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International Journal of Polymer Science has retracted the
article titled “Spectroscopic and Electrochemical Properties
of ð1� xÞ[PVA/PVP] : x [MgCl2{6H2O}] Blend Polymer Elec-
trolyte Films” published in International Journal of Polymer
Science in 2018 [1] due to figure duplication.

The journal initially received a request from the authors to
correct Figures 1 and 2. During our assessment of the revised
figures, it was identified that Figure 2 was a manipulated
version of the original Figure. A further revised figure was
also a duplicate of another previously published figure.

Following a reassessment of the published figures, the
following issues were identified:
(i) Figure duplication in Figure 1 in [1] with Figure 1
from [2]. In [1], the data is described as X-ray dif-
fraction patterns of pure PVA/PVP blend polymer
and with different wt% ratios of MgCl2·6H2O, while
in [2] the data is described as the X-ray diffraction
pattern of PVA/PVP:GO

(ii) Figure duplication in Figure 2B in [1] with Figure 2E
from [3]. In [1], the data is described as the SEM
images of [PVA/PVPMgCl2·6H2O]: x% with dif-
ferent wt% compositions, while in [3] the data is
described as SEM images of different compositions
of [PVP+MgCl26H2O]: x%.

(iii) Figure duplication in Figure 2D in [1] with Figure
3D from [4]. In [1], the data is described as the
morphological surface of [PVA/PVPMgCl2·6H2O]:
x% with different wt% compositions, while in [4], the
SEM images are of pure PVP and PVP+MgSO47H2O
with different wt% ratios
The authors responded to our concerns, however a satis-
factory explanation was not provided.

We also asked the authors institutions to formally inves-
tigate. KL University responded to confirm the duplications
but informed us that the accurate versions were published
in [1], with the errors existing in the other publications;
[2–4]. The corrections to these articles have since been
published at [5–7], however, this article is being retracted
due to concerns with the data. The authors do not agree
to the retraction.
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Blend polymer electrolytes were prepared with different wt% compositions of [PVA/PVP-MgCl2⋅6H2O] :𝑥% using solution cast
technique. Structural, morphological, vibrational, thermal, and ionic conductivity and electrochemical properties were studied on
the prepared polymer films. XRD revealed the crystalline nature of the polymer electrolyte films. The morphology and the degree
of roughness of the prepared films were analyzed by SEM. FTIR and Raman studies confirmed the chemical complex nature of
the ligands, interlinking bond formation between the blend polymers and the dopant salt. The glass transition temperature (𝑇𝑔)
of polymer electrolytes was confirmed by DSC studies. Ionic conductivity measurements were carried out on the prepared films
in the frequency ranging between 5000Hz and 50000KHz and found to be maximum (2.42 × 10−4 S/cm) for the prepared film
with wt% composition 35PVA/35PVP : 30MgCl2⋅6H2O at room temperature. The electrochemical studies were also performed
on the prepared films. The galvanostatic charge/discharge performance was carried out from 2.9 to 4.4V for the configuration
Mg+/(PVA/PVP + MgCl2⋅6H2O)/(I2 + C + electrolyte).

1. Introduction

Over the past few decades, batteries are a primary source for
high energy density. They play an important role in energy
storage device applications [1, 2]. Blend polymer electrolytes
with complex nature of organic or inorganic salts have been
analyzed to prepare energy devices, as they have potential
and electrochemical properties [3]. These can be used in
many industrial and energy storage device applications such
as solid state batteries, fuel cells, and electrochromic display
devices/smart windows [4, 5]. One of the main objectives is
to develop the blend polymer systems with enhanced ionic
conductivity. There are several strategies in solid polymer
electrolyte (SPE) systems to suppress the crystalline nature.
Polymers can be classified in to subgroups like block copoly-
mers [6, 7], polymer blends [8, 9], cross-linked polymer net-
works [10, 11], and comb-branched copolymers [12–15]. Blend

polymer electrolytes were used in the fabrication of electro-
chemical cells and thin film solid state batteries. Due to low
negligible hazardsmagnesium rechargeable batteries are used
now a days in many applications such as microbatteries and
energy storage devices. They can be operated safely at room
temperature [16, 17].

Blending of polymers is one of the promising methods
which are used in wide variety of applications such as energy
storage devices, electrochemical cells, fuel cells, and humidity
sensors, to attain high ionic conductivity. In recent years,
research on blending of polymers has given a fascinating
change in the pharmaceutical and industrial practice due to
their desired properties. Blending of polymers with suitable
organic and inorganic salt can give better improvement in
ionic conductivity which can lead to the same order of ionic
conductivity for the salt doped single polymer.However, their
ionic conductivity is usually limited by segmental mobility
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and concentration of charged carriers. Some of the plasticiz-
ers such as propylene carbonate (PC) and ethylene carbonate
(EC) and inorganic nanofillers have been incorporated into
the polymer blend electrolytes to increase the flexibility or
plasticity of the polymers as well as to enhance the ionic
conductivity to be comparable to the lithium electrolytes.
Ion transport mechanism in the polymer electrolytes is one
of the key notes to understand how the enhancement of
ionic conductivity through host polymer matrix takes place.
Different methods have been used to increase the ionic
conductivity, such as cross-linking of two polymers, adding
of plasticizers to polymer electrolytes, adding inorganic
inert fillers, and blending two polymers. Certain problems
arise when fabricating polymer films with improved ionic
conductivity like high cost, ease of film formation, and less
durability of battery. To overcome these problems polymer
blends have been prepared. In general polymer blends should
be completely soluble in the proper solvent but differ in
chemical structure which cause miscibility problems at a
molecular level. However, the film properties depend upon
the miscibility of the components of the blend.

The complex nature of polymer blends is physically
similar but structurally different and has interlinking with
hydrogen bonding, ionic and dipole interactions. By mixing
two polymers the ionic conductivity can be easily increased.
Moreover the physical and mechanical properties of the film
depend upon the miscibility of the polymer blend such as
charge transfer complexes for homopolymer mixtures [18].
In the present investigation blend polymers like polyvinyl
alcohol (PVA) and polyvinyl pyrrolidone (PVP) were cho-
sen because of their excellent physical, mechanical, and
electrochemical properties. Of all the polymers PVA is the
most extensively studied one as it has multiple potential
applications. It is used as an electrode material in secondary
batteries and microelectronics and also as an electrochromic
display material [19, 20]. PVP polymer is made up of
several branches of monomers and it is also known as N-
vinylpyrrolidone. PVP is easily soluble in ionized water, has
excellent wetting properties, and readily forms films [21, 22].
Polyvinyl alcohol is an exceptional polymer having high
electrical, optical, and mechanical properties. PVA has high
tensile strength, good charge storage capacity, and excellent
film forming nature. PVA and PVP polymers are ecofriendly
and biodegradable polymers. Because of their polar groups,
they are easily soluble in water as well as in organic suitable
solvents. The purpose of this work is to attain high ionic
conductivity and stabilized electrochemical properties from
the blend polymer electrolytes by the dissolution of inorganic
salt in the host lattice. The prime novelty of this investigation
is to develop and characterize the prepared blend polymer
electrolytes with improved physical and electrical properties
at laboratory scale. Cost effective solution cast technique is
used for the preparation of polymer electrolytes in order to
develop conventional alternative sources of energy [23].

Magnesium metal (Mg2+) is a very important element,
easily available in the earth crust, and much cheaper than
lithium (Li+). Magnesium metal can be used as an anode
material for solid state batteries. The ionic radii and mag-
nitude of magnesium metal are less when compared to

lithium. Moreover magnesium metal is more stable, less
toxic, nonexplosive, and can be handled safely in oxygen
and humid atmosphere. Magnesium chloride hexahydrate is
easily soluble in water and it can be used as a binary agent
in pharmaceuticals, industrial, agriculture purposes, and so
on. From the literature survey it was confirmed that the
study on blend polymer with the complexation of inorganic
salts for the fabrication of electrochemical cells is scarce. The
main objective of the present investigation is to prepare a
solid polymer electrolyte film using PVA/PVP polymer blend
with different wt% ratios of MgCl2⋅6H2O., that is (45/45 : 10,
40/40 : 20, 35/35 : 30). The prepared films were characterized
by X-ray diffraction (XRD), scanning electron microscopy
(SEM), Fourier transform infrared spectroscopy (FTIR), dif-
ferential scanning calorimetry (DSC), Raman spectroscopy,
AC impedance spectroscopy, and cyclic voltammetry (CV)
studies.

2. Experimental

2.1. Sample Preparation. The chemicals used in the present
investigation are magnesium chloride hexahydrate (99.5%
purity) with molecular weight 203.30 and nitrate (NO3

−):
≤0.001%; polyvinyl alcohol (PVA): average molecular weight
= 89,000–98,000 and molecular weight of repeat unit:
44.00 g/mol; and polyvinyl pyrrolidone (PVP): average
molecular weight = 36,000–40,000 andmolar mass of PVP is
112.88902 ± 0.00010 g/mol. All chemicals used in the present
investigation were purchased by us from Sigma Aldrich
chemicals Ltd., India. Blend polymer electrolyte films were
prepared in differentwt% ratios (90 : 10, 80 : 20, and 70 : 30) by
dopingmagnesium chloride hexahydrate in the host polymer
by solution cast technique. Stir all the mixtures till the poly-
mers get dissolved in water for 48 hrs. Finally the obtained
composite solution was poured in polypropylene dishes and
placed in hot air oven at 70∘C. A fine nanocomposite polymer
thin film was obtained. The prepared film was kept in a
desiccator until further test.

2.2. Characterization. X-ray diffraction (XRD) studies were
performed by using a Philips analytical X’pert diffractometer
in the diffraction “2𝜃” angular range 10–70∘ with nickel
filtered CuK𝛼 radiation (𝜆 = 1.5403 Å). Fourier trans-
form infrared (FTIR) spectra were recorded with the help
of a Perkin Elmer Alpha-E Spectrophotometer and heater
coil of the furnace recorded in the wavenumber range
650–4000 cm−1. The thermal analysis and heat flow in a
sample were measured by differential scanning calorime-
ter (DSC), Q-2920, TA and which gives the information
about the quantitative and qualitative analysis. Morpholog-
ical studies were carried out on the prepared samples with
different resolutions by using FE-SEM, Carl Zeiss, Ultra 55
model. The complex formation between the polymer and
the salt was characterized by a Nano finder 30 SOLAR TII
laser Raman spectroscope. The impedance measurements
of the prepared films were carried out in the frequency
ranging between 5000Hz and 50000KHz on HIOKI 3532-
50 LCR Heister. Solid state battery has been fabricated
with the configuration Mg+(anode)/polymer electrolyte/(I
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Table 1: FWHM, AC conductivity, and transport values of polymer electrolyte films for different wt% ratios.

Blend polymer films FWHM values (nm)

AC conductivity values of
(PVA/PVP + MgCl2⋅6H2O)
polymer electrolyte system

Transport properties of PVA/PVP :MgCl2⋅6H2O
blend polymer electrolyte films

Conductivity at room
temperature (S/cm) 𝑡ion 𝑡ele

PVA/PVP:
(50 : 50) 6.19251 4.32 × 10−6 — —

PVA/PVP :MgCl2⋅6H2O
(45/45 : 10) 9.2407 6.12 × 10−5 0.96 0.04

PVA/PVP :MgCl2⋅6H2O
(40/40 : 20) 11.85137 3.52 × 10−5 0.97 0.03

PVA/PVP :MgCl2⋅6H2O
(35/35 : 30) 13.89526 2.42 × 10−4 0.99 0.01
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Figure 1: XRDpattern for differentwt% ratios of composite polymer
electrolyte films.

+ C + electrolyte)/(cathode) for a constant load of 100 kΩ
at room temperature by Keithley electrometer 5641. The
charge/discharge performance was carried out from 2.9 to
4.4V.

3. Results and Discussion

3.1. XRD Analysis. X-ray diffraction patterns of pure PVA/
PVP blend polymer and with different wt% ratios of
MgCl2⋅6H2O salt, that is, (90 : 10), (80 : 20), and (70 : 30),
were shown in Figure 1. XRD pattern showed a broad peak
at 20∘ ascribed to the pure PVA/PVP which corresponds
to orthorhombic lattice indicating its semicrystalline nature.
From Figure 1, it was observed that the intensity of the peak
is gradually decreased with the increase in salt concentration.
It confirms that the salt is completely dissolute in the host
polymer for higher concentration 30wt% ratio; no sharp
peaks were observed due to the dissolution of salt within
the polymer which turns the semicrystalline to amorphous

phase [24, 25].The intensity of the PVA/PVP diffraction peak
decreases with the increase in the wt% ratio of MgCl2⋅6H2O
salt. This may be due to the increase of the softness of the
polymer chains where the molecular chains are irregular
and entangled in amorphous regions rather than crystalline
region. From XRD spectra it is clearly observed that the peak
intensity is gradually decreased. As a result full width half
maxima (FWHM) of the peak has widened due to flexible
backbone and crystalline nature of the polymer.The decrease
of degree of crystalline nature was formed due to the dissolu-
tion of salt in the polymer matrix. The FWHM values of the
peaks were presented in Table 1.

3.2. SEM Studies. The morphological surface of [PVA/PVP-
MgCl2⋅6H2O] :𝑥% with different wt% compositions was
shown in Figure 2. Figure 2 showed the phase formation of
blend polymer electrolyte system. It was also observed that
inorganic salt chunks with different degrees of roughness at
different resolutions were found in Figures 2(a), 2(b), and
2(c). The presence of salt chunks possesses crystalline phase
in rest of the samples which was clearly shown in XRD
pattern [26]. The crystalline peaks having less intensity were
attributed to salt particles in the polymer chains. But from
Figure 2(d), no phase separation was observed for (35/35 : 30)
electrolyte system. This may be due to the dissolution of
MgCl2⋅6H2O salt in the host PVA/PVP polymer.

It was also observed from the Figure 2 that small chunks
were formed due to the dispersion of MgCl26H2O :𝑥% for
10, 20, and 30wt% ratios in the PVA/PVP polymer matrix.
It results in the dopant salt being incompletely soluble in the
host polymer. It is noticed that for 30wt% ratio dispersion
takes place and no phase separation has been observed in the
host polymer which enhances the ionic conductivity. As the
wt% of MgCl26H2O increase, the degree of roughness of the
films is decreased. This shows the amorphous nature of the
film.The higher level of MgCl26H2O in PVP/PVA will result
in better dispersion in blend polymer matrix resulting in the
enhancement of ionic conductivity, which is confirmed from
SEM images. This agrees with XRD analysis.

3.3. FTIR Studies. FTIR is a versatile instrument to identify
the chemical complex nature among the polymer matrix and
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Figure 2: SEM images for different wt% ratios of composite polymer electrolyte films.

encapsulation of different elements in functional groups [27].
The thickness of the prepared films was calculated by wedge
method and it was found to be 110 𝜇m. In the present inves-
tigation FTIR spectra of blend polymer of pure PVA/PVP
and mixed with different wt% ratios of MgCl2⋅6H2O in the
wavenumber ranging between 650 and 4000 cm−1 is shown
in Figure 3. An interaction takes place by doping the salt in to
the polymer matrix and the complex nature occurs between
the salt and the host polymer matrix. The vibrational bands
observed at 1000, 1500, 1570, and 1820 cm−1 corresponded to
C–H bending and C–H2 stretching of hydroxyl group and
C=O carboxyl group, respectively [28]. With the increase
in the wt% ratio, the stretching, bending intensity of the
peaks appeared in the wavenumber region 1150–1750 cm−1
and the band corresponding to the wavenumber region
2900–3800 cm−1 indicates the outer phase vibration oscil-
lation of the hydroxyl group O=H which is completely
mixed with the polymer further. From the figure it has been
observed that the width of the vibrational bands of pure
PVA/PVP at 1350, 1470 and 1650 cm−1 changes with the
increase of dopant concentration. There is a difference in the
spectral range that has been observed on comparing with the
pure PVA/PVP. This is due to the stretching and bending of
the ions which are completely mixed with the host polymer
[29]. In addition C–H bending vibrations take place in the

region 1000–3800 cm−1 while the band at 1670 cm−1 indicates
that the cations of the salt get coordinated with the oxygen
of PVA/PVP blend polymer. This is due to the change in
the width of the spectral peaks. The shifts in the band posi-
tions may be attributed to the complex formation between
PVA/PVP and MgCl2⋅6H2O salt. This influences the local
structure of polymer backbones and significantly affects its
mobility [30].

3.4. DSC Analysis. Differential scanning calorimetry is an
effective tool for analyzing the thermal analysis of the
materials such as glass transition temperature (𝑇𝑔) and
melting temperature (𝑇𝑚) in the polymer electrolytes. The
DSC spectra of PVA/PVP :MgCl2⋅6H2O polymer films with
different wt% ratios were shown in Figure 4. It is observed
from the figure that, with increase of wt% ratio of salt in
the host polymer, the glass transition temperature (𝑇𝑔) of
polymer electrolytes decreased and was found to be at 98,
92, 84, and 81∘C. From the DSC curves, it is observed that
solid polymer films exhibited only single 𝑇𝑔 value due to the
miscibility of the salt in the polymer matrix. The decrease in
𝑇𝑔 takes place due to lubricating effect of the polymer chains
for 35/35 : 30wt% ratio of the sample at 81∘C.This lubrication
effect occurs due to the formation of free spaces around
polymer chains. The lowering of 𝑇𝑔 is expected to make the
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Table 2: Raman bands and wavenumber assignments of polymer electrolyte films for different wt% ratios.

Wavenumber (cm−1)
AssignmentPVA/PVP :MgCl2⋅6H2O

(45/45 : 10)
PVA/PVP :MgCl2⋅6H2O

(40/40 : 20)
PVA/PVP :MgCl2⋅6H2O

(35/35 : 30)
810 790 785 C–C stretching
1410 1410 1402 C–N stretching
1710 1780 1795 O–H bending
— 1820 1860 C–O rocking
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Figure 3: FTIR spectra for different wt% ratios of composite
polymer electrolyte films.
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Figure 4:DSC spectra for differentwt% ratios of composite polymer
electrolyte films.

ions move easily in the prepared polymer electrolyte system
[31]. Similar results were reported by Varnell and Coleman
for PVA : CH3COONH4 polymer electrolyte system [32]. In
addition, the melting temperature of endothermic peak is

7891896
1780 1400

7961780 1400

810
1780 1400

(c)

(b)

(a)

1800 1600 1400 1200 1000 800 600 4002000

In
te

ns
ity

 (a
.u

)

Wavenumber (cＧ−1)

90 : 10
80 : 20
70 : 30

Figure 5: Raman spectra for different wt% ratios of composite
polymer electrolyte films.

shifted towards the lower temperature with increase of salt
concentration. It reveals the decrease of crystalline nature and
dominant presence of amorphous phase [33].

3.5. Raman Studies. Figure 5 represents the Raman spectra
of PVA/PVP blend polymer with different wt% ratios of
MgCl2⋅6H2O (10%, 20% and 30%) in the wavenumber region
400–2000 cm−1 at room temperature and their vibrational
band assignments were presented in Table 2. From Figure 5,
it was observed that the Raman bands at 810, 1410, and
1780 cm−1 correspond to C–C stretching, C–N stretching,
C–O rocking, O–H bending, and C–H bending vibration
for mixed polymer films, respectively [34, 35]. The peak
intensity of Raman bands has been changed due to the
addition of different wt% ratios of MgCl2⋅6H2O in the
blend polymer matrix. The intensity of the Raman band at
1400 cm−1 corresponds to C–C stretching and is decreased
with the increase of wt% ratio of salt concentration in the
polymer [36]. A new additional peak with less intensity has
been observed in the above spectrum at 1780 cm−1 and it
is due to the presence of Mg2+ ion in the polymer [37].
The introduction of these new peaks in the salt doped
system is due to the interaction of proton with carbonyl
and hydroxyl groups. The significant changes in the above
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Figure 6: Cole-Cole plots for different wt% ratios of composite
polymer electrolyte films.

bands can be related to the interaction of the salt with the
polymer.

3.6. AC Conductivity Studies. Cole-Cole plot gives the infor-
mation about the ionic conductivity of the prepared mate-
rials. In general Cole-Cole plot shows a semicircle region at
high frequency regionwhich is due to parallel combination of
resistor and capacitor and a spike is obtained at low frequency
due to the migration of ions at the electrode–electrolyte
interface. Complex independence spectroscopy for the pre-
pared samples for different wt% ratios is shown in Figure 6.
But from the figure it is observed that only spikes were
obtained for all the wt% compositional ratios. It may be
due to the majority charge carrier flow of ions, where the
electronic polarization occurs in the solid polymer electrolyte
at electrode–electrolyte interface [38]. The impedance plot
can be analyzed by varying real part (𝑍I) with respect to the
imaginary part (𝑍II) and the ionic conductivity is calculated
by the following relation:

𝜎ac =
𝑡

(𝑅𝑏 × 𝐴)
, (1)

where “𝑅𝑏” is the bulk resistance, “𝑡” is the thickness of the
solid polymer electrolyte, and “𝐴” is the area of the elec-
trolyte. The calculated AC conductivity values are presented
in Table 1.

3.7. Transport Properties. The transport (transference) num-
ber (𝑡) of the sample indicates the sum of total ionic and
electronic current in terms of the total conductivity (𝜎).
The ionic transference number is defined as the ratio of
transference number of any particles/ions to total con-
ductivity (𝜎𝑇) [39]. The electronic transference number is
defined as the ratio of transference number of electronic/hole
conductivity to total conductivity (𝜎𝑇). The transport prop-
erties have been calculated by the following equations
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Figure 7: Transport properties for different wt% ratios of composite
polymer electrolyte films.

using Wagner’s polarizing technique which is presented in
Table 1.

𝑡ion = 𝑖𝑡 −
𝑖ele
𝑖𝑡
,

𝑡ele =
𝑖ele
𝑖𝑡
,

(2)

where 𝑖𝑡 is the initial current and 𝑖ele is the final residual
current for all compositions of PVA/PVP :MgCl2⋅6H2O elec-
trolyte systems. The current versus time plots were shown in
Figure 7. Initially, the current (𝑖𝑡) increases then immediately
decays and reaches a steady state after a long time of
polarization takes place. This may be due to the current
initially flowing across the cell at the blocking electrode
under the influence of an applied voltage. Initially, after the
application of DC potential the total current across the cell is
proportional to the applied field due to the migration of ions
or electrons (𝑖𝑖 or 𝑖𝑡 = 𝑖ion + 𝑖ele). At the blocking electrode,
there is neither a source nor a sink for mobile ions. The
migration of the ions under the influence of the electric field
therefore leads to an enrichment of the mobile species in the
electrolyte region. Thus the current starts decreasing with
time as the drift of ions is balanced by diffusion of ions
due to their concentration gradient induced by the electrode
which blocked the ions, but still active towards electrons and
hence the cell gets polarized. Thus it is apparent that during
DC polarization, the interfacial resistance increases due to
the formation of passivation layer of ions at the interface of
blocking electrode. As a result the ionic current is blocked,
the polarization is exclusively carried by electrons, and hence
the final current is only due to electronic current (𝑖𝑓 = 𝑖ele).
The values of ionic transference number are in the range
0.96–0.99. These results state that the charge carriers are
mainly due to ions and negligible contribution takes place
from electrons [40].
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Figure 8: Cyclic voltammetry for different wt% ratios of composite polymer electrolyte films.

3.8. Cyclic Voltammetry. Cyclic voltammetry has been car-
ried out between the sweep potential and charge to evalu-
ate the chemical and electrochemical stability of the solid
polymer electrolytes. The electrochemical studies of the
polymer electrolytes based on ILs (Figure 8) were determined
by microelectrode cyclic voltammetry over the potential
ranging from −2.0 to 6.0V at scan rate 30mV⋅s−1 in ambient
temperature. The peak currents decrease with the increase
of the scan numbers. This may be due to the detachment
of the samples from the electrode surface [41, 42]. Cyclic
Voltammetry curves have been measured for different wt%
ratios of mixed blend polymer electrolytes which are shown
in Figure 8.The CV curve showed the oxidation peak at 0.5 V
and reduction peak at 0.2 V. The oxidation peak is attributed
to the conversion of magnesium chloride into magnesium.
The reduction of iodine and carbon is soluble in magne-
sium. The area of oxidation and reduction peaks decreased
continuously with repeated cycling [43]. The reduction peak
at 2.9 V disappeared after 7 hours, which is shown in
Figure 9.

3.9. Polarization Studies. Electrochemical cell has been fabri-
cated for the maximum ionic conductivity obtained polymer
electrolyte film (35PVA/35PVP : 30MgCl2⋅6H2O). The elec-
trochemical studies were performed on the prepared films.
The galvanostatic charge/discharge performance was carried
out from 2.9 to 4.4V for the configurationMg+/(PVA/PVP +
MgCl2⋅6H2O)/(I2 + C + electrolyte). The electrode materials
were made in the form of a pellet with the thickness of
1mm.The electrochemical stability is found to be stable up to
∼4.5 V for 35PVA/35PVP : 30MgCl2⋅6H2Oelectrolyte film. In
the fabrication of electrochemical cell, magnesium metal is
used as anodematerial where the charge carriers take place at
the electrolyte region and the combination of iodine, carbon
powder, and electrolyte film traces are used as cathode for
enhancement of electronic conductivity [44]. The discharge
capacity of an electrochemical cell is shown in Figure 10.
From the figure it is observed that the discharge capacity
is decreased during sixth cycle and gradually declined with
subsequent cycling. This may be due to the magnesium ions
which are attributed at the electrode–electrolyte interfaces,
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Figure 10: Variation of cycle number with discharge capacity of
solid polymer electrolyte films for (70 : 30) wt% ratio.

whereas the surface of the film changes during the repeated
cycling. Surface films block the charge transfer reaction
between Mg anode and solid polymer electrolyte, since the
mobility of Mg2+ ions in the passivation of films becomes
extremely small [45].

Charge-discharge profiles of the prepared cell are shown
in Figure 11(a). The current density has been measured for
the prepared solid polymer battery at 30𝜇Acm−1 between 4.0
and 0.6V. During the cyclic process, the potassium ions get
diffused 10 to 30% in the polymermatrixwhich ismeasured at
8.5 Ah cm−2. The discharge voltage gradually decreases from
2.65 to 0.6V, probably because of the amorphous nature of
the PVA/PVP film. This initial capacity loss is explained by
insertedK+ ions to produce themetallic alloy and amorphous
region, which causes an irreversible capacity. However, after
the first discharge, there is a continuous decrease in the
charge and discharge capacity. This cell can be cycled for
more than 200 cycles maintaining good efficiency. The cell

can discharge at a current density up to 250𝜇A cm−2 for the
potential drop across the resistance cell. Initially, the voltage
across the cell has been raised from 2.9V and stabilized to
4.1 V.The performance of the cell capacity has been raised up
to 1.6Hrs and becomes constant after certain time till 3.5Hrs.
This may be due to the polarization taking place across
the electrode and electrolyte interface. When an amount
of voltage is applied across the cell, the K+ ions diffuses
and transfers from anode to the cathode layer through the
electrolytemediumand the complete cycling coursewas done
at the room temperature which is shown in Figure 11(b).
The capacity retention has been measured with respect to
the cycle number in the ambient temperature shown in
Figure 11(c). The capacity retention of 50% is achieved at
−5∘C at moderate discharge rate of 0.5 C. The GSM pulse
discharge mode (1.5 A for 6ms/0.15 A for 4ms) was applied
to cell at various temperatures and capacity retention was
determined.

3.10. Electrochemical Properties. The fabricated cell was
allowed to equilibrate for 30min and the OCVwas measured
which is at 2.9 V.The cell was cycled galvanostatically at 10 𝜇A
and the electrochemical performance is shown in Figure 12.
As depicted, the charging curve (plateau potential) indicates
that Mg2+ deintercalation occurs at the cathode. Figure 12
depicts the open circuit voltage of the Mg+/(PVA/PVP +
MgCl2⋅6H2O)/(I2 + C + electrolyte) cell. Various cell param-
eters such as open circuit voltage (OCV), power density,
and current density have been evaluated and shown in
Figure 13. Initially a rapid decrease in the voltage occurred.
It may be due to the polarization and the formation of
thin layer of magnesium salt at the electrode/electrolyte
interfaces [46]. It was observed that the fabricated cell
showed the OCV at 2.9V for about 24 h when the test was
terminated. The mixed polymer electrolyte for the composi-
tion 35PVA/35PVP : 30MgCl2⋅6H2O exhibited better perfor-
mance than the other wt% ratios, which strongly suggests
that wt% of 35PVA/35PVP : 30MgCl2⋅6H2O polymer blend
electrolyte film ismore suitable in the fabrication of solid state
polymer batteries.

4. Conclusions

Blend polymer electrolytes were prepared with different
wt% compositions of [PVA/PVP-MgCl2⋅6H2O] :𝑥% using
solution cast technique. The crystalline phase of the blend
polymer electrolytes was confirmed by XRD analysis. FTIR
and Raman studies confirmed the chemical complex nature
and interlinking bond formation between the blend polymers
and dopant salt. SEM revealed the degree of roughness of the
prepared films at different resolutions. The glass transition
temperature of the polymer electrolytes was decreased with
increasing wt% ratio of the host polymer. The maximum
ionic conductivity of 2.42 × 10−4 Scm−1 was found for the
composition 35PVA/35PVP : 30MgCl2⋅6H2O of the polymer
blend electrolyte. The transference number of the prepared
films was calculated by Wagner’s polarization technique. The
electrochemical cell was fabricated and the cell parameters
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Figure 11: (a) Potential versus capacity curves of solid polymer electrolyte film for (70 : 30) wt% ratio. (b) Cell voltage versus charge time versus
cell capacity of solid polymer electrolyte film for (70 : 30) wt% ratio. (c) Capacity retention versus cycle number of solid polymer electrolyte
film for (70 : 30) wt% ratio.
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Figure 13: Cell parameters of solid polymer electrolyte film for (70 : 30) wt% ratio.

were evaluated for 35PVA/35PVP : 30MgCl2⋅6H2O polymer
electrolyte film.
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