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ABSTRACT

Various plasticizers have been used in polymer electrolyte systems, mainly to enhance the ionic conductivity of the
electrolyte. Therefore, in this study, the effects of dimethyl carbonates, DMC plasticizer on the ionic conductivity of
poly (methyl methacrylate), PMMA electrolyte film when blended with 50% epoxidized natural rubber and ENR 50
were investigated. Unfortunately, the addition of DMC plasticizer reduced the ionic conductivity of this blend system at
any amounts of plasticizer added. In addition, this DMC-plasticized system also exhibited higher activation energy than
the unplasticized system. The effects of DMC plasticizer on the conductivity of this electrolyte system were investi-
gated and explained using Field Emissions Scanning Electron Microscope, FESEM and Fourier Transform Infra Red,
FTIR Spectrophotometer analyses. From these analyses, it can be concluded that the dielectric constant of a plasticizer

is important when dealing with an electrolyte system containing rubber.
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1. Introduction

Plasticizer is defined as a relatively low molecular
weight substance of low volatility, which, when added to
another material, changes the physical and chemical
properties of the material in such a manner that the fin-
ished product is in a more useful form [1]. In polymer
electrolytes, plasticizers or mixed plasticizers are added
to soften rigid polymers and to lower the glass transition
temperature, T,, of a polymer or polymer blend by in-
creasing the segmental motion of the polymer backbone,
hence assisting the transport of ions along the polymer
chain. Furthermore, the addition of plasticizers helps to
increase the dissolution of salts and dissociation of ion
pairs and hence increase the number of free ions.

To date, there are several plasticizers that had been
used as a plasticizer for the above mentioned purposes,
such as ethylene carbonate (EC) [2], propylene carbonate
(PC) [3], dimethyl carbonates (DMC) [4], dimethyl for-
mamide (DMF) [5], etc. Amongst them, the most widely-
used plasticizers are EC and PC, due to their low mo-
lecular weight, low viscosity, high dielectric constant and
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high boiling point properties.

However, not all plasticizers are found to be suitable
in any polymer electrolyte system resulting in poor ionic
conductivity. According to Bernardo and Burell [1], anti-
plasticization effects of plasticizer may occur in certain
amount of plasticizer. This phenomenon exists in our
previous work [6] in which the addition of EC reduced
the ionic conductivity of PMMA/ENR 50/LiCF;SO;
from 10°® S/cm to 10~ S/cm at room temperature. In this
EC plasticized system, we found that it was incompatible
with epoxidised natural rubber in which it caused the
rubber to be coagulated, hence reduced the ionic conduc-
tivity of the unplasticized system. The high dielectric
constant of EC (¢ = 95) may increase the number of
“free” mobile ENR 50 chains resulting in chain entan-
glement hence leading to the formation of coagulates.
Since ENR 50 was able to enhance the ionic conductivity
(107 S/cm) [7] and improve the mechanical strength and
adhesion properties of PMMA film electrolyte, it is im-
portant to further improve the ionic conductivity of the
PMMA film since it was proven to exhibit good interfa-
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cial properties towards the lithium electrodes [8,9].
Therefore, DMC plasticizer that has much lower dielec-
tric constant (¢ = 3) than EC was chosen in this study to
avoid the formation of excessive ENR 50 coagulation
that hinders the migration of ions in the blend system.
Though DMC also exhibited lower ionic conductivity
than the unplasticized blend system, the phenomenon
that occurred in this DMC plasticized system was not the
same as in the EC plasticized system. To the best of our
knowledge, DMC plasticizer may exhibit a high ionic
conductivity of 10~ S/cm at room temperature in other
PMMA-based electrolyte system [10] but not when ENR
50 was blended with it. Therefore, this work emphasized
the factors that occurred in this kind of polymer blend
system.

2. Experimental
2.1. Film Preparation

(ALDRICH) and dimethyl carbonate, DMC plasticizer
(BDH) were used without further purification. ENR 50
was obtained from Guthrie Polymer Sdn. Bhd. Siliau,
Negeri Sembilan, Malaysia. PMMA and ENR 50 stock
solutions were prepared separately by dissolving the
polymers in THF by continuous stirring with magnetic
stirrer. Fixed volume of the two polymer solutions were
then mixed in a beaker containing fixed amount of
LiCF;S0; salt. Various amounts of DMC plasticizer was
added into the solution mixture. The mixtures were then
stirred for about 24 hours. All the preparation steps were
done in a glove box. The electrolyte solutions were then
cast into glass petri dishes and left to dry by solvent
evaporation at room temperature. The films obtained
were further dried in an oven at 50°C for another 48
hours. The solvent free films were then kept in a desic-
cator until further use.

2.2. Material Characterizations

The morphology of the films was investigated under
LEO Field Emissions Scanning Electron Microscope.
The FTIR spectra of the thin films was obtained from
SHIMADZU FTIR 8300 Fourier Transform Infra Red
Spectrophotometer in the frequency range of 4000 - 400
cm . The conductivity measurement was performed by
Hioki 3532 - 50 LCR HiTester Impedance Spectroscopy
over a frequency range of 100 Hz to 1 MHz from room
to 359 K.

3. Results and Discussions

All DMC plasticized PMMA/ENR 50/LiCF;SO; electro-
lyte films were transparent and stable at room tempera-
ture. Interestingly, though the phase separation can still
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be observed on the surface of the films, it was almost
diminishing and insignificant.

3.1. FESEM Studies on the Morphology of
Plasticized PMMA/ENR 50/LiCF;SO; Films

From observation, as the volume of DMC plasticizer in-
creased, the film became congested (Figure 1(b)) with
dissolved lithium salt that spread in the entire volume of
the blend hence reduced the gap between the PMMA and
the ENR 50 phase. This may explain why at higher vol-
ume of DMC plasticizer, the two phases became almost
invisible and a physically better appearance of the blend
film was obtained. Large craters were formed in the SEM
micrographs of the blend when DMC plasticizer was
added (Figure 1). The formation of craters were also
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Figure 1. FESEM micrographs for PMMA/ENR 50/LiCF3;SO3;
films when plasticized with (a) 1 ml and (b) 3 ml of DMC
plasticizer.
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observed in the un-doped blend [6] when ENR 50 sup-
pressed the globular structures of PMMA [6] as it pene-
trated the PMMA phase. The larger craters that were
formed in these plasticized blends support the increment
in the polymers chains flexibility that allows them to
merge into each other’s phase. Therefore, more globular
structures of PMMA were suppressed by ENR 50.

3.2. FTIR Analysis on Plasticized PMMA/ENR
50/LiCF3SO; Electrolytes

It was found that the intensity of the —OH band at ~3500
(Figure 2) that relates to the occurrence of H-bonding
have been reduced in the presence of plasticizer indicat-
ing a reduction in the number of interchain crosslinking
between the two polymers. This confirmed that the addi-
tion of plasticizer increased the polymers chains flexibil-
ity.

It was found that the intensity of V (CF;) and V; (SO3)
at ~1350 cm ™' and ~1033 cm™' peaks were reduced when
DMC plasticizer was added into the system (Figure 3)
indicating a marked reduction in the number of free ions
due to the formation of ion pair or ion aggregates as a
result of ion congestions. Therefore, there was no sig-
nificant shifting and change in the intensity of the car-
bonyl peak of PMMA at ~1720 cm™' (Figure 3) as the
amount of DMC plasticizer was increased hence sug-
gesting that no further complexation that occurred be-
tween the polymer and the salt.

The reduction in the intensity of the epoxy band of
ENR 50 at ~1250 cm ' and ~838 cm ' (Figure 3) and the
disappearance of the carbonate band of the plasticizer at
~1759 cm™" (Figure 3) may suggest the occurrence of
polymer-plasticizer interaction via polar linkages [6] due
to its affinity towards ENR 50. However, this polar
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Figure 2. The FTIR spectra of the -OH band for PMMA/
ENR 50/LiCF3;SO; Films when plasticized with (a) 0 ml, (b)
1 ml, (c) 2 ml and (d) 3 ml of DMC.
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Figure 3. The FTIR spectra of various bands in PMMA/
ENR 50/LiCF3;SO; Films when plasticized with (a) 0 ml, (b)
1ml, (c) 2ml and (d) 3 ml of DMC.

linkages are weaker than the inter-or intra molecular hy-
drogen bonding.

3.3. lonic Conductivity Studies on Plasticized
PMMAJ/ENR 50/LiCF3;SO; Electrolytes

Table 1 summarized the ionic conductivity of these plas-
ticized PMMA/ENR 50/LiCF;SO; electrolyte systems.
The data obtained in Table 1 supports the results ob-
tained in the FTIR analyses where the conductivity ob-
tained for the plasticized systems is lower than the un-
plasticized system due to the lower number of the charge
carrier due to the formation of ion congestion that was
observed in the SEM micrograph of the plasticized sys-
tem at higher amount of plasticizer. The presence of cra-
ters may also trap the lithium ion in its vicinity hence
hindering the migration of ion. These may also explain
why the activation energies, Ea obtained from these plas-
ticized systems are slightly larger than the un-plasticized
system (Table 1).

Though various factors contribute to the lower ionic
conductivity of this DMC plasticized PMMA/ENR 50
LiCF;S0; system, it is still slightly higher than the EC
plasticized system (3.84 x 10”7 S/cm) [6] due to no large
coagulate structures were formed in the system.

Since the regression, 1 value for all the plots of In (o)
versus 1000/T (Figure 4) for these plasticized system lie
in the range of 0.96 to 0.999, therefore, it can be consid-
ered that the points were almost in a straight line. This
implies that the conductivity behaviour of this system as
a function of temperature can be fitted by the Arrhenius
law in which the ion transport was similar to that in ionic
crystals.

4. Conclusion
The addition of DMC plasticizer in PMMA/ENR 50/
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Table 1. The average conductivity of PMMA/ENR 50/
LiCF;SO3/DMC electrolytes at various amounts of DMC
and temperatures.

Conductivity, o x 1077 S/cm (x1 (fi’ eV)
DMC
(%) T (K)
299 309 319 329 339 349 359
0 207 416 601 107 154 248 327 453[7]
20 875 135 19.6 228 353 66.6 121 3.82
40 436 109 23.6 354 89.0 139 229 6.07
60 072 321 923 235 508 925 137 8.06
“
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Figure 4. Arrhenius plot for PMMA/ENR 50/LiCF;SO3
electrolyte when plasticized with (a) 0 ml [11], (b) 1 ml, (c) 2
ml and (d) 3 ml of DMC.

LiCF;S0; was found to reduce the ionic conductivity of
the unplasticized electrolyte because it contained lower
number of charge carrier due to the formation of ion
pairs and ion aggregates or trapping of charge in the vi-
cinity of the craters. Therefore, it can be concluded that
the value of dielectric constant of a plasticizer is impor-
tant when dealing with polymer electrolyte system con-
taining ENR 50.
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