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Abstract
In this paper the effect of filler content on D.C electrical properties of polyvinylchloride
filled with Zinc powders has been investigated. The D.C conductivity of such composites
increases suddenly by several order of magnitude at a critical weight concentration. The
D.C electrical conductivity changed with increasing of temperature. Also the activation
energy change with increasing filler concentration.

Keywords: Percolation threshold , polyvinylchloride, electrical conductivity.

Introduction
Polymer composite containing conducting particles have been of great interest in recent times, because
their electrical properties can be precisely controlled, by choosing the mixing components and the
technique of syntheses. Filled conducting polymer composites are used for electromagnetic shielding
of computers and electronic equipments. In addition, they are used as conducting adhesives in
electronics packaging flip-chips, cold solders, switching devices, static charge dissipating materials,
and devices for surge protection[Alvarez et al,2008, Younis Khalaf, 2008]. The percolation theory is
the most adequate for modeling conductivity of conducting polymer composite materials(CPCM). It
involves convergence of particles to distances at which the probability of transfer of current carriers
between them becomes higher than zero. The so-called percolation threshold ¢c, i.e. the lowest
concentration of conduction particles at which continuous conducting chains are formed, is easily
determined from the experimental dependence of conductivity on the filler concentration. It is a very
useful tool to probe the filler distribution within a polymer matrix[Younis,2008]. Ahmed, in(2010)
studied the effect of addition TiO, on some electrical properties of polystyrene. The experimental
results showed that the D.C electrical conductivity increased with increasing the concentration of
additional TiO; and increasing of temperature . Also the activation energy decrease with increasing of
additional Ti0,.

The present work deals with the effect of Zinc additive on the D.C electrical properties of
polyvinylchloride composite.
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Experimental Work
The materials used in the paper is polyvinylchloride as matrix and Zinc as a filler.

The electronic balanced of accuracy 10™ have been used to obtain a weight amount of Zinc
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 55) wt.% The Hot
Press method used to press the powder mixture. The mixture of different Zinc percentages has been
compacted at temperature 175°C 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
(1.055-1.52)mm. The coating unit (Edward coating System E3C6A) has been used for deposition of
thin film Aluminum electrode on both sides of each sample . The resistivity was measured over range
of temperature from (30 to 80)°C using Keithly electrometer type (616C) .The volume electrical

conductivity ¢y defined by :
1 L
o, = ; =2 (1)
Where :
A = guard electrod effective area.
R = volume resistance (Ohm) .
L = average thickess of sample (cm) .
In this model the electrodes have circular area A= D*1/4 where D= 0.5 cm” .

Results and Discussion

The observed variation of electrical conductivity of PVC composites with increasing Zinc content is
illustrated in figure(1).The general theory to explain the conduction mechanism of fibers or particle-
filled polymer composites is the "theory of conductive paths"[ Farshidfar, 2006].

Figure 1: Variation of D.C electrical conductivity with Zn wt % concentration for (PVC-Zn) composite.
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Which suggests that is the existence of conductive paths that results in the conductivity of the
composites, conductive paths among the fibers or particles increase, and the average distance between
the fibers or particles becomes smaller; thus, the conductivity of the composites increases|[Srivastava
and Mehra, 2009]. When the content of the Zn is filled, a conductive network has been formed in the
composites; then, increasing the content of Zn can only slightly increase the conductive paths as
illustrated in the microscopic photographs in figure (2).
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Figure 2: Figure (2) Photomicrographs for PVC-Zn composite (a) for pure,(x50) . (b) for20 wt.% Zn ,(x50) (c)
for 55wt.% Zn ,(x50)
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Figure (3) shows the behavior of electrical volume conductivity of the samples with the
temperature. Note that the electrical conductivity increases with increasing temperature for low
concentration[d<dc], and that any of these materials has a negative thermal coefficient of resistance.
The interpretation of this fact is that the polymeric chains and Zinc particles act as traps of the charge
carriers, which transit by hopping process. On increasing the temperature, segments of the polymer
begin to move, releasing the trapped charges. The released of trapped charges is intimately associated
with molecular motion. The increase of current with temperature is attributed to two main parameters,
charge carriers and mobility of these charges. The increase of temperature will increase the number of
charge carriers exponentially. The mobility depends on the structure and the temperature . For high
concentration of Zinc note that the electrical conductivity decreases with increasing temperature
because the composite becomes a good conductive substance [Al-Ramadhan, 2008; Majdi and Fadhal,
1997].

Figure 3: Variation of D.C. electrical conductivity with temperature for (PVC-Zn) composite

1.E+00 ——
p —8— 20wt .%|
. 1LEO02 = — O S [9) ——X —A— 40wt %]
E lD
L 1 E04 o 50Wt.%)
\(/_)/ —— 55wt.%|
2 1.E06
=
S 1.E08
>
©
S 1EI0
O A— —aA
it Bl — . ——
1 =27
300 310 320 330 340 350

T(K)

Figure (4) shows the relationship between the In(conductivity) and inverted absolute
temperature of the PVC-Zinc composites, using equation ¢ = 6, exp(-E,/kgT) was calculate activation
energy, the high activation energy values for neat sample and low Zinc concentration sample can be
attributed to the thermal movement of the ions and molecules, whereas the low activation energy
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values for the samples of higher Zinc content can be attributed to the electronic conduction mechanism
which is related to the decreasing of the distance between the Zinc particles . [Hamzah et.al ,2008]

Figure 4: Variation of D.C. electrical conductivity with reciprocal absoure temperature for (PVC-Zn)
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The concentration increasing of Zinc less the result of the activation energy as shown in the
figure (5) of PVC- Zn composites for (®<d.)which is a reasonable support for the above discussion
[Ahmed and Zihilif,1992].

Figure 5: Variation activiation energy for D.C. electrical conductivity with Zn wt% concentration for PVC-Zn
composite (9<g,)
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Conclusions
1. The D.C electrical conductivity of the polyvinylchloride increases by increasing the Zinc

concentrations and the temperature
2. The activation energy of D.C electrical conductivity decreases by increasing Zinc

concentrations.
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