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ABSTRACT
Solid polymer electrolyte based on methyl cellulose (MC)-lithium triflate (LiCF3SO3) plasticised with
ethylene carbonate (EC) was prepared using solution cast technique. The X-ray diffraction (XRD)
studies proved that the amorphous nature of the electrolyte systems was increases due to the addition
of salt and plasticiser. The improved surface morphology of plasticised polymer system ensures it has
good electrode-electrolyte contact during performance testing. The polymer electrolyte was found to
have high thermal stability indicating that the electrolyte can be used at higher temperature. The ionic
conductivity increased up to 1.24 x 10-4 S cm-1 at optimum amount of EC plasticiser associated to the
effect of plasticiser that initially leads to the formation of Li+-EC complex. Consequently, it reduces the
fraction of polymer-Li+ complex which contributes to the increase of the segmental chain flexibility in
the plasticized system. Temperature dependent studies indicate ionic conductivity increase due to the
temperature increase and is in line with Arrhenius behaviour pattern. An activation energy of 0.26 eV
at highest conductivity sample was obtained. The addition of plasticiser lowers the activation energy
thus increasing the ion mobility of the system and contributing to ionic conductivity increment. The
plasticization method is a promising means to dealing with the solid polymer electrolyte problem and
producing electrolytes that meet the needs of electrochemical devices.
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INTRODUCTION
Solid polymer electrolytes (SPEs) has great
potential in electrical energy storage systems
such as batteries, super capacitors, fuel cell
and solar cell as the alternative sources
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(Dissaanayake et al., 2002; Malathi et al., 2010; Shukur et al., 2013). This electrolyte also is
known for its ability to overcome the leakage problem of toxic liquid electrolyte, high energy
density, good thermal stability and high conductivity (Gopalan et al., 2008; Johan et al., 2013).
However, the conductivity achievement and electrode-electrolyte contact still needs to be
improved for commercial purposes.
The plasticization method is a promising method to modify the SPE beside formation of
cross-linked network (Wetjen et al., 2013), copolymerization (Li et al., 2013), and insertion
of ceramic filler (Tan et al., 2007). It involves the introduction of plasticiser into SPEs system
which also known as gel polymer electrolytes (GPEs). Several plasticiser such as propylene
carbonate (PC) and ethylene carbonate (EC) are widely used in polymer electrolyte (Ali et al.,
2011; Mahmud et al., 2012).
Pradhan et al. (2010) in their work reported that the conductivity of SPE increases with
the addition of plasticiser due to the lowering of glass transition temperature and increasing
the amorphous phase of the polymer. In the present study, EC is selected as the plasticiser due
to its low molecular weight and higher dielectric constant (ε = 89.6) compare to the polymer
host (Ramesh et al., 2011). The high dielectric constant of the plasticiser helps the ions to
have better dissociations. The study investigates the physical and electrical performance in
producing better polymer electrolyte with plasticiser content.

METHOD
Polymer electrolytes consisting of methylcellulose (MC) as polymer host, lithium triflate
(LiCF3SO3 or LiTf) as a doping salt and EC as plasticiser was prepared using solution cast
technique. Dimethyl formamide (DMF) was used as a solvent to dissolve all the materials.
Prior to the preparation of polymer–salt solution the LiCF3SO3 salt was dried at 100°C in
order to eliminate the excessive water. 1 g of MC and lithium salt were dissolved separately
in DMF and then were mixed together in a Scott bottle. The mixture was stirred for about 24
hours before casting on Teflon petri dish to let the solvent evaporate slowly until the polymersalt film form. The procedure repeated with different stoichiometric ratios of lithium salt.
For GPEs systems, the sample with the highest ionic conductivity was mixed with different
weight percent of EC using the similar procedures. The free-standing film forms were obtained
through slowly drying process inside a vacuum oven at temperature of 60°C. All the samples
were prepared at room temperature and stored in desiccators for further use. The thicknesses
of the films were between 0.1 mm and 0.2 mm.
For structural analysis, X-ray diffraction pattern of the films were recorded by PAN
Analytical X-ray diffractometer with CuKα radiation wavelength (1.54056 Å) in the 2θ
angle range between 10º to 40º with scanning rate 5° min-1. Environmental scanning electron
microscopy (ESEM) was used to determine the morphology of the samples with 5000× scanning
magnification. The thermal studies were performed using thermogravimetric analysis (TGA)
at heating temperature from 25°C to 500°C, and conductivity measured by AC impedance
spectroscopy studies using HIOKI 3531 Z Bridge at frequency range between 100 Hz and 1
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MHz at amplitude 10mV. The polymer electrolytes were sandwiched between two stainless
steel blocking electrodes with humidity controlled. The conductivity-temperature dependence
study was conducted in the temperature range 303 K to 363 K.
appeared between 2θ = 10° and 30° correlated to the crystalline nature of methylcellulose

RESULTS AND DISCUSSION

known as amorphous hump. The pattern shows that the amorphous character of the samples

Figure 1 shows the X-ray diffractograms of pure MC film, pure LiCF3SO3, MC with 30wt.%
as the crystalline peaks decreased gradually and their width began to broaden
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Figure 1. XRD pattern of (a) Pure MC; (b) MC-30wt% LiCF3SO3; (c) MC-LiCF3SO3-40wt% EC; and (d)
1. XRD pattern of (a) Pure MC; (b) MC-30wt% LiCF3SO3; (c) MC-LiCF3SO3-40wt% EC; and
Pure LiCFFigure
3SO3
(d) Pure LiCF3SO3

Figure 2 shows the surface morphology (ESEM) of pure MC film, polymer salt system
and polymer salt-plasticiser system. The results show pure MC image has rough wrinkles
Figure 2 shows the surface morphology (ESEM) of pure MC film, polymer salt system
surface with micro-pores. The addition of lithium salt onto the MC polymer in Figure 2(b)
polymerofsalt-plasticiser
system.
Thesurface
results show
pure MC
image
rough
wrinklesshows the
shows a and
reduction
the roughness
of the
structure
while
thehas
XRD
analysis
amorphous hump became less sharp and broadened in polymer salt system implying that the
amorphousness phase in the electrolyte has increased. Due to this observation, it is suggested
that the increase of the amorphousness phase in MC polymer is associated with the smooth
surface morphology of the polymer electrolyte as a result of the interaction of ether oxygen of
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MC and Li+ ions (Johan et al., 2011). In Figure 2(c) it can be noticed that the surface morphology
of the plasticised polymer-salt appears very smooth, dense and absent of pores. Predictably,
larger plasticisers were entrapped within the polymer matrix thus increase the flexibility of the
segmental motion of where influenced in the transporting of charge carriers and successfully
improved the surface layer of the electrolyte. This result ensures good electrode-electrolyte
contact and impedance spectroscopy characterization and device applications (Shukur et al.,
2014).

Figure 2. FESEM image (a) Pure MC; (b) MC-30wt% LiCF3SO3; and (c) MC-LiCF3SO3-40wt% EC complexes
Figure 2. FESEM image (a) Pure MC; (b) MC-30wt% LiCF3SO3; and (c) MC-LiCF3SO3-40wt% EC

The thermogravimetric curve at different polymer electrolyte systems shows in Figure 3.
complexes
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LiCF3SO3 complexes. Thermal stability with the presence of LiCF3SO3 reduces the thermal
stability of MC from 300°C to 256.7°C. This may be attributable to the weak interaction
between MC and LiCF3SO3 caused the disruption in the complexes proved by FTIR results
from previous studies (Sahli & Ali, 2012). The addition of EC plasticiser on polymer-salt
Physical
andstability
Conductivity
Studieswhere the major decomposition
system (Figure 3(c)) shows the
thermal
increased

temperature
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The final degradation
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with the mass loss of 19.25% indicates the degradation of plasticizer EC. It is relevant to use stage
occurs at 269.9°C. The final degradation at 421°C to 500°C with the mass loss of 19.25%
MC based polymer electrolyte in electrochemical devices since the thermal stability is higher
indicates the degradation of plasticizer EC. It is relevant to use MC based polymer electrolyte
than 100°C. devices since the thermal stability is higher than 100°C.
in electrochemical

Figure 3. Thermograms for (a) Pure MC; (b) MC-30wt% LiCF3SO3 and (c) MC-LiCF3SO3-40wt% EC
complexes
Figure 3. Thermograms for (a) Pure MC; (b) MC-30wt% LiCF3SO3 and (c) MC-LiCF3SO3-40wt% EC
complexes
Figure
4 shows the ionic conductivity at variation wt.% of EC plasticiser in polymer
electrolyte system. It can be observed that the highest ionic conductivity is 1.24 x 10-4 S cm-1
for 40 wt.% EC at room temperature. This phenomenon can be explained by the relatively low
viscosity of the plasticiser which decreases the local viscosity around the charge transporting ion
thereby increasing ionic mobility. The high dielectric constant of the plasticiser interrupts the
coulombic force between the anions and cations of the salt contributed to the salt dissociation
in the system therefore more free Li+ ions are produced (Saikia et al., 2008). The addition of
plasticiser initially leads to the formation of Li+-EC complex which will reduce the fraction
of polymer-Li+ complex. The flexibility of polymer chains will increase and contribute to
improvement in conductivity.
Figure 5 represents the temperature dependence measurement for unplasticised polymersalt and plasticized polymer-salt system at highest conductivity. The log σ versus 1000/T plot
shows that the conductivity for both systems increases with increases in temperature, when a
small amount of space surrounding its own volume is created through which ionic motion can
take place and thereby increase conductivity. A similar tendency can be observed with ionic
crystal where the ions jump into neighbouring vacant sites and increases conductivity when
the temperature is raised. The regression values are near to unity indicating ion transport in
the temperature dependence system follows the Arhenieus rules shown below Equation (1).
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Where σo is the exponential factor, Ea is the activation energy, K is the Boltzmann constant
and T is the absolute temperature. The activation energy, Ea is the energy required for an ion to
begin movement which calculated from the slope of the log σ versus 1000/T plot. The activation
the MC-based systems are presented in Table 1. It shows that the electrolytes with high
energies the
at the
highestsystems
conducting
samples
for unplasticised
andtheplasticized
thehigh
MC-based
MC-based
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with
conductivity
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the Ea1.(Yap
et al., 2012).
Thiselectrolytes
can explainedwith
that high
in plasticized
system exhibit
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It shows
that the
conductivity
conductivity exhibit the Ea (Yap et al., 2012). This can explained that in plasticized system
the Ea (Yap et al., 2012). This can explained that in plasticized system the sufficient energy
the sufficient energy of ion is lower for the ion to transfer from the donor site to another thus
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for thethe
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thus
of ion is the
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ion oftoion
transfer
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to another
leading
the
leading
increase
the
ion
mobility
(Johan
et
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2011).
ion mobility
(Johan
et
al.,
2011).
leading increase the ion mobility (Johan et al., 2011).

Figure 4. The conductivity plot of GPE system at different concentration of plasticiser at 303 K
Figure 4. The conductivity plot of GPE system at different concentration of plasticiser at 303 K
Figure 4. The conductivity plot of GPE system at different concentration of plasticiser at 303 K

Figure 5. Temperature dependence of ionic conductivity for (a) MC-30wt% LiCF3SO3; and (b) MC-LiCF3SO340wt% EC at 303-363 K
Figure 5. Temperature dependence of ionic conductivity for (a) MC-30wt% LiCF3SO3; and
Figure 5. Temperature dependence of ionic conductivity for (a) MC-30wt% LiCF3SO3; and
(b) MC-LiCF3SO3-40wt% EC at 303-363 K
(b) MC-LiCF3SO3-40wt% EC at 303-363 K

Table 1
The activation energy, Ea values for the highest conductivities of MC-30wt.% LiCF3SO3 and MCLiCF3SO3- 40wt.% EC
Electrolyte
MC- LiCF3SO3
MC- LiCF3SO3-EC
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Conductivity, σ (S cm-1)
2.13 x 10-5
1.24 x 10-4

Activation energy, Ea (eV)
0.68
0.26
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CONCLUSION
Polymer electrolytes consisting of MC-LiCF 3SO3-EC have successfully prepared and
investigated showed good thermal stability at high temperature. The XRD proved that by
reducing crystallinity ionic conductivity can be enhanced as it has been noted to increase with
rises in temperature increases.
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