
 

5 XII December 2017



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                                ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor :6.887 

            Volume 5 Issue XII December 2017- Available at www.ijraset.com 
     

 
1455 ©IJRASET (UGC Approved Journal): All Rights are Reserved 

Electrical Characterisation of Polymer Blend Elec-
trolyte System Doped with SiO2 

 V. Balasubramanyam Achari1 

1Department of Physics, Govt. Degree & PG College, Puttur, Affiliated to S.V.University ,Tirupati,India-517501. 

Abstract: Composite polymer blend electrolyte system based on polyvinyl alcohol (PVA) and polyethylene glycol (PEG) com-
plexed with NaIO4 was prepared using solution cast technique. The effect ofnano sized silica (SiO2) on the properties of Sodium 
ion conducting electrolyte was studied.  The structural properties of these electrolyte films were examined by XRD studies. The 
XRD data revealed that the amorphous domains of polymer blend matrix increased with addition of nano particles. DC conduc-
tivity of the films was measured in the temperature range 303–398 K. The electrical conductivity increased with increasing 
dopant concentration, which is attributed to the formation of charge transfer complexes. The polymer complexes exhibited Ar-
rhenius type dependence of conductivity with temperature. It was found that addition of  SiO2significantly improved the ionic 
conductivity. The total ionic transport number was evaluated by means of Wagner’s polarization technique .Transport number 
for Sodium ion is ranged from 0.94 to 0.98 depending on the composition. 
Keywords : Polymer blend electrolyte, DC conductivity, Transport number, Nano particle 
 

I. INTRODUCTION 
Solid polymer electrolytes have recently received considerable attention in view of their wide potential applications in various elec-
trochemical devices such as solid state batteries, sensors, fuel cells, super- capacitors, electro chromic display devices etc. [1-3]. 
However, the low ionic conductivity of solid polymer electrolytes at ambient temperatures has limited their potential applications. 
The major efforts in this field have remained concentrated in developing new polymer electrolytes having high ionic conductivity 
and high mechanical, thermal and electrochemical stability [4-6].Various investigations have been performed by blending of poly-
mers, cross linking, insertion of ceramic fillers and plasticization in order to enhance the ionic conductivity [7-8].The main advan-
tages of the blend based polymer electrolytes are simplicity in preparation and easy control of physical properties by compositional 
change. Polymer blends often exhibit properties that are superior to the individual component polymers[9-10]. 
Most of the recent research efforts to improve the room temperature conductivity without the fall of mechanical and potential stabil-
ity have been directed towards the addition of nanoscale ceramic fillers such as SiO2,Al2O3,TiO2 and CeO2 into polymer electro-
lytes[11-12].The nanosize fillers interact with the cations and anions and provide additional sites creating favourable high conduct-
ing pathways in the vicinity of filler grains for the migration of ions [13].The particle size of the filler is also expected to have a 
wide influence on the ionic conductivity of the composite polymer electrolytes. The conductivity increases with decrease in particle 
size i.e., increasing specific surface area of the ceramic fillers. In the present investigation, nano composite polymer electrolytes 
composing of PVA/PEG as host  polymer ,NaIO4 as a salt and SiO2 as nano particle have been prepared .we report here  the results 
of our investigation on the ionic conductivity, transport and electrochemical nature of polymer blend electrolyte films.  
 

II. EXPERIMENTAL 
Films (thickness ~100 µm) of pure blends of PVA+PEG  and various compositions of complexed films of (PVA + PEG) with 
NaIO4salt were prepared in the weight percent ratios (47.5:47.5:5), (45:45:10),(42.5:42.5:15) and (40:40:20) by solution cast tech-
nique using tetrahydrfuranas a solvent. SiO2was used in small quantity (2 wt%) as a nano particle in these films.The solutions were 
stirred for 10-12 h to geta homogeneous mixture and were then, cast onto polypropylene dishes and evaporated slowly at ambient 
atmosphere. The final product was vacuum dried thoroughly  
In order to investigate the nature of these polymer blend electrolyte films, X-ray diffraction studies were carried out usingHLG4/B-
PC X-ray diffractometer with Cu K radiation and graphite monochromator at room temperature. The dc conductivity was meas-
ured by means of an in-house conductivity set-up [14] in the temperature range303-398K.The total ionic transport number was 
evaluated by means of Wagner’s polarization technique [15].in this technique, freshly prepared polymer electrolyte films were po-
larized in the configuration Na/polymer electrolyte/C under a dc bias(step potential of 1.5V). The resulting current was monitored as 
a function of time. 
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III. RESULTS AND DISCUSSION 
A.  X-ray diffraction  
 
 

 

 

 

 
 
 
 

 
 
 
 

Fig 1. XRD patterns of(a) Pure PVA+PEG(b)  PVA+PEG++NalO4 (47.5 :47.5 :5)(c)  PVA+PEG+NalO4 +SiO2  (47.5 :47.5 :5)(d)  
PVA+PEG+NalO4 (42.5 :42.5 : 15) (e)  PVA+PEG+NalO4 +SiO2  (42.5 :42.5 :15)(f)   NalO4 salt. 

Fig. 1 shows the XRD patterns of (PVA+PEG+NaIO4),PVA+PEG+NaIO4plasticizer and pure  NaIO4 films. Figure 1(a–f) shows 
peak intensity at 2θ = 200for pure blend film. The intensity of this peak decreases with increasing concentration of NaIO4 which 
implies decrease of degree of crystallization and increase of amorphous nature. Hodge et al [16] established a correlation between 
intensity of the peak and degree of crystallinity. The peaks exhibit further decrease in intensity at higher concentrations of NaIO4 
salt in the polymer. This indicates a decrease in the crystalline phase with lowering of crystallite size of the polymer electrolyte. The 
crystalline peaks of 2θvalues at 15 and 620 corresponding to NaIO4are absent in nanocomposite polymer bend complexed films. 
This amorphous nature results in greater ionic diffusivity and highionic conductivity, which can be observed in amorphous polymers 
having flexible back-bone [17-18]. This behaviour demonstrates that complexation between PVA,PEG,NaIO4and nano particle oc-
curs and takes place in the amorphous region 

B. Temperature dependent DC conductivity 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Fig  2. Temperature dependent conductivity of(a)  (PVA+PEG)(50:50)(b)  PVA+PEG++NaIO4 (47.5 :47.5 :5)(c)  
PVA+PEG+NaIO4  +SiO2  ( 47.5 :47.5 :5)(d)  PVA+PEG+NaIO4(42.5 :42.5 : 15)(e)  PVA+PEG+NaIO4 + SiO2  (42.5 :42.5 :15) 
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Fig. 2 shows the variation of dc conductivity as a function of inverse temperature for  different composition of (PVA+PEG+NaIO4) , 

(PVA+PEG+NaIO4+SiO2) polymer electrolyte in the temperature range of 303-398 K. From the plots it is clear that the conductivity 
is found to increase with increase of temperature in polymer blend  as well as in all the compositions of (PEA+PEG+NaIO4) poly-
mer electrolyte. With the addition of nanoparticles ,the conductivity was found to increase when compared to  NaIO4 doped films. 
Nanoparticles penetrates the polymer matrix and establish attractive forces with the chain segments, these attractive forces reduce 
the cohesive force between the polymer chains and increases the segmental mobility ,which enhance the conductivity and the dis-
charge time. The increase in degree of ionic segmental mobility and interaction between Na ions and the polymer chains induced the 
higher ionic conductivity in polymer electrolyte system. The particle size of SiO2also influences the kinetics of polymers chain. This 
promotes localized amorphous regions and thus enhance the Na ions transport in the amorphous polymer electrolytes[19].The tem-
perature –dependent conductivity  plots follow an Arrhenius behaviour throughout with two regions having different activation en-
ergies. Similar behaviour has been observed in a number of other polymer blend electrolyte films [11, 20]. 
The conductivity σ may be expressed as 

                                              σ=σoexp(-Ea/kT)    ......... (1) 
where σ0 is the pre-exponential factor, Ea, the activation energy, k, the Boltzmann constant and T is the absolute temperature. 
The increase in the conductivity with temperature plots may be attributed to the transition from crystalline/semi-crystalline phase to 
amorphous phase. The increase in conductivity with temperature is interpreted in terms of a hopping mechanism between coordina-
tion sites, local structural relaxation and segmental motion of polymer [21]. As the amorphous region increases, however, the poly-
mer chain acquires faster internal modes in which bond rotations produce segmental motion. This, in turn, favours the hopping inter-
chain and intra-chain movements, and the conductivity of the polymer thus becomes high [22]. The activation energies evaluated 
from the slopes of log σ versus 1000/T plots, for both the regions are given in the Table 1. From the table it is clear that the activa-
tion energies in both the regions decrease with the increase of salt concentration in all the samples. Increase in the electrical conduc-
tivity and decrease in the activation energy values of polymer electrolytes can be explained on the basis that the polymer films are 
known to be a mixture of amorphous and crystalline region and the conductivity behaviour of such films may be dominated by the 
properties of the amorphous regions. 

Table 1.DC conductivity and Activation energies of (PVA+PEG+NaIO4) polymer electrolyte system at different temperatures 

 
 
Polymer Electrolyte sys-
tem (wt %) 

Conductivity(Scm-1) Activation Energy(Ea) 

 
303 K 

Region I  
(eV)  

Region II 
( eV) 

PVA+PEG  
(50:50)  

3.05×10-8 
0.67 0.53 

PVA+PEG+NaIO4 
(47.5 :47.5 :5)  

1.48×10-7 
0.60 0.40 

PVA+PEG+NaIO4 + 
SiO2(47.5 :47.5 :5)  

6.47×10-7 0.49 0.28 

PVA+PEG+NaIO4 
(42.5 :42.5 :15)  

1.68×10-6 
0.37 0.23 

PVA+PEG+NaIO4+SiO2 
(42.5 :42.5 :15)  

2.51×10-6 0.34 0.23 

C. Transference numbers  
The conductivity measurements are inadequate if performed without the information on the possible type of charge carriers. The 
transference numbers corresponding to ionic (tion) and electronic (tele) transport were evaluated using the Wagner’s polarization 
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technique [14]. In this technique, the current is monitored as a function of time on the application of a fixed DC potentialof 1.5 V 
across the cell. The transference numbers were calculated using the following equation 
 

tele = is/it      .......... (2) 

s
ion

T

it 1
i

     .......... (3) 

where Ii is the initial current and If is the final residual current. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
Fig.3 Current vs time plots of(a)  PVA+PEG+NalO4 (47.5:47.5:5) (b)  PVA+PEG+NalO4 +SiO2  (47.5:47.5:5)(c)  

PVA+PEG+NalO4 (42.5:42.5:15) (d)  PVA+PEG+NalO4+SiO2(42.5:42.5:15) 
 

Figure 3 shows the variation of current as a function of time upon the application of a DC voltage of 1.5 V across the 
(Na/electrolyte/C) cell. The transference numbers evaluated from the plots are given in Table 2. The ionic transference number was 
found to be in the range 0.94–0.98 in these polymer electrolyte systems. This suggests that the charge transport in these polymer 
electrolytes is predominantly due to ions, with negligible contribution from the electrons. 

Table 2: Transference numbers of NalO4 doped (PVA + PEG) polymer blend films. 

 
 
Polyblend electrolyte 

 
Transference num-
bers 

t
ion

 t
ele

 

PVA+PEG+NalO4 (47.5 :47.5 :5)   0.94 0.06 

PVA+PEG+NalO4+ SiO2 (47.5 :47.5 :5) 0.95 0.05 

PVA+PEG+NalO4 (42.5 :42.5 : 15)   0.97 0.03 

PVA+PEG+NalO4+SiO2(42.5 :42.5 :15) 0.98 0.02 

 
Nanocomposite polymer electrolytes thus offer an interesting alternative to other reported electrolyte system for room temperature 
solid –state batteries [23-25]. 
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IV. CONCLUSIONS 
The introduction of salts and nanoparticles has proved to be a convenient method to increase the ionic conductivity at ambient tem-
peratures. The value of activation energy decreases with increasing do pant concentration and nanoparticles. The nanocomposite 
electrolyte films exhibit better performance, which indicates that such electrolytes are more suitable for fabricating sold-state batter-
ies. The XRD study reveals the amorphous nature of the polymer electrolytes. The charge transport in these polymer electrolytes is 
predominantly due to ions, with negligible contribution from the electrons. 
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