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 In this study, the samples have been prepared by adding rice shell to the poly vinyl 
alcohol and poly vinyl acetate with different weight percentages (0,5,10,15.20.25.30 

and 35) wt%. The A.C electrical properties show that the dielectric constant and 

dielectric loss of the composites decrease with increasing the frequency of applied 

electrical field and they increase with the increase of the concentration of the rice shell . 

The A.C electrical conductivity increases with increasing the concentration of rice shell, 

increases with the increase frequency, and almost constant at high frequency. 
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INTRODUCTION 

 

 Over the past two decades, plant fibers have been receiving considerable attention in the automotive, 

packaging, and construction industries as substitutes for synthetic fiber reinforcements. Unlike the traditional 

synthetic fibers these lignocellulosic fibers are able to impart certain benefits to the composites such as low 

density, high stiffness, low cost, renewability, biodegradability and high degree of flexibility during processing 

[1]. In recent years, natural fiber composites proved of interest for dielectric applications, showing also some 

potential for future application as dielectric materials in microchips, parts of transformers, and circuit boards 

[2,3]. The study of electrical properties of natural fiber reinforced polymer also indicates their suitability as 

insulating materials for special applications such as suspension insulators, bushing, studs, sleeves, gaskets, 

spacer panels and switch boards [4, 5]. Alongside the emergence of natural fibers there has also been a growing 

interest in electrically conductive polymer composites. A great deal of work has been performed to make 

polymers conductive by incorporating conductive fillers. For a given polymer type the electrical properties is 

determined by the amount and type of conductive additives. The electrical properties increase significantly with 

increasing water content and ions or ionic sites. Such electrically conductive composite materials are widely 

being used in the areas of electrostatic discharge dissipation, electro- magnetic interference  shielding and 

various other electronic applications [3.6.7].   

 The dielectric constant of a material depends upon the polarizability of the molecules. The polarizability of 

non polar molecules arises from electronic polarization (in which the application of applied electric filed causes 

a displacement of the electrons relative to the nucleus) and atomic polarization (in which the application of 

applied electric filed causes a displacement of the atomic nuclei relative to one another). In the case of polar 

molecules a third factor also comes into play which is orientation polarization (in which the application of 

applied electric filed causes an orientation of dipoles) [3]. The dielectric properties of natural fibers - polymer 

composites such as jute, banana, coir, sisal, waste paper, pineapple, flax fibers, oil palm were investigated [5, 8 

]. 

 

Experimental part: 

 The samples have been prepared by casting method .The materials used in this paper are polyvinyl 

alcohol(PVA) and polyvinyl acetate (PVAC) as a matrix and rice shell as filler. The polyvinyl alcohol and 

polyvinyl acetate (30 wt.% polyvinyl acetate, 70 wt.% polyvinyl alcohol) were dissolved in ethanol. The rice 

shell was add to the polymer matrix by different weight percentages are (0,5,10,15.20.25.30 and 35) wt.% . The 

dielectric properties of composites were measured using LCR meter in the frequency range 100Hz to 5MHz at 

room temperature. The dielectric constant, έ can be calculated by using the following equation:  
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 Where: Cp is capacitance, d is sample thickness and A is surface area of the sample, whereas for dielectric 

loss can be calculated using equation:  
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 Where : tanδ is dissipation factor . The AC conductivity σac can be calculated by the following equation:  


 εεwa.cζ                                               (3) 

RESULTS AND DISCUSSIONS 
 

 Figure (1) shows the variation of the dielectric constant of (PVA-PVAC-Rice Shell) composites as function 

of frequency. The figure shows that the dielectric constant is decreased with increasing of frequency which 

attributed to decrease the space charge polarization [9]. Also, we can see the dielectric constant is increased with 

increase of rice shell concentration which due to increase the charge carries numbers[10] , as shown in figure(2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: variation of the dielectric constant of (PVA-PVAC-Rice Shell) composites as function of frequency.  

 

 
 

Fig. 2: variation of the dielectric constant with concentration rice shell at 100 Hz for (PVA-PVAC-Rice Shell) 

      composites.  

 

      Figure (3) shows the effect of frequency on the dielectric loss of (PVA-PVAC-rice shell) composites for 

different concentration of rice shell. The dielectric loss is decreases with increasing the frequency which due to 

decrease the dipoles in composites [11]. The dielectric loss is increased with the increase of the weight 

percentages of rice shell attributed to increase the numbers of electrons in composites which is increase the 

electrical conductivity of polymer matrix [10], as shown in figure (4). 

0

0.1

0.2

0.3

0.4

0.5

0.6

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

D
ie

le
ct

ri
c 

C
o

n
st

an
t

Concentration 

0.00E+00

1.00E-01

2.00E-01

3.00E-01

4.00E-01

5.00E-01

6.00E-01

1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06

D
ie

le
ct

ri
c 

C
o

n
st

an
t 

Frequency (Hz)

pure
5wt%.
10wt%.
15wt%.
20wt%.
25wt%.
30wt%.



11                                                  Bahaa H. Rabee and Arkan Abbas Kadhim, 2015 

Journal of Industrial Engineering Research, 1(4) July 2015, Pages: 9-12 

      figure(5) shows The variation of A.C electrical conductivity of composites as a function of frequency  .The 

A.C electrical conductivity is increased with increase of the frequency which attributed to the electronic 

polarization and the charge carriers which travel by hopping [11]. The A.C electrical conductivity is increased 

with increase of the concentration of rice shell, as shown in finger (6), which attributed to increase the numbers 

of charge carries [12]. 

 

 
 

Fig. 3: variation of the dielectric loss of (PVA-PVAC-Rice Shell) composites as function of frequency. 

 

 
 

Fig. 4:variation of the dielectric loss with concentration rice shell at 100 Hz for (PVA-PVAC-Rice Shell) 

composites. 
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Fig. 5: variation of the A.C electrical conductivity of (PVA-PVAC-Rice Shell) composites as function of    

      frequency. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: variation of the A.C electrical conductivity with concentration rice shell at 100 Hz for (PVA-PVAC-Rice 

      Shell) composites. 

 

Conclusions:  

1- The A.C electrical conductivity of PVA-PVAC-Rice shell) composites is increasing with increasing of the 

frequency and concentrations of rice shell. 

2- The dielectric loss of (PVA-PVAC-Rice shell) composites decreases with increasing of the frequency and 

increasing with increasing of the rice shell concentrations.  

3- The dielectric constant of composites is decreased with increasing of the frequency and it increases with 

increasing of the rice shell concentrations.  
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