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ABSTRACT

Solid polymer electrolytes comprised of various weight percent ratios of poly(ethyl methacrylate) (PEMA) and lithium
perchlorate (LiClO,) salt were prepared via solution casting technique using N,N-dimethylformamide (DMF) as the
solvent. The conductivity values of the electrolytes were determined via impedance spectroscopy. The conductivity of the
PEMA-LiClO, electrolytes increased with increasing salt concentration and the highest conductivity obtained was in the
order of 10° S cm™ at salt concentration of 20 wt%. The conductivity decreased for higher salt concentration. In order
to understand the conductivity behavior, XRD and dielectric studies were done. The results showed that the conductivity
was influenced by the fraction of amorphous region and number of charge carriers in the system. The transference
number measurement was also performed on the highest conducting electrolyte systems. The result of the measurement
indicated that the systems were ionic conductors.
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ABSTRAK

Elektrolit polimer pepejal yang mengandungi pelbagai nisbah peratus berat poli(etil metakrilat) (PEMA) dan garam litium
perklorat (LiClO,) telah disediakan melalui teknik pengacuan larutan dengan menggunakan N,N-Dimetilformamida
(DMF) sebagai pelarut. Nilai kekonduksian elektrolit telah ditentukan dengan spektroskopi impedans. Kekonduksian
elektrolit PEMA-LIClO  meningkat dengan peningkatan kepekatan garam dan kekonduksian yang paling tinggi di dapati
adalah di dalam julat 10°°S cm™ pada 20 peratus berat kepekatan garam. Kekonduksian menurun pada kepekatan garam
yang lebih tinggi. Untuk memahami sifat kekonduksian ini, pembelaun sinar-X dan kajian dielektrik telah dilakukan.
Keputusan menunjukkan bahawa kekonduksian dipengaruhi oleh bahagian kawasan amorfus dan nombor pembawa
cas di dalam sistem. Pengukuran nombor pemindahan ion pada sistem elektrolit yang mempunyai kekonduksian paling
tinggi juga telah dibuat. Keputusan pengukuran menunjukkan bahawa sistem adalah konduktor ion.

Kata kunci: Panjang Scherrer; pemalar dielektrik; spektroskopi impedans

INTRODUCTION

One of the main objectives in polymer research is to
develop polymeric systems with high ionic conductivity.
This is due to their potential application as electrolytes
and as separators in solid state batteries. Various types of
polymers have been employed as hosts such as PEO (Ali
et al. 1997, Reitman et al. 1987), PPO (Roux et al. 1998 ),
PVA (Shukla & Agrawal 1998), PvC (Subban & Arof 2003),
PVDF (Mohamed & Arof 2004) and PMMA (Stephan et al.
1999). In this work, poly(ethyl methacrylate) (PEMA) has
been chosen as polymer host. To the authors’ knowledge,
no work using PEMA as host for polymer electrolyte has
been reported in the literature except the work done by
Rajendran et al. (2008) in which PEMA was used as a
co-host for Li* ion conducting polymer electrolytes. In
this work, the characteristics of the PEMA based polymer
electrolytes were investigated.

EXPERIMENTAL DETAILS

The samples for this work were prepared by employing
the solution casting technique. Various weight percent
of LiClO, was dissolved in solutions containing 1 g of
PEMA (M = 125000) and 40 mL of DMF. The mixtures
were stirred for 24 h using digital magnetic stirrers. After
thoroughly dissolved, each sample was cast into petri dishes
and let to dry at room temperature. The conductivity values
of the electrolytes were measured utilizing Solatron 1260.
Structural properties of the electrolytes were investigated
by X-ray diffraction employing LabX XRD 6000 equipment.
Transference number for the film with highest conductivity
was determined using D.C. polarization method. The
sample was placed between carbon electrodes and then
polarized by applying a potential of 1.0 V. The variation
of current with time was recorded. The ionic conductivity
transference number was calculated using the equation,
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where i and i  are the total and residual current,
respectively.

RESULTS AND DISCUSSION

Figure 1 shows that the conductivity increases until it
reaches a maximum value of 2.34 x 10° S cm™ at 20%
LiClO,. Beyond this maximum value, the conductivity
decreases with the increase in the wt% of LiClO,. In
order to explain the prior conductivity variation with the
percentage of LiCIO,, structurally, XRD was performed.

1.0E-05

Figure 2 depicts the X-ray patterns of PEMA-LiClO, films.
The XRD pattern for pure PEMA obtained in this work is
similar to that obtained by Rajendran et al. (2008) where
a small peak appeared at 20 = 29.5°. Almost all peaks
of LiClO, are not observed indicating that complexation
between PEMA and LiClO, has occurred. At 20 = 29.5°,
the intensity of the peak decreases from 10% LiClO, up
to 20% LiClO,. Exceeding 20% LiClO,, the height of the
peak tends to increase.

The Scherrer length, L, for every sample was
determined using the equation,
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FIGURE 1. Variation of conductivity at room temperature with concentration of salt
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FIGURE 2. X-ray pattern of PEMA with (a) 0, (b) 5, (c) 10, (d) 15, (e) 20,
(f) 25 and (g) 30 wt% LiCIO,



where A = 1.5418 A and A26 is the width at half maximum.
In this work, Scherrer length was calculated using the
peak at 29.5°. The plot of the variation of L with salt
concentration is presented in Figure 3. According to
Hashmi et al. (1998), the smaller the value of L, the more
amorphous the sample is. Hence, from Figure 3 it can
be inferred that the amorphicity of the electrolyte films
studied increases with increasing salt concentration up to
20 wt% of LiClO,. However, the amorphicity decreased
when salt concentration is greater than 20 wt%. This
observation is opposite to the variation of conductivity with
salt concentration shown in Figure 1. This shows that the
conductivity was affected by the amorphicity of the films.
The most amorphous film was the film with PEMA:LiCIO,
wt% ratio of 80:20.

Graph of ¢ —log w for all films are shown in Figure
4. The dielectric constant rose sharply at low frequencies.
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According to Mohamed and Arof (2004), this behaviour
indicates that electrode polarization and space charge
effects have occurred. The variation of dielectric constant
with salt concentration follows the same trend as the
variation of conductivity with salt concentration. Since ¢,
represents the number of charge carrier in the system, it
can be inferred that the increase in conductivity was due
to the increase in the number of charge carriers.

In the attempt to study the relaxation times of the
PEMA-LiClO, films, the curves of the variations of
imaginary part of electric modulus with frequency were
plotted (Figure 5). The relaxation times determined from
the curves are listed in Table 1. The variation of relaxation
time with salt concentration was consistent with the
variation of conductivity with salt concentration. That is,
the relaxation time decreased with increasing conductivity
and vice versa. Table 1 also reveals that the ions travel
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FIGURE 3. Scherrer length for PEMA-LiCIO, films
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FIGURE 4. ¢ —log w curves for PEMA films containing (a) 10, (b) 15, (c) 20,
(d) 25 and (e) 30 wt% of LiCIO,
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fastest in the film of PEMA with 20 wt% salt. This is another
factor that contributed to its high value of conductivity.

From Figure 6, the ionic transference number, t, and
electronic transference number, t were determined to be
0.938 and 0.062, respectively. According to Linford (1988),
when 7, > 7, the majority charge carries are ions. Thus, the
results of the transference number measurement confirm
that the majority charge carriers in the PEMA+20% LiClO,
film are ions.
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CONCLUSIONS

The highest conductivity achieved in this work was 2.34
x 10% S cm! for the ratio of PEMA to LiCIO, of 80:20.
The transference number measurement suggests that
the majority charge carriers are ions. The results from
this work showed that PEMA is another potential host for
polymer electrolytes. Work on improving the conductivity
of PEMA based electrolytes is being carried out in the
authors’ laboratory.
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FIGURE 5. M,— log f curves for PEMA films containing (a) 10, (b) 15, (c) 20, (d) 25
and (e) 30 wt% of LiCIO,

TABLE 1. Relaxation times for PEMA—LiClO4 films

Film

Relaxation time (s)

PEMA + 10 wt% LiClO,
PEMA + 15 wt% LiClO,
PEMA + 20 wt% LiClO,
PEMA + 25 wt% LiClO,
PEMA + 30 wt% LiClO,

0.0170
0.0072
0.0014
0.0018
0.0025
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FIGURE 6. The plot of normalized polarization current with time for
PEMA + 20 wt% LiCIO, film
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