microwave 

absorbing properties of SiC/N composite powder due to 
the doping of nitrogen. ZHANG et al[12] have also 
obtained nano-sized solid solution powders of SiC with 
Al and N by carbothermal reduction process of the 
xerogels of SiO2-Al2O3. 

But till now, little work has been done in the 
synthesis and dielectric properties of nano SiC powder 
doped by B. In this study, nano-SiC powders doped by B 
were synthesized through the carbothermal reduction of 
xerogels containing the boride, and the phase component, 
variation and microstructure of which were investigated. 
Finally, the dielectric properties of the powder 
as-prepared in the frequency range of 8.2−12.4 GHz 
were discussed. 
 
2 Experimental 
 

The mixture sol was prepared using 
tetraethoxysilane(TEOS, (C2H5)4SiO4), saccharose 
(C12H22O11), tributyl borate (C12H27BO3), ethanol and 
distilled water as starting materials. The TEOS and 
ethanol, saccharose and water were mixed, respectively, 
and then mixed together with tributyl borate. During the  
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process of stirring for homogeneity, the pH value of 
solution was kept at 3−4 with the catalyst of HCl. The 
sol prepared was placed into drying oven to gel at 60 ℃. 
Carbothermal reduction of the xerogel was carried out in 
the vacuum sintering furnace (ZRS-150, Jinzhou China) 
using the graphite crucible. Namely, dried and ground 
gels, in which the molar ratio of B to Si is 0.005, 0.01, 
0.05 and 0.1, respectively, were fired at 1 700 ℃ with the 
heating rate of 10 /℃ min in a static argon atmosphere for 
1 h. 

The crystalline phases of powders as-prepared were 
identified by X-ray diffraction(XRD, X’Pert PRO MPD, 
Cu Kα). Raman spectroscopic measurements were 
performed with a Renishow Invia spectrometer for the 
change of the crystalline phases, using the 514.5 nm line 
of an Ar ion laser as the excitation source. The 
morphology of the powder was investigated by scanning 
electron microscope(SEM, JEOL JSM-6360LV). The 
samples for dielectric parameter measurement at room 
temperature were prepared by blending the produced 
powders with paraffin in a mass ratio of 14׃, and then 
being molded into a 10.16 mm×22.83 mm×3 mm brass 
flange ring. The dielectric parameters were carried out by 
a vector network analyzer (Angilent Technologies 
E8362B) in the frequency range of 8.2−12.4 GHz. 
 
3 Results and discussion 
 
3.1 Phase structure of as-prepared powder 

The XRD patterns of the B-doped powders 
synthesized at 1 700 ℃ are shown in Fig.1. It can be 
seen that all the powders are identified by the major 
phase of cubic 3C-SiC (β-SiC) and the minor phase of 
hexagonal 6H-SiC (α-SiC), and that there are not any 
characteristic peaks of the boride. But the peak intensity 
of 3C-SiC such as the (200) of about 41˚ becomes 
greater with the increasing B content, which indicates 
that the boron in xerogel is helpful to the crystallization  
 

 
Fig.1 XRD patterns of powders synthesized with different 
amounts of B: (a) 0.005; (b) 0.01; (c) 0.05; (d) 0.1 

of 3C-SiC. Additionally, it is evident from the peak of 
6H-SiC that the crystallization of 6H-SiC is restrained as 
the B content increases. 

The Raman spectra of the samples as-prepared in 
the 200−2 500 cm−1 region are shown in Fig.2. All of 
them consist of four peaks. The 3C- and 6H-SiC 
polytypes are characterized by a transverse optical 
phonon mode(TO) band at about 788 cm−1 and a 
longitudinal optical phonon mode(LO) band at 965 cm−1 
[13−15]. But the bands at 1 345 cm−1 and 1 590 cm−1 are 
characteristic peaks of amorphous carbon materials[16], 
which are not identified in Fig.1. This indicates that the 
amorphous carbon materials are also generated in the 
process of carbothermal reduction. Additionally, it can be 
seen that the intensities of peaks at 788 cm−1 and 965 
cm−1 increase with the B content, and that these two 
peaks shift to higher wavenumber with the increasing B. 
The band shifts, band broadening and relative intensities 
of the Raman spectra are closely related to crystal 
structures of the samples, and especially the LO band 
will shift to higher wavenumber as the carrier 
concentration increases[17]. The more the B content, the 
better the crystallization of SiC in Fig.1, which results in 
an increase of peak intensity and a peak shift to higher 
wavenumber. However, it is possible that the band shift 
at 788 and 965 cm−1 is due to the increase of the hole 
defect concentration. Namely, B atom can substitute the 
C atom on the SiC lattice to generate the solid solution of 
SiC/B in the carbothermal reduction process, but it is 
much difficult to happen[18]. 
 

 
Fig.2 Raman spectra of B-doped SiC powders with different 
amounts of B: (a) 0.005; (b) 0.01; (c) 0.05; (d) 0.1 
 
3.2 Characterization by SEM 

SEM images of the four powders are shown in Fig.3. 
It can be seen that the powders are composed mostly of 
agglomerated particles with diameters ranging from 30 to 
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Fig.3 SEM morphologies of B-doped SiC powders with different amounts of B: (a) 0.005; (b) 0.01; (c) 0.05; (d) 0.1 
 
100 nm. Because of the aid of B on the crystallization, 
the particles of 0.01 B are more uniform in size than 
those of 0.005 B. But from the result in Fig.3(d), it can 
be seen that there exist few particles greater than 100 nm, 
which are undesired, when the content of B is up to 0.1. 
 
3.3 Dielectric properties 

Fig.4 shows the real component of permittivity ε′ of 
the four samples in the microwave frequency range from 
8.2 GHz to 12.4 GHz at room temperature. Though all 
the samples have lower values of ε′, the sample with 
0.005B has the greatest value than the other three 
samples. This is because that the crystallization of SiC is 
not perfect under trace or no amount of B and that there 
is few intrinsic defects in SiC crystal such as VSi and VC 
which will be polarized at higher frequency to lead to the 
better value of ε′. However, when the B content is 0.1, 
the value of ε′ is lower, close to the value of paraffin in 
sample, which indicates that the SiC crystallization 
as-prepared is perfect, and proves that there does not 
exist an electric type relaxation polarization arising from 
the hole defect caused by the SiC/B solid solution. 

The imaginary component of permittivity ε″ as a 
function of frequency is illustrated in Fig.5. The SiC is a 
non-magnetic loss material (permeability µ′=1, µ″=0), its 
power dissipation at high frequency is determined only 
by dielectric loss, which is characterized by ε″. Having 

 
Fig.4 Real components of complex permittivity vs frequency of 
samples with different B contents: (a) 0.005; (b) 0.01; (c) 0.05; 
(d) 0.1 
 
the more polarization loss from intrinsic defects, among 
the four samples the sample with 0.005 B reveals the best 
value in ε″, but it is only about 0.45. From the results in 
Fig.5, it is clear that the ε″ decreases heavily with the 
increasing B content, which depends on the amount of 
intrinsic defects. In agreement with the results in Fig.4, 
the lower ε″ for all the samples also indicates that the 
SiC/B solid solution can not be generated in the 
carbothermal reduction process, which would result in 
the relaxation polarization loss. 



LI Zhi-min, et al/Trans. Nonferrous Met. Soc. China 17(2007) 

 

s659
 

 
Fig.5 Imaginary components of complex permittivity vs 
frequency of samples with different B contents: (a) 0.005;    
(b) 0.01; (c) 0.05; (d) 0.1 
 
4 Conclusions 
 

The 3C-SiC with the minor phase of 6H-SiC was 
synthesized at 1 700 ℃ by carbothermal reduction of 
the xerogel containing tributyl borate, and no boride was 
identified in the XRD patterns. The boron is available on 
the crystallization of 3C-SiC and restrained to that of 
6H-SiC. The results of the Raman spectra show that the 
3C- and 6H-SiC polytypes of the samples are 
characterized by the bands at 788 cm−1 and 965 cm−1. 
But the bands at 1 345 and 1 590 cm−1 are characteristic 
peaks of amorphous carbon materials. Additionally, 
because of the difference of crystallization, the intensities 
of sample peaks at 788 cm−1 and 965 cm−1 increase with 
B content, and these two peaks shift to higher 
wavenumber with the increasing B content. The 
microstructure of β-SiC powder is composed of 
agglomerated particles with diameters ranging from 30 to 
100 nm, which indicates that the boron does favor the 
crystallization of SiC. The real component ε′ and 
imaginary component ε′′ of permittivity of all the 
samples show lower values. Because the sample with 
0.005B has not as good crystallization as the other three 
samples and contains few intrinsic defects possibly in 
crystal, it has the greatest value in ε′ and ε′′ among the 
four samples. Finally, it is proved that the SiC/B solid 
solution can not be generated in the carbothermal 
reduction process. 
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