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 The dielectric properties of silicon carbide SiC have been measured 
using cavity perturbation technique. Three tubes with diameter 2 mm, 3 mm, 
and 5 mm were filled with the powerful  material of SiC. The measurements 
were taken for each tube at different frequencies 0.615 GHz, 1.412 GHz, 2.214 
GHz, 3.017 GHz and 3.820 GHz in a temperature range from 25oC to 1800oC. 
The electrical conductivity and the activation energy of SiC at the above 
frequencies and temperatures were calculated using the measured real and 
imaginary components of the complex permittivity. 
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Introduction: 
 

 Microwave processing of ceramics has been attracting significant 
attention in recent years [1-3]. Microwave heating is a new source of energy; it 
works inside the material and simultaneously heats the bulk of the material. 
Rapidly developing capability is being established in the field of high power 
microwave processing of ceramics. This technique has distinct advantages in 
reducing the time and temperature of processing as well as improving the 
homogeneity of heating [4]. Sintering and joining ceramics are the most 
important processes of microwave heating where these two processes need 
volumetric heating which can not be achieved when using conventional heating 
[5-7]. Various microwave oxide and nonoxide ceramics have been developed in 
line with the recent rapid growth of microwave processing that these materials 
have physical and chemical properties make them appropriate for use in 
advanced engine design and other applications [8-10]. Silicon carbide is a good 
example of microwave processing materials. It is a nonoxide ceramic, which 
needs "ultra" high temperature and volumetric heating to process it [11]. Joining 
the reaction bonded SiC to itself and sintered SiC have been found to be 
feasible using microwave energy [12]. Unfortunately the growing of microwave 
processing of ceramics faced with two problems, thermal runaway and the 
nonuniform heating, which are caused by a number of factors related to both 
electromagnetic energy and thermal physical process [13]. Understanding the 
microwave-materials interaction leads to overcome these problems that the 
materials interact with cold microwave rays and converts the microwave energy 
to heat, which means that the rate of the heat inside the material depends on the 
rate of the microwave absorption. It was shown that the rate of microwave 
absorption depends on the magnitude of the dielectric properties [14]. 
Theoretical and experimental works have shown that the increase of dielectric 
properties of material with temperature can lead to uniform and enhanced 
microwave power absorption in ceramics [15,16]. Hence the dielectric 
properties of ceramics at high temperature and at the microwave strong field 
must be known so that microwave processing ceramics can be controlled. In 
recent years, the measurement of complex dielectric properties has been 
becoming more important. Different methods with different techniques have 
been used for successful measurements of the dielectric properties of materials 
[17-19]. Cavity perturbation technique provides a bridge between theoretical 
calculation and experimental observation and it does not have a special 
requirement for the geometry and size of the measured sample [20]. 

 

In this paper the dielectric properties of SiC are measured using the 
cavity perturbation technique. This technique has been developed to measure 
the dielectric properties of ceramics at high temperature up to 2000 °C in the 
five modes of the cavity; TM101, TM102, TM103, TM104, and TM105, of frequency 
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values, 0.615 GHz, 1.412 GHz, 2.214 GHz, 3.017 GHz and 3.820 GHz 
respectively [21]. 
 
Experimental Procedure: 
 

The measurements system, the cavity perturbation technique, is shown 
in Fig. (1). It  was  developed by  [21]  to measure the dielectric properties of 
materials with conventional furnace in the temperature range of 25°C - 2000 °C 
and a resonator cavity resonates at five modes of frequency values, 0.615 GHz, 
1.412 GHz, 2.214 GHz, 3.017, GHz and 3.820 GHz respectively. It is 
computer-automated  system  in  measuring  the resonant frequencies of the 
cavity with and without the sample, f and fo,  respectively,  the  quality factors 
of the cavity with and without the sample, Q and Qo,  respectively.  The change 
in these quantities, f, fo, Q, and Qo, are related to the dielectric properties of the 
sample by the simple perturbation formula derived by Nakamura and Furuichi 
[22]. 
 

 
Fig. (1) : Experimental setup [21]. 
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where χon is the root of the zero order Bessel function of the first kind and a and 
b are the sample and the cavity volumes respectively. ∆ f and  ∆(1/Q) are the 
change in resonant frequency and reciprocal Q respectively on insertion of the 
sample into the cavity. 
 

High purity (>99.0%) SiC powder was used in this study. The 
measurements were taken for different quantities of the sample where three 
tubes of diameters, 2mm, 3mm, and 5mm were filled by SiC. 
 

Results and Discussion: 

The change of permittivity real, ε', and imaginary, ε", parts of the three 
samples of SiC versus the changing of temperature and frequencies are shown 
in Figures 2-4. 

 

 
Fig. (2): Temperature dependence of permittivity (real & imaginary) 

of SiC φ 2 mm diameter). 
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Fig. (3): Temperature dependence of the permittivity (real and imaginary) of SiC 
(3 mm diameter). 

 

Fig. (4): Temperature dependence of the permittivity (real and imaginary) of SiC 
(5 mm diameter). 

 
Silicon carbide ceramics have a high dielectric loss at room temperature 

and the cavity perturbation theory works with low dielectric loss. Tube contains 
a light amount of SiC powder becomes low dielectric SiC. Figures 2-4 show 
that the system measurement caught the five modes for the sample of small 
quantity, 2mm in diameter, while for the others, 3 mm and 5 mm in diameter, it 
caught only four and two modes respectively. The samples of SiC of 2mm, 
3mm, and 5mm in diameters were heated from 25°C up to 1400°C, 1600°C, and 
1800°C respectively. Figures 2-4 show that the increasing of the samples' real 
parts with the increasing of temperature is regularly and significant, while the 
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increasing of its imaginary parts with the increasing of temperature is 
exponential, except the sample in Figure 2. The maximum temperature of this 
sample is 1400°C while the maximum temperatures of the other samples, shown 
in Figure 3-4, are 1600°C and 1800°C respectively. This means that the 
microwave absorption of this material, SiC, is significant when the temperature  
is below 1400°C as shown in Figure 2, and increases exponentially when the 
temperature is above 1400°C, thermal runaway. They occurred as shown in 
Figure 3 and 4. The frequency dependence, of the imaginary parts of the sample 
of 2mm in diameter, is obviously shown in Figure 2, where the temperature did 
not reach to the thermal runaway. They are increasing with the increasing of 
frequency. 

 
It was shown that the relationship between the electrical conductivity, 

σ, and the imaginary part, ε", is [23]  
 

σa.c = 2πf εοε"         (3) 
 

where f and εo are the resonant frequency of the sample and the permittivity of 
free space respectively. By using the data of ε" in Figures 2 - 4, the 
conductivity, can be derived from equation (3). The variation of the 
conductivity with temperature in the presence of a strong microwave field is 
shown in Figs. (5 & 6). 
 

 
Fig. (5): Temperature dependence of a.c. Conductivity (SiC-2 mm diameter at 

different frequencies). 
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Fig. (6): Temperature dependence of a.c. Conductivity (SiC-3 mm diameter at 

different frequencies). 
 

 
Figures (5 and 6) Illustrates the temperature dependence of. SiC 

conductivity at different frequencies. It can be seen that the conductivity of SiC 
increases with increasing temperature and decreasing with the increasing 
frequency. 

 
The activation energy, U, is the energy required for a dipole transitions 

between two equiprobable positions to describe the microscopic processes 
occurring during reorientation polarization. This concept was introduced by the 
modem methods [24]. The activation energy, EA, can be derived by plotting the 
natural logarithm of the electrical conductivity, σ, versus the inverse 
temperature (1/T) and using the following equation [23] 

 
 

EA= -k (SLOPE)                     (4) 
 
k is the Boltzman's constant and the SLOPE is the slope of σ versus (1/T). 
 

Only two values of the activation energy were obtained at high and low, 
temperature ranges by Bruce [23]. In this recent analysis, the activation energy 
has been obtained at each step of temperature by taking the slope of each point 
on Fig. 7 and 8. The natural logarithm of the electrical conductivity, σ, versus 
the inverse temperature (1/T) for the samples of SiC is shown in Figs. (7 & 8). 
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Fig. (7): Temperature dependence of ln σ(ω) of SiC 2mm diameter.. 
 

 
 
Fig. (8): Temperature dependence of ln σ(ω) of SiC 3mm diameter (b) 5mm diameter. 
 

 
It can be seen that the activation energy of the SiC is highly dependent 

on temperature specially above 500oC. However, the frequency has no 
significant effect on the activations energy. Which is in consistency withe 
previous results [21] 
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Fig. (9): Illustrates the activation energy at different temperature . 
 

 

 
 

Fig. (10): The activation energy, EA of SiC Sample versus temperature of (a) 3 mm 
diameter (b) 5 mm diameter. 
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Conclusion: 
 

The experimental analyses reported herein have shown that measuring 
the dielectric properties of SiC provided a wide range of data about the 
microwave interactions with ceramic materials, SiC, at high temperature in the 
microwave region. The complex permittivity imaginary part, ε", is the most 
important parameter of these measurements that it can determine a complete 
data of the electrical characteristics of any ceramic material. The electrical 
conductivity, σ, and the activation energy, EA, were calculated using complex 
permittivity imaginary part, ε". The changing of the complex permittivity 
imaginary part, ε", the electrical conductivity, σ, and the activation energy, EA, 
with the changing of temperature shows the thermal runaway phenomena of SiC 
presented at the same temperature degree of 1200°C for the above three 
parameters. This leads to that controlling the microwave processing of ceramics 
with temperature and changing both temperature and frequency will be easier 
with the microwave measurements of the dielectric properties of ceramic 
materials at high temperature. 
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