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Abstract - Solid polymer electrolytes (SPEs) have recently 
gained more research interest in the area of materials science 
due to their wide application range in energy 
storage/conversion devices like batteries, supercapacitors, 
solar cells and sensors.  A blend polymer electrolyte based on 
polyethyeleneoxide (PEO) and polyacrylonitrile (PAN) doped 
with Lithium Hexaflurophosphate (LiPF6) has been prepared 
by solution casting technique using Dimethyalformamide 
(DMF) as a solvent. The complex formation has been studied 
using X-ray diffraction (XRD). The decrease in intensity and 
broadness in peak revels the amorphous phase formation.  The 
dielectric study of PS films has been done which gives the two 
order decrement in relaxation time (i.e. 10-4 - 10-6) which is 
directly related to faster ion dynamics in polymer electrolytes. 
The analysis has shown the dielectric polarization at low 
frequencies. The dielectric peak has been observed to shift 
toward the higher frequency side with the addition of salt, 
suggesting the low sample viscosity and faster conduction of 
ions.  
Keywords: Conductivity, Dielectric Permittivity, Electrolyte, 
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I.INTRODUCTION

     Research on solid polymer electrolyte is focused since 
1973 when Wright [1] first time reported the ionic 
conduction in polymer/salt complex. At present solid 
polymer electrolytes are receiving great attention in order to 
meet the ever-growing demands of technologies ranging 
from portable devices and electric vehicles to energy 
storages. To develop the appropriate electrolyte/separator 
for energy storage devices there has been various 
approaches done over three decades [2]. The polymer 
electrolyte must have an advantage as flexibility, 
mouldability of shape and high electric properties for 
application purpose. There are various approaches that are 
being used as blending, copolymerization, composite 
formation to eliminate the crystallinity of the PEO-based 
electrolyte while upholding their required flexibility and 
mechanical stability. One of the most effective approaches 
has been made in the preparation of polymer blends which 
offers comfort preparation and easy control of physical 
properties within the compositional regime. Blended solid 
polymer electrolyte (SPE) systems obtained by the mixture 
of PEO with different polymers give rise to the reduced 
crystalline phase of the polymer. These could improve 
flexible amorphous content required for faster ion transport, 
thus exhibiting higher ionic conductivity in contrast to pure 
PEO complex polymer electrolytes [3]. 

 Polyethylene oxide (PEO) is the best candidate to use as 
a host polymer for SPE due to the benefits structure of PEO 
having ether group, also it provides the faster ionic 
transport. A focused requirement for a high conductivity of 
the polymer electrolyte demands easy dissolution and 
coordination of cation with host polymer. The polymer 
having a Lewis base, typically etheric oxygen, can serve to 
coordinate the cations, and leads to the dissolution of the 
salt. Polyethylene oxide is the semi-crystalline polymer 
possessing both amorphous and crystalline phases at 
ambient temperature range. It can solvate a wide variety of 
salts.  As the PEO is a linear polymer, the regularity of the 
structure of the unit allows a high degree of crystallinity [4]. 
Polyacrylonitrile (PAN) was chosen as a secondary polymer 
for making the blend polymer along with PEO for the 
present polymer electrolyte. PAN is a special conjugate 
polymer because of its high amorphous nature, which can 
permit faster ionic mobility, and it is easily soluble in PEO. 

     The conductivity of this solid polymer electrolyte 
depends on the molecular mobility and transport of ions. 
Dielectric properties (dielectric permittivity and dielectric 
loss) are also used for obtaining information about the 
characteristics of ionic interaction and relaxation time in 
polymer electrolytes. Dielectric relaxation is of particular 
interest in ionic conductivity, and the value of dielectric 
constant provide evidence of desolation of slat in polymer 
salt. [5]. In the present paper studies of  structural and 
dielectric properties on PEO-PAN + LiPF6 based solid 
polymer electrolyte and variation of dielectric permittivity 
and ac conductivity as a function of frequency have been 
carried out. Such properties could be helpful for finding a 
suitable electrolyte for energy storage devices.  

II.MATERIAL PREPARATION AND CHARACTERIZATION

Polymer blend-based solid electrolyte separator films
have been prepared by a standard solution cast technique 
reported elsewhere [6]. In this technique, appropriate 
amount of polyacrylonitrile (PAN; M/S Aldrich, average 
molecular weight 1.5×105,(USA); 0.5 gm.) and 
polyethylene oxide (PEO; M/S Aldrich, average molecular 
weight  6×105 ,(USA); 0.5 gm.), N,N-dimethylformamide 
(10 ml), (E-Merck Germany)  was used as solvent , Lithium 
hexaflorophosphate (LiPF6; Sigma Aldrich) as a conductive 
species. Although the addition of an appropriate amount salt 
by stoichiometric ratio has been calculated considering 
oxygen of PEO [6]. 
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     The XRD pattern of samples with different salt 
concentration is recorded at room temperature with an X-
ray diffractometer using Cu-Kα radiation (λ=1.5418 Å)) 
over a range (10o ≤ 2𝜃𝜃 ≤ 20° ) of diffraction angle. 
Dielectric properties were measured using electrochemical 
analyzer on a symmetric cell : SS|SPE|SS (SS stands for 
steel blocking electrodes) in frequency range from 1 Hz to 1 
MHz at AC input signal of ~20.0 mV applied across 
blocking electrodes. 
 

III. RESULT AND DISCUSSIONS 
 
     The XRD pattern of pure PEO-PAN blend polymer and 
LiPF6 (O/Li = 6, 8, 10) are shown in Fig. 1.The diffraction 
peaks of PEO are corresponding to 2θ~ 20°, 24°  and 
evidence of crystalline nature of PEO. Peaks at 2θ~13°, 21° 
are for PAN. Blend polymer shows a decrease in intensity 
of peaks which shows an increase in amorphous content as 
compared to Pure PEO and PAN [7]. With addition of salt 
three changes in peak due to coordination interaction 
between Li+ ion and ether Ö atoms. Blend polymer shows a 
decrease in intensity of peaks as compared to XRD of Pure 
PEO [8], PAN [9] and PEO-LiPF6 [10]. So blending of two 
polymer blends shows the absence of extra peaks than 
LiPF6 and PEO ad PAN which is evidence of an increase in 
amorphous content. It does not contain any XRD peak of 
salt suggesting complete salt dissolution in the polymer 
matrix via complexations [8]. 

Fig. 1 X-ray diffraction pattern of Pure PEO-PAN and O/Li = 6, 8, 10 
 

     As the salt concentration increase it can be seen that 
there are changes in 2θ from 24.79° → 24.65°  →  25.36° 
for PEO peak and similarly change in the peak for PAN 
from 13.51° → 13.38° → 13.94°.  So the angles 
2θ~ 20°, 24°   appear to be polymer crystallographic 
direction whereby and interaction of PEO and salt take 
place. Variation in intensity of peaks with an increase in salt 
concentration indicates an increase in a number of free ions 
for each salt concentration which leads to increase in 
conductivity [10]. Interaction of salt disturbs the crystalline 
region and increased amorphous phase of PEO-PAN and 
hence the intensity of peaks is reduced. It can be interpreted 
in terms of the criterion of Hodge et al. [11]. 

    The dielectric permittivity is the polarizing ability of 
material when an external field is applied on it and it lead to 
accumulation of bound charges in the materials. The 
externally applied field alters the orientation of electric 
charges and reorientation of dipoles may occur. As 
permittivity is a function of frequency so it is a complex 
quantity.  

𝜀𝜀∗ =  𝜀𝜀 ′ − 𝑗𝑗𝜀𝜀" 
 Where  

𝜀𝜀 ′ =  
−𝑍𝑍"

𝜔𝜔𝑐𝑐𝑜𝑜(𝑍𝑍′2 + 𝑍𝑍"2)
  , 𝜀𝜀" =  

𝑍𝑍′

𝜔𝜔𝑐𝑐𝑜𝑜(𝑍𝑍′2 + 𝑍𝑍"2)
 

 

     Here 𝜀𝜀 ′ is related to the stored energy within the medium 
and 𝜀𝜀"  is related to the dielectric energy loss of energy 
within the medium. Both parameters depend on the 
frequency and 𝜀𝜀" also depends on interaction among charge 
carriers.  

𝑡𝑡𝑡𝑡𝑡𝑡 𝛿𝛿 =  
𝜀𝜀"

𝜀𝜀 ′  
 

𝜎𝜎 ′ = 𝜔𝜔𝜀𝜀𝑜𝑜𝜀𝜀" 
 

𝑡𝑡𝑡𝑡𝑡𝑡 𝛿𝛿   is called as the dielectric loss tangent which is 
proportional to the loss of energy dissipated as heat from the 
applied field into the sample. Fig 2 show the variation of 
dielectric constant and tangent loss with frequency for 
different slat concentration. In all the cases, a strong 
frequency dispersion of permittivity is observed and 
frequency independent behavior is seen in high frequency. 
The decrease of dielectric constant with an increase of 
frequency may be attributed to electrode polarization effect 
and dielectric relaxation at high frequencies. At lower 
frequency electrode polarization dominates and permittivity 
is high. With the addition of salt and in pure PEO-PAN 
almost same behavior is seen, that high permittivity at low 
frequency and independent of a higher frequency. The effect 
of salt results in an increase in conductivity due to an 
increase of a number of free ions. Also we can see the 
presence of a peak in tangent loss curve and it may be due 
to the presence of relaxing dipoles in in all samples. The 
tangent loss peaks shifts toward the high frequency side 
with the addition of salt. This peak shifting is direct 
evidence of a reduction in relaxation time and fast 
segmental motion of polymer increase the conductivity.  
 

     Figures 3 show the logarithmic plot of the conductivity 
as a function of frequency for the PNC films at room 
temperature (30 °C). At 30 °C, the spectrum for σ’ shows 
two frequency regions: (1) a frequency independent region 
at a lower frequency, (2) followed by a high frequency 
dependent region. The observation mentioned in (1) is due 
to electrode polarization or space charge polarization effect 
and is a fundamental characteristic of an ionic conductor. In 
region (1), the lowering in frequency decreases the 
conductivity value. It is because at lower frequencies, 
accumulation of more charge occurs at the interface 
between electrode electrolytes and increase in time for ionic 
motion leads decrease in conductivity value. This 
phenomenon becomes dominant at high temperature due to 
increase in mobility of charge carriers. 
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Fig. 2 VARIATION of dielectric constant and tangent loss with frequency for different salt concentration 

 
 

Fig. 3 Variation of imaginary part of permittivity and ac conductivity with frequency for different salt 
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At low frequency the applied electric field forces the charge 
carriers to drift over large distances and increase in tome for 
ionic motion takes place which directly affects the 
conductivity value. It is observed from the figure that both 
real and imaginary parts of dielectric constants as well as 
dielectric loss of the samples have been decreased 
exponentially with frequency and showed the frequency 
independent behaviour at a higher frequency. The higher 
value of dielectric loss at a lower frequency is due to free 
charge motion in polymer electrolytes. In the high 
frequency region, σac increase with increasing frequency, 
primarily due to the dielectric contribution. It refers to the 
region in the conductivity spectrum where strong frequency 
dependence of conductivity is a generally observed. The 
slope of the low frequency dispersion curve is different for 
pure PEO-PAN and O/Li = 6, 8, 10. The decrease of 
relaxation time from 10-6 to 10-4 with an increase in salt 
content shows enhancement of ac conductivity. 
 

IV.CONCLUSION 
 
     Solid Polymer blend electrolytes consisting of 
Polyethylene oxide (PEO) as host polymer and lithium 
hexafluorohosphate (LiPF6) as salt have been prepared by 
solution cast technique. The sample was prepared by taking 
a different concentration of O/Li ratio i.e. (O/Li =0, 6, 8, 10) 
and structural and dielectric properties are studied. At low 
frequency, the variation of dielectric constant shows 
polarization effect. Shifting of tangent loss peak suggests 
the presence of relaxing dipoles and reduction in relaxation 
time. Conductivity is dependent on lower frequency and 
frequency independent region at a higher frequency. 
Decrease in relaxation time with the addition of salt shows 
enhancement in conductivity. 
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