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Polymer electrolytes composed of a blend of poly(vinyl chloride)–poly(ethylene oxide) (PVC/PEO) as 

a host polymer, lithium triflate (LiCF3SO3) as a salt, mixture of   ethylene carbonate (EC) and dibuthyl 

phthalate (DBP) as plasticizers and silica (SiO2) as the nanocomposite filler were studied. The 

variation in ionic conductivity values for PVC–PEO–LiCF3SO3–DBP–EC:SiO2 complexes at different 

silica content were observed. The highest ionic conductivity value obtained for this system is at 

3.3210
-4

 S/cm with 5 wt% of silica. The LiNi0.8Co0.2O2/ PVC–PEO–LiCF3SO3–DBP–EC: SiO2 / 

MCMB cell shows a discharge time of 522 minutes at 1
st
 cycle. From the discharge part of the curves, 

the discharge capacity of the cell can be calculated. The discharge capacity observed for Li–ion 

polymer battery based on PVC/PEO blend electrolyte at 1
st
 cycle is 50 mAh/g. The nominal voltage 

versus cycle number plot for LiNi0.8Co0.2O2/ PVC–PEO–LiCF3SO3–DBP–EC: SiO2 / MCMB cell 

shows that the nominal voltage decreased quite significantly after the first discharge cycle and 

decreased slowly as the cycle number increases. 
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1. INTRODUCTION 

 

In recent years, solid polymer electrolytes (SPE) have extensively been studied in order to 

replace the harmful liquid electrolytes. SPE offers many advantages, such as high durability, high 

flexibility for cell design, low reactivity towards the electrodes, eliminate the problems of corrosive 

solvent leakage and harmful gas for above ambient temperature operations and reduce packaging cost 

as well as improve shelf–life and cyclability of the lithium metal electrodes [1–2]. Besides, these solid 

state polymer electrolytes manifest high energy density and good mechanical stability with light in 
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weight [3]. It also shows wider electrochemical and thermal stability range as well as low volatility [4]. 

Therefore, many efforts have been devoted to develop SPE.  

In past three decades, polymer electrolytes based on PEO have drawn keen interest because of 

their efficiency in coordinating lithium ions by solvating lithium ions through the complexation with 

the lone pair electrons on the ether oxygen atoms in polymer chains [2,5]. The ionic transportation in 

the PEO-based polymer electrolyte is occurred in the amorphous state, coupled with local relaxation 

and segmental motion of the PEO chains via hopping mechanisms within the coordination sites [2–3]. 

However, PEO exhibits relatively high crystalline portion at ambient temperature due to its particular 

structure and thus shows low ionic conductivity. To overcome this limitation, one of the approaches 

used is the polymer blending method. Therefore, PVC is blended in order to improve the ionic 

conductivity. To date, several effective ways are employed to enhance the ionic conductivity, such as 

plasticization, impregnation of fillers, comb-branched copolymers, cross–linking polymer matrices, 

binary salt systems and different preparation methods [4]. Among all these methods, additions of 

plasticizers and inorganic filler are probed. In the present study, a novel of PVC–PEO–LiCF3SO3–

DBP–EC–SiO2 has been developed, in which mixture of DBP and EC and SiO2 are used as plasticizer 

and filler, respectively. 

Many researches onto PEO–based polymer electrolytes have been reported. Nevertheless, the 

fabrication of secondary electrochemical cell is lesser being explored and it will be focused by using 

polymer matrix which achieves the highest ionic conductivity as an electrolyte. In this work, we 

present the performance of the cell such as discharge capacity. The discharge characteristic and 

nominal voltage against cycle number are studied.  

 

 

 

2. EXPERIMENTAL 

High molecular weight poly(vinyl chloride) (PVC) was obtained from Fluka, while 

polyethylene oxide (PEO) with average molecular weight of 200,000 were obtained from Aldrich. The 

PVC/PEO blends were prepared by dissolving in tetrahydrofuran (THF) that was obtained from J.T. 

Baker. Lithium triflate (LiCF3SO3), obtained from Aldrich, was used as the doping salt. The 

plasticizers, dibutyl phthalate (DBP) and ethylene carbonate (EC) were both procured from Aldrich 

and Fluka, respectively. Fumed silica (SiO2) with particle size of 10 – 30 nm, which was supplied by 

Wacker Chemie was used as the nanocomposite filler.  

LiCF3SO3 was dried at 100C for one hour in order to eliminate trace amounts of water in the 

material. Desired amounts of PVC/PPEO blend and LiCF3SO3 were dissolved separately in THF and 

the solutions were then mixed together and stirred. After incorporating the required amounts of 

plasticizers (DBP and EC), inorganic filler SiO2 powder was suspended in the solution and stirred for 

24 hours to achieve a homogeneous solution. The solutions thus obtained were cast on a glass plate 

and allowed to evaporate slowly inside a dessicator.  This procedure yields mechanically stable and 

free standing films.  
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Ionic conductivity of the polymer electrolytes were determined by ac–impedance 

measurements using HIOKI 3531 Z bridge interfaced with a computer for data acquisition over a 

frequency range between 50Hz and 1MHz. The thin film polymer electrolyte films were sandwiched 

between two stainless disk electrodes, which acted as a blocking electrode for ions.  

The PVC blend based polymer electrolyte film with the highest electrical conductivity was 

used as the electrolyte in the secondary electrochemical cell fabrication. The LiNi0.8Co0.2O2 composite 

cathode pressed on to an aluminium mesh consisted of LiNi0.8Co0.2O2 with gel polymer electrolyte and 

activated carbon in the proportions of 70:15:15 wt. %. The anode consisted of MCMB, gel polymer 

electrolyte and activated carbon in the proportions of 70:15:15 wt% pressed on to a copper mesh. A 

LiNi0.8Co0.2O2/ polymer electrolyte/ MCMB cell was assembled in a glove box, with the electrolyte 

sandwiched between the electrodes. The cell was characterized using a BAS LG50 galvanostat 

interfaced to a computer. 

 

 

 

3. RESULTS AND DISCUSSION 

The variation in ionic conductivity values for PVC–PEO–LiCF3SO3–DBP–EC: SiO2 complexes 

at different silica content are depicted in Fig.1.  

 

 
 

Figure 1. Conductivity of PVC–PEO–LiCF3SO3–DBP–EC: SiO2 system as a function of silica content 

at room temperature. 

 

To be noted as well, in this case, is that, as commonly found in composite materials [6-8], the 

conductivity is not a linear function of the silica concentration. Thus, a maximum in the conductivity 

versus composition curve is obtained. The highest ionic conductivity value obtained for this system is 
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at 3.3210
-4

 S/cm with 5 wt% of silica. The complex impedance plots of sample with 5 wt% silica 

(ESi–05) and 10 wt% (ESi–10) silica are shown in Fig.2. 

 

 
 

Figure 2. The complex impedance plots of ESi–05 and ESi–10. 

 

From the above analyses on silica incorporation in PVC–PEO system, we can conclude that 

silica has brought the conductivity of polymer electrolytes into the useful realm for materials in lithium 

polymer battery applications. The reason for the maximum behavior of the ionic conductivities could 

be related to the increase in the mobility and in the number of charge carriers with the addition of 

silica.  

The reasons proposed for the enhancement of ionic conductivity, were as follows: 

i) The presence of disorder due to interactions between polymers and silica, enhanced by 

the Lewis acid nature of the silica used leads to a weaker interaction between the polymers and the 

lithium ions. This interaction is suggested to result in the stiffening of the polymer but allows easier 

mobility of Li
+
 ions through an interfacial region [7,9,10]. Silica is expected to interact also with the 

lithium cation through an acid–base interaction between the lithium cation of the salt and oxygen in the 

silica. Such an interaction could lead to an increase in the number of free plasticizers, resulting in an 

increase in ionic conductivity [11]. 

ii)  The extremely high surface area of the nanometric sized silica compared to the 

polymer increased the amorphousity of the material [8-10,12].  

iii) The formation of a new kinetic path via polymer–ceramic boundaries. These boundaries 

are important because these are the sites for high defect concentration that may allow faster ionic 

transport [8,13]. 

iv) The enhancement in the uptake amount of the liquid electrolyte by the introduction of 

the silica seems to be originated from the chemical affinity between the silica and the liquid 
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electrolyte. This will lead to a higher mobility of the charge carrier and also a larger number of the 

charge carrier [14]. 

v) The ceramic particles acting as nucleation centers for the formation of minute 

crystallites [8].  

The conductivity does not continue to rise indefinitely, with increasing concentration of silica. 

It falls once an optimum concentration of silica (5 wt%) is crossed. The decrease in conductivity at 

higher silica content can be explained as follows: 

i) The agglomeration of the primary silica particles to bigger particles which then leads to 

lower surface area. This mechanism assumes that the surface area of filler is the key factor in 

determining high conductivity [10]. High concentration of silica also leads to well–defined crystallite 

regions. This reasoning is in line with the finding of Rajendran et.al. [8]. Further, beyond this optimum 

concentration, silica particles tend to impede ionic movement by acting as mere insulators. According 

to Capuano et.al. [15] the added filler particles may catalyze aggregation of polymer chains and thus 

increase the rate of recrystallization processes.  

ii) At low concentration levels the dilution effect which tends to depress the conductivity, 

is efficiently contrasted by the specific interaction of the ceramic surface, which promotes fast ion 

transport. At high filler content, the dilution effect becomes predominant and tends to depress the 

conductivity [7, 15, 16]. 

iii) The increase of viscosity of the plasticizer–rich phase and the decrease in the charge 

carrier numbers [11]. 

PVC–PEO–LiCF3SO3–DBP–EC: SiO2 (95:5) which showed the highest ionic conductivity in 

PVC–PEO blend based electrolytes was chosen as electrolyte in electrochemical cells.   

 

 
 

Figure 3. Discharge curve for the PVC–PEO based cell from 1
st
 cycle to 7

th
 cycle. 
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Fig. 3 shows the discharge characteristics of the cells from 1
st
 cycle to 7

th
 cycle. The cells were 

charged to 4.2 V. For the LiNi0.8Co0.2O2/ PVC–PEO–LiCF3SO3–DBP–EC: SiO2 / MCMB cell, the 

time needed is 60 minutes.   

The LiNi0.8Co0.2O2/ PVC–PEO–LiCF3SO3–DBP–EC: SiO2 / MCMB cell show a discharge 

time of 522 minutes at 1
st
 cycle. From the discharge part of the curves, the discharge capacity of the 

cell can be calculated. The discharge capacity observed for Li–ion polymer battery based on PVC/PEO 

blend electrolyte at 1
st
 cycle is about 50 mAh/g.  

 

 
 

Figure 4. Nominal voltage as a function of cycle number of Li–ion polymer battery based on PVC–

PEO blend electrolytes.  

 

From the discharge part of the curves, we can also calculate the nominal voltage of the cells. 

The nominal voltage versus cycle number plot for LiNi0.8Co0.2O2/ PVC–PEO–LiCF3SO3–DBP–EC: 

SiO2 / MCMB cell is shown in Fig. 4. The nominal voltage decreased quite significantly after the first 

discharge cycle and decreased slowly as the cycle number increases. The change in nominal voltage, 

which for a practically good battery does not, is probably due to the incomplete charging of the cell. 

Usually for a lithium ion cell, charging is done in two modes, i.e., the constant current and constant 

voltage mode. During the constant current mode the Li
+
 ions are forced to intercalate into the graphite 

layered structure and in the constant voltage mode, the Li
+
 ions are orderly intercalated into the remote 

parts of the intercalated layers. Incomplete charging not only gives the cell a lower capacity but also a 

lower nominal voltage, which fades quite quickly.  

The above analyses show that the cells discharge time and nominal voltage decreases with 

cycle number, which leads to a decrease in discharge capacity values. The capacity fading of the cells 

after cycling may be attributed to several reasons.  

To begin with, the decline in capacity is primarily due to the loss of interfacial contact between 

the electrodes and the polymer electrolyte, as a result of lattice change of the cathode active material 

during charge–discharge cycling. A considerable strain on the interface of a composite cathode is 
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believed to degrade the electrical contact between the surface of the insertion particles, and hence 

decrease the capacity during repeated cycling [17-19]. Deterioration of interfacial contacts with low 

ionic conductivity of polymer electrolytes (around 10
-4

 S/cm) gradually increases the internal 

resistance of the cells during cycling [20, 21].    

According to Kim et.al [22], an abrupt decrease in the discharge capacity is due to the 

delamination between the polymer electrolyte and the anode. This behavior is common for the 

electrolyte film prepared with a high polarity solvent due to the lower adhesion property.  

 

 

 

4. CONCLUSIONS 

PVC–PEO–LiCF3SO3–DBP–EC: SiO2 complex with 5 wt% of silica shows the the highest 

ionic conductivity value of 3.3210
-4

 S/cm at room temperature. The discharge capacity for 

LiNi0.8Co0.2O2/ PVC–PEO–LiCF3SO3–DBP–EC: SiO2 / MCMB cell at 1
st
 cycle is 50 mAh/g. In 

lithium ion cell, charging is done in two modes (constant current mode and constant voltage mode). It 

is found that the discharge capacity of the cells fades gradually with cycling.  
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