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Abstract: The present study are focused on the modification of the properties of polyvinylchloride 
(PVC) with different additives of Zinc by preparing the composites systems with different percentages 
of the above additive. This work is an investigation of the effect of filler content and frequency of the 
applied field on dielectric properties of polyvinylchloride. Results show that the dielectric constant 
decreases with increasing frequency, and then increases suddenly by several order of magnitude at a 
critical weight concentration. The dielectric loss oscillatory with increasing frequency, increased with 
the tin content. The A.C electrical conductivity increases with the increase of the frequency, and then 
increases suddenly by several order of magnitude at a critical weight concentration..  
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INTRODUCTION 

 
 Conductive polymer composites, which are lightweight materials and combine the inherent processibility of 
polymers with the electrical conductivity of metals, have been used in a number of applications such 
electromagnetic frequency interference (EMI) shields, antistatic devices, thermistors and conducting coatings 
Vishal et al., 2003. Polymer composites with high dielectric constants are being developed by the electronics 
industry in response to the need for power-ground decoupling to secure the integrity of high speed signals and to 
reduce electromagnetic interference (EMI). A Polymer composites with a high dielectric constant significantly 
reduces the field required to generate high strain with high elastic energy density. Many new technological 
applications require energy storage capacitors in order to be functional: pulsed-power applications, power-
conditioning applications and solar cell systems chao et al., 2008. Abdul-Raheem K. et a1, in (2010) studied the 
effect of copper on D.C and A.C electrical properties of polystyrene. The results showed that the D.C electrical 
conductivity increased with increasing the concentration of copper. Also the activation energy decrease with 
increasing of additional copper, the dielectric properties (dielectric constant, dielectric loss, A.C electrical 
conductivity) very with the compositions of copper dopant. This paper deals to study the effect addition the zinc 
on dielectric properties of polyvinylchloride. 
 
Experimental Work: 
 The materials used in the paper is polyvinylchloride as matrix and zinc as a filler. 
 The electronic balanced of accuracy 10-4 have been used to obtain a weight amount of tin powder and 
polymer powder. These mixed by Hand Lay up and the Microscopic Examination used to obtain homogenized 
mixture .The weight percentages of zinc are ( 0, 20,40,50 and 60) wt.% The Hot Press method used to press the 
powder mixture. The mixture of different zinc percentages has been compacted at temperature 175oC under a 
pressure 100 bar for 10 minutes. Its cooled to room temperature, the samples were disc shape of a diameter 
about (15mm) and thickness ranged between (1.19-1.38)mm  
 The dielectric  properties of PVC- Zn composites were measured using (Agilent impedance analyzer 4294A  
).In the frequency(f) range (25×102-5×106) Hz at room temperature. The measured capacitance, C(w) was used 
to calculate the dielectric constant ,έ(w) using the following expression: 
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 Where d is sample thickness  and A is surface area of the sample . whereas for dielectric loss ε"(w):  
                                                                                                                                                                                             
ε"(w) = έ(w) × tanδ(w)                                                                                                                                          (2) 
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Where tanδ(w) is dissipation  factor . The AC conductivity σac Can be calculated by the following equation :       
                                                                                              

 ")( woac
w                                                                                                                             (3) 

                      
RESULTS AND DISCUSSION 

 
 Figure (1) presents the variation in dielectric constant with angular frequency  for the (PVC-Zn) composite. 
The dielectric constant imparted the filler to the polymer does not increase continuously with increased 
electroconductive filler content, i.e., the relationship is nonlinear. Rather there is a critical composition, or 
percolation threshold, at which the dielectric constant increases by orders of magnitude from the insulating 
range to semiconductor or conductive range. The percolation threshold of dielectric constant appeared as the 
zinc content reached (Φc=55wt.%).  
 

 
 
Fig. 1: Viriation of Dielectric Constant With Angular Frequency For (PVC-Mg) Composite. 
 
 The dielectric properties of materials are mainly determined by their polarizabilities at a given frequency. 
For multi component systems when free charge carriers migrate through the materials space charges build up at 
the interface of the constituents owing to the mismatch of the conductivities and dielectric constants of the 
materials at the interfaces. This is called interfacial polarization. This type of polarization principally influences 
the low-frequency(10-5 to 102 Hz) dielectric properties. As the frequency decreases, the time available for the 
drift of charge carriers increases and the observed values of dielectric constant become significantly higher 
(Cheol et al, 2008). The variation of dielectric loss with angular frequency for PVC-Zn composites for different 
weight percentages at room temperature is shown in figure (2). The dielectric loss of composite decreasing with 
angular frequency was attributed to interfacial polarization caused by heterogeneous of the system. The 
dielectric loss is increasing as a result of filler concentration, which is attributed to the formation of conductive 
network by increasing the amount of filler conduct (Ahmed et al, 1993). 
  

 
 

Fig. 2: Variation of Dielectric Loss With Frequency For (PVC-ZN) Composite. 
 
      The variation of electrical conductivity as function of the angular frequency at temperature (303k) is shown 
in figure (3). The conductivity term in interfacial polarization makes an increasing contribution to the dielectric 
loss as the frequency becomes smaller. The  increased conductivity at low frequency is likely to caused by the 
interfacial polarization. 
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Fig. 3: Variation of A.C Electrical Canductivity With Frequency For (PVC-ZN) Composite. 
 
 At lower concentrations of the zinc the A.C electrical conductivity increases slightly; while at higher 
concentrations of zinc the conductivity increases sharply where the composite becomes a conductive substance 
(Vishnuvardhan T. et al., 2006). For specimens of high filler content the behavior of A.C conductivity can be 
determined by conductive pathways of conductive network which formed as a result of infinite clusters 
formation (Shui G. et al., 2004). 
 
Conclusions: 
1. The dielectric constant decreasing with the frequency and increase with Zn wt.% content . 
2. The dielectric loss decreases with increasing the frequency for (Φ>Φc )and increasing with increasing the 
Zn wt.% content . 
3. The dielectric loss is oscillatory with increase the frequency for (Φ<Φc) and increasing with increasing the 
Zn wt.% content . 
4. The A.C electrical conductivity of PVC- Zn composites is increasing with increasing the frequency of 
applied electrical field and Zn wt.% content. 
5.  
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