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I. INTRODUCTION

Polymers have poor ionic conductivity and are good insulators. Electrical conduction in polymers has been
researched recently in order to understand the nature of charge transport [1]. For the charge transmission,
several conduction mechanism types have been proposed [2]. To create solid polymer proton conductors,
several research groups have looked into different combinations of polymers and acids or acid salts. [3].
Phosphoric acid (H3PO4) is one example of an acid group donor that may be used as a dopant to increase the
conductivity of a PVA mixture [4].

Research on polymer film PVA-H3PO4 complexes has shown that when the concentration of H3PO4 with the
H+ ion increases, so does the amorphous structure of PVA [5]. Prior research has demonstrated that PVA film
exhibits good conducting properties when combined with phosphoric acid [6]. As the amount of phosphoric
acid in the blend grows, so does the conductivity of the polymer film [7]. It was also discovered that the

resultant polymer films have favorable mechanical and thermal characteristics [8, 9].
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II. EXPERIMENTAL TECHNIQUE:

Polyvinyl alcohol with molecular weight 125,000 (AR grade Sd fine), phosphoric acid (AR grade merck), and
deionized distilled water as a solvent have been used to prepare proton conducting solid polymer electrolyte by
solution cast technique. In this method PVA and phosphoric acid have been dissolved separately in deionized
distilled water by mole percent. Then different molar ratio of H3PO4 in PVA and the solution is stirred well
using magnetic stirred, until homogeneous solution was formed. These homogeneous solution was casted in

petri dish and evaporated slowly at room temperature. The film have been formed with uniformed thickness.

IILRESULT AND DISCUSSION

1.  Temperature Dependant DC conductivity:

-16.60 - PVA:H,PO,
-16.80 -

-17.00 -
-17.20 -
E -17.40 - —e—40V
L -17.60
~ -17.80 -
£ -18.00 - 120V
-18.20 -
-18.40 -
-18.60 - =200V
-18.80 ; ; ; ; ; ; ; .
28 285 29 295 3 305 31 315 3.2

1000/T (K?)

—m— 80V

o (S

=160V

Figure 1: Variation of conductivity In (0) with temperature at different voltages (Arrhenius plots) for PVA with
25 mole % of Phosphoric acid.

The conductivity of the PVA films doped with phosphoric acid increased with temperature, exhibiting the
typical behavior of thermally activated conductivity. The DC conductivity showed a significant enhancement
as the phosphoric acid concentration increased, indicating that the presence of phosphoric acid contributed to
the increased ionic mobility within the polymer matrix.
To better understand the conduction mechanism, the temperature dependence of the DC conductivity was
analyzed using an Arrhenius plot. The DC conductivity can be described by the Arrhenius equation:

or= coexp(-E./KT)

Where [0 is the pre exponential factor, Ea is the activation energy and K is the Boltzmann constant [10-11].
The activation energy, Ea is calculated for prepared polymer electrolyte by linear fit of the Arrhenius plot. It is
found that the activation energy decreases with increase of acid concentration in all polymer electrolytes.
Increase in the electrical conductivity and decrease in the activation energy value of polymer electrolytes can
be explain on the basis that the polymer films are known to be a mixture of amorphous and crystalline region
and the conductivity behavior of such films may be dominated by the properties of amorphous region. The
amorphous nature provides a bigger free volume in polymer electrolytes system with increase in temperature
[12].
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2.  Frequency dependent conductivity

The variation of the conductivity as a function of frequency for different concentration of polymer electrolyte
has been shown in fig 2.

The conductivity of polymer changes with frequency according to Jonschen’s universal power law [13].
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Fig 2. The variation of AC conductivity with frequency for pure PVA and PVA dopped with phosphoric acid.

Fig. 2 shows the frequency depends on the total conductivity measured for pure polyvinyl alcohol and doped
with phosphoric acid with different concentration at room temperature. It was observed that the conductivity
increased with the frequency because the rate of polymerization is higher with increasing concentration of

phosphoric acid.

3.  Frequency dependent dielectric constant and dielectric loss
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Fig 3.1. The variation of dielectric constant with frequency for pure PVA and PVA with dopped phosphoric

acid

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) @



4000 -
3000 - PVA
=== P\/A+5% Phosphoric acid
W 2000 - === P\V/A+25% phosphoric acid
1000 -
0 T 1 T
4 6 8 Ln F(Hz) 10 12 14

Fig 3.2. The variation of dielectric loss with frequency for pure PVA and PVA with dopped phosphoric acid

Fig 3.1 shows the frequency dependence on dielectric constant. It is clear from the figure (er) decreases with
the increase in frequency. The decrease of (er) with frequency can be explained as follows: at low frequencies,
(er) for polar materials are due to the contribution of multi-component of polarize ability deformational
polarization (electronic, ionic, orientation, and interfacial). When the frequency is increased, the dipole will no
longer be able to rotate sufficiently rapidly. So their oscillations being to be lag behind those of the field. As the
frequency is further increased, the dipole will be completely unable to follow the field and the orientation
stopped, so (er) decreases at a higher frequency approaching a constant value due to the interfacial polarization .
The dielectric loss as a function of frequency is shown in Fig. 3.2, shows the dependence of (¢”) on the
frequency at room temperature. It is found to be decreases with the increases in the frequency. The origins of

the dielectric losses are the conduction losses [14].
IV.CONCLUSION :

The concentration of phosphoric acid rise, the DC conductivity significantly improved, suggesting that
phosphoric acids presence facilitated the increased ionic mobility in the polymer matrix. With an increase in
frequency, PVA-H3PO4 electrolytes conductivity also rose. It has been discovered that ionic conductivity
increases with phosphoric acid concentration because the rate of polymerization increases as phosphoric acid
concentration rises. It was discovered that when the frequency increased, the dielectric constant (er) decreased.

It was also discovered that when the frequency increased, the dielectric loss (¢") reduced.
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