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Abstract: This is a novel approach to get polyblend films with 

improved properties such as ionic conductivity and dielectric 

strength.  Different ratios of PEG (5%, 10%, 15%, 20%, 25%, 

30%) are added with optimized  PVA: PVP  ratio. PVA: PVP: PEG 

based BPEs are prepared by using solution casting method. The 

polymer PEG act as a plasticizer and chemically stable in air.The 

prepared electrolytes are characterized by XRD, FTIR and ionic 

conductivity studies. The XRD analysis shows amorphous nature 

of the polyblend electrolytes. Dielectric analysis is carried out for 

the BPEs. The higher conductivity is obtained for 20% PEG added 

polyblend electrolytes and it is 9.0x10-9 S/Cm. Thus, PVA: PVP: 

PEG (40:40:20) system is confirmed as optimized one for further 

studies to enhance the ionic conductivity. 

 
Keywords: PVA, PVP, PEG, XRD, Conductivity, Polyblend 

electrolyte.  

I. INTRODUCTION 

The polymer electrolytes system presents an unique 

opportunity for the future of energy storage like batteries, 

super capacitors, solar cell, and fuel cell and so on [1-2]. The 

improvement of polymer system is needed to develop the 

energy storage devices. So researchers are worked to get a 

new polymer system which having a high ionic conductivity, 

good electrical and mechanical strength [3]. Various methods 

are used to enhance the ionic conductivity of the polymer 

electrolytes such as block copolymers, blending polymers, 

addition of plasticizer, and addition of inert fillers and so on. 

Literature survey has revealed that most of the work reported 

on polyblend films such as PEO:PVA [3], PANI :PEG [4], 

combinations are attended to enhance the properties of 

polyblend films[5-6]. Synthesis of new materials with a wide 

variety of properties is possible by using the technique of 

Polymer blending. A physical mixture of different polymers is 

known as polymer blending [3]. It is a low cost way to 

produce a new material with using of already existing 

polymers. PVA is one of the polymer in this work because of 

it has a high dielectric and tensile strength, good in 

mechanical, electrical properties [7]. PVP is another polymer 

in the combination and it is selected due to good 
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environmental stability, easy process ability and moderate 

electrical conductivity [8]. The various ratio of PEG is added 

to PVA: PVP matrix. The added PEG can act as a plasticizer 

with film forming polymer and chemically stable in air [9]. 

 In this present work, we have investigated the dielectric 

properties and ionic conductivity of prepared polyblend films. 

The prepared electrolytes are characterized by XRD, SEM 

and AC-impedance analysis.  

II.  EXPERIMENTAL PROCEDURE 

Polymers PVA and PVP are maintained at equal ratio. 

Along with different ratio [47.5:47.5:05, 45:45:10, 

42.5:42.5:15, 40:40:20 and 37.5:37.5:25] of PEG is added. 

Distilled water is used as  solvent  throughout the experiment. 

At room temperature, the samples have been prepared by first 

dissolving PVA in water and PVP is added to PVA solution 

with stirring until get  homogeneous solution. Finally PEG is 

added to PVA:PVP solution and stirred to get a homogeneous 

solution. The prepared PVA:PVP:PEG solution was poured 

into Petri dishes and placed at room temperature without 

disturbance to evaporate the solvent. After 3 days, the films 

have been peeled from petri dishes. 

III. CHARACTERIZATION OF THE POLYBLEND 

ELECTROLYTES 

X-ray diffraction pattern of the films was recorded using Cu 

Kα (λ = 1.5406 Å), Bruker made X-ray diffractometer. FTIR 

studies of the films were recorded using Shimadzu-IR 

Affinity-1 spectrometer instrument in the wavenumber range 

of 400cm
−1

–4000 cm
−1

. The morphology of the blend 

polymer electrolytes was carried with Carl ZEISS EVO 18 

scanning electron microscope. Ionic conductivity 

measurement is made in the range of 42 Hz –1MHz at room 

temperature by using HIOKI 3532-50 LCR HI-TESTER 

Impedance analyzer. 

IV. RESULTS AND DISCUSSION 

A. XRD-studies 

The XRD pattern of prepared polyblend electrolytes is 

shown Fig.1. The XRD pattern of PVA:PVP:PEG blend 

polymer electrolytes show amorphous nature. While polymer 

PEG is added to the PVA:PVP electrolyte, the crystalline 

nature of the film decreases.  

 

 

The broad peaks around 180 - 240 is due to semicrystalline 

polymer PVA and around 290 is due to presence of polymer 

PVP [8, 10]. The addition of PEG 

polymer at various weight percent 

induces the decrease in intensity 

Electrical Properties of PVA:PVP:PEG based 

Blend Polymer Electrolytes 

M. Vahini, M. Muthuvinayagam, K. Sundaramahalingam  



 

Electrical Properties of PVA:PVP:PEG based Blend Polymer Electrolytes 

292 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  

Retrieval Number: B12031292S219/2019©BEIESP 

 DOI: 10.35940/ijitee.B1203.1292S219 

 

 

of PVA:PVP blend  polymer electrolyte. The crystallinity of 

polymer electrolyte decreases which are observed by addition 

of PEG. PVA:PVP :PEG (40:40:20) system has maximum 

suppressed peak and increased  amorphous nature.  

 
Fig.1 XRD pattern of PVA: PVP: PEG a)47.5:47.5:05 

(b)45:45:10  (c) 42.5:42.5:15 (d)40:40:20 and (e) 

37.5:37.5:25 

B. SEM-analysis 

    
(5%)                                    (10%) 

     
(15%)                                  (20%) 

 
(25%) 

Fig.2 SEM images of all polymer electrolytes with 

different ratios of PEG (5,10,15,20 and 25) 

Fig. 2 shows SEM images of the polyblend electrolyte 

films. The miscibility of the polymers are clearly observed in 

the morphology images. The addition of PEG with PVA:PVP  

creates the porous nature which is used to enhance the 

disorderness [11]. The change in the morphology of the films 

are maximum observed for 20% of PEG added system. After 

that, the film has decreased  disorderness which is coincident 

with XRD studies. Increase of smoothness reflects increase of 

amorphous nature. PEG has good compatibility and it can be 

mixed uniformly alongwith PVA:PVP polymer matrix [12].  

C. AC-Impedance studies 

Conductivity studies 

 

 
Fig.3 Cole-Cole plot of  PVA:PVP:PEG polyblend films 

The conductivity of the polyblend films are calculated by 

using bulk electrical resistance (Rb), thickness (t) and area 

(A) of the film. The relation among thickness, area and bulk 

electrical resistance is, 

Conductivity ( , the value of Rb is extracted from Cole-Cole 

plot by using Z-view software. The Cole-Cole plot of the 

prepared polyblend films are shown in the Fig 3. The 

semicircle at high frequency is observed due to parallel 

combination of ionic migration and bulk polarization. Due to 

the solid state diffusion, the straight line is obtained at end of 

the semi –circle in Cole-Cole plot[13]. Among the system, the 

maximum conductivity is obtained for 

40PVA:40PVP:20PEG polyblend film. The conductivity of 

the prepared system is shown in  table.I 

 

Table .I Conductivity values for prepared polymer 

electrolytes 

PVA: PVP: PEG system Conductivity (S/cm) 

47.5:47.5:05 8.31× 10
-10

 

45:45:10 1.06× 10
-9

 

42.5:42.5:15 4.78× 10
-9

 

40:40:20 9.00× 10
-9

 

37.5:37.5:25 1.80× 10
-9

 

 

Dielectric studies 

The amount of energy stored by materials which is explained 

by using dielectric studies. The dielectric response is 

generally denoted by the complex permittivity, Ɛ*(ω) 

=Ɛ՛(ω)-Ɛ՛՛(ω) where, Ɛ՛(ω) – real and Ɛ՛՛(ω) – imaginary 

components storage and loss of energy. Both dielectric 

storage and loss are maximum at low frequency and relatively 

constant at high frequency.  

The observed variations in dielectric spectrum which are due 

to the interfacial effects between electrode and electrolyte 

film [13,15]. Due to the inability of electric dipole to comply 

with of applied field, dielectric constant gets decreases as 

frequency increases [16]. Fig.4 and Fig.5 shows the dielectric 

constant and loss spectrum of prepared polyblend 

electrolytes. Due to the no excess 

ion diffusion at high frequency, 

the dielectric constant and loss 
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gets decrease at high frequency region. 

 
Fig.4 Dielectric constant spectra of PVA:PVP:PEG 

polyblend films 

 

 
Fig.5 Dielectric loss spectra of PVA:PVP:PEG 

polyblend films 

Modulus spectrum 

 
Fig.6 Real part of modulus spectra  of PVA:PVP:PEG 

polyblend films 

 
Fig.7 Imaginary part of modulus spectra of 

PVA:PVP:PEG polyblend films  

Complex modulus spectra are shown in the Fig.6 & Fig.7. The 

interaction between electrode polarization and grain 

boundary can be discussed by using modulus spectrum. The 

complex modulus is generally denoted as M* = M՛ +j M՛՛. The 

real (M՛) and imaginary (M՛՛) parts of modulus can be 

expressed using dielectric permittivity. Due to the electrode 

polarization, the decreases in the M՛ values at low frequency 

are obtained. The imaginary part of modulus has maximum 

value at low frequency and it gets decrease in the high 

frequency due to relaxation process in the system [17]. 

 

Concentration dependent conductivity 

 
Fig.8 Conductivity with respect to concentration of  PEG 

The conductivity of the PVA:PVP polyblend film is 

enhanced by addition of PEG. The increased amorphous 

nature and enhanced smooth morphology is obtained by 

addition of  20% of PEG. It is confirmed in XRD studies and 

SEM analysis. Polymer PEG can act as a plasticizer. The 

presence of oxygen atom in polyether chain acts as an electron 

acceptor[15]. The dipolar molecules can be able to orient 

more easily in amorphous phase. The dielectric properties of 

the prepared systems are also improved with effect of PEG. 

The enhancement in the properties of the PVA:PVP 

polyblend film is achieved upto addition of  20%PEG. The 

increase in conductivity of polyblend film with respect to 

concentration of PEG is shown in the Fig.8 
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V. CONCLUSION 

The solid polyblend electrolytes based on PVA, PVP with 

PEG was successfully prepared by solution casting technique 

and it is studied. Among the prepared systems, PVA: PVP: 

PEG (40:40:20) polyblend electrolyte is optimized by various 

characterization techniques such as XRD, SEM and 

AC-Impedance studies. The enhancement in the amorphous 

nature, conductivity, smooth morphology and dielectric 

properties of PVA:PVP polyblend films are achieved by 

addition of PEG polymer. The maximum conductivity of 

9.00× 10-9 S/cm is obtained for optimized polyblend 

electrolyte PVA:PVP:PEG (40:40:20)  at room temperature. 

This optimized electrolyte can be futhur used to improve the 

ionic conductivity.  
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