Tonics (2016) 22:389-404
DOI 10.1007/s11581-015-1546-4

@ CrossMark

ORIGINAL PAPER

Electrical, structural, and morphological studies
of honeycomb-like microporous zinc-ion conducting poly
(vinyl chloride)/poly (ethyl methacrylate) blend-based

polymer electrolytes

C. M. Sai Prasanna’ - S. Austin Suthanthiraraj'

Received: 2 July 2015 /Revised: 31 July 2015 / Accepted: 30 August 2015 /Published online: 16 September 2015

© Springer-Verlag Berlin Heidelberg 2015

Abstract Solid polymer electrolytes (SPEs) based on poly
(vinyl chloride)/poly (ethyl methacrylate) [PVC/PEMA]
blend complexed with zinc triflate [Zn(CF3S05),] salt have
been prepared using solution casting technique. Thin film sam-
ples containing various blend ratios of PVC/PEMA with fixed
composition of salt have been examined by means of complex
impedance analysis, and as a consequence, the typical compo-
sition corresponding to PVC (30 wt%)/PEMA (70 wt%) has
been identified as the optimized blend exhibiting the highest
room temperature ionic conductivity of 10~® Sem . The ionic
conductivity of the optimized blend was further enhanced from
10® to 107® Sem™' by adding the chosen salt in different
weight percentages at 301 K. The occurrence of complexation
of the polymer blend and an evidence of interaction of cations,
namely Zn”" ions with the polymer blend, have been confirmed
by Attenuated total reflectance-Fourier transformed infrared
(ATR-FTIR) spectroscopy measurement studies. The efficacy
of ion-polymer interactions was estimated by means of an eval-
uation of transport number data pertaining to Zn*" jons which
was found to be 0.56. The apparent changes resulting in the
structural properties of these polymer electrolytes possessing a
honeycomb-like microporous structure were identified using
X-ray diffraction (XRD) and scanning electron microscopic
(SEM) studies. Such promising features of the present polymer
blend electrolyte system appear to suggest possible fabrication
of new rechargeable zinc batteries involving improved device
characteristics.
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Introduction

The design and development of ion conducting polymers by
complexing polar polymers with alkali metal salts offer an
energetic area of study in materials research. Being light
weight and flexible, the research on solid polymer electrolytes
has received a tremendous attention in recent years as it is likely
to offer a series of potential candidates for advanced solid-state
electrochemical devices such as batteries, electrochromic dis-
plays, fuel cells, and smart windows [1]. In the battery industry,
solid polymer electrolytes have several advantages over con-
ventional liquid electrolytes due to their ability to purge the
problem of leakage in highly toxic liquid electrolyte configura-
tions. The success of employing solid polymer electrolytes in
power sources is mainly due to wide operating temperature
range, feasibility of enhancement in ionic conductivity, large
electrochemical stability window, low volatility, and superior
structural stability features as well [2].

The earliest and most extensively investigated solid poly-
mer electrolyte towards development of lithium batteries was
based on poly (ethylene oxide) PEO due to its ability to form
stable complexes with salt-based cations and form a homoge-
nous matrix. However, the major shortcoming aspect of PEO
is that it tends to crystallize, exhibiting an appreciably high
ionic conductivity only above its melting temperature [3].
Since it has been widely accepted nowadays that the elasto-
meric amorphous phase of polymers primarily contributes to
the significant transport of ions, much effort has been taken by
research workers to investigate amorphous polymers
exhibiting high room temperature ionic conductivity with ex-
ceptional mechanical properties [4]. In addition to this
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exploration, blending of polymers is one of the most feasible
techniques employed to design polymer electrolytes with an
extensive variety of physico-chemical properties [5]. The elec-
trical and physical properties of blended polymer electrolyte
film may be improved by realizing a phase-separated electro-
lyte comprising of first phase adopted to absorb the electrolyte
active species, and the second phase providing toughness to
the polymer electrolyte films. Polymer blending offers collec-
tive advantages like simple method of preparation and has an
effective influence over the physical properties of an individ-
ual polymer by compositional changes which aid in the en-
hancement of ionic conductivity [6, 7].

From the wide-ranging group of polymer blends, those
blends containing poly (vinyl chloride) (PVC) are among the
most significant from both scientific and commercial points of
view [8]. The presence of lone pair of electrons at chlorine atom
in poly (vinyl chloride) (PVC) facilitates the dissolution of
inorganic salts easily, and the mechanical strength of the poly-
mer backbone may be further improved by the dipole—dipole
interactions occurring between hydrogen and chlorine atoms
[9]. Thus, the PVC-rich phase acts as a good mechanical stiff-
ener with an easy processability and has gained an increased
recognition in recent years due to the inexpensive cost and
compatibility with many polymers. Even though these appeal-
ing properties attribute to the widespread application of PVC,
the major drawback in using PVC as a host polymer is that
polymer electrolytes based on PVC usually possess low ionic
conductivity values at room temperature [10].

The inherent problem of poor ionic conductivity of PVC at
ambient temperature may be circumvented by suitably blend-
ing PVC with another polymer such as poly (ethyl methacry-
late) (PEMA) which has drawn the interest of many groups of
researchers by its remarkable properties. It has been reported
[11] that PEMA, as a host, has an ionic conductivity of the
order of 10> Sem ! and electrochemical stability window of
4.3 V. Moreover, the carboxylic (—~COOH) group of the poly-
mer improves the interconnecting pathways, thereby assisting
the movement of ions through polymer segments and confine-
ment of close packing of the chains by large pendant group
essentially provides free volume within the polymer matrix
[12]. The methacrylic ester in the chemical structure of PEMA
provides an excellent chemical resistance, fine surface resis-
tivity, and good mechanical properties [13]. Based on the
above facts, PVC and PEMA polymers have been blended
together to synchronize each other.

The electrical property of PVC/PEMA blends may be prop-
erly customized by adding different inorganic salts as a dopant,
depending on their reactivity with the host polymer matrix.
PVC and PEMA contain lone pair of electrons that could easily
coordinate with cations from inorganic salts, thereby forming
polymer—salt complexes and hence providing ionic conduction.
Most of the energy storage devices employ lithium-based salts
for the fabrication of batteries because of its high specific
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capacity and excellent cyclic stability. Eventually, such systems
suffer from major drawbacks because they are relatively expen-
sive and also have safety concerns, owing to their highly reac-
tive nature [14]. In order to overcome these drawbacks, nowa-
days, rechargeable batteries, based on zinc triflate salt, are re-
ceiving much attention since they are known to be less toxic,
easily available owing to its high natural abundance, Zn*" ions
having comparable size with Li" ions and safety problems as-
sociated with zinc is also minimal and may be handled easily. In
addition, triflate anions (CF5SOj3 ) were found to yield certain
interesting and finer aspects of the conduction mechanism. It
has also been quite apparent from global literature that studies
on solid polymer electrolytes based on zinc batteries have not
been extensively reported and are scanty [15].

Zakaria et al. [16] reported the respective electrical conduc-
tivity (o) values for pure PVC and pure PEMA polymers to be
1.36x107"* and 1.92x107'% Sem ' whereas for the PVC/
PEMA blended film, the conductivity value was found to get
improved to 4.74x10 ' Sem™'. Amir et al. [17] reported that
the ionic conductivity of PEMA/PVC blended polymer electro-
lytes based on NHyI salt (40 wt%) was of the order of
10® Sem™" at room temperature whereas Ramesh et al. [2]
reported the ionic conductivity of PMMA/PVC blended poly-
mer electrolytes doped with 10 wt% lithium based salt as 1.6
10® Sem ™. The ionic conductivity of PVC/PEMA blended
polymer electrolytes may be further improved to the order of
10~ Sem ™" with the addition of additives like plasticizers and
fillers which are absent in presently existing system but pro-
posed as a forthcoming research work. The novelty of polymer
electrolytes based on PVC/PEMA blend comprising propylene
carbonate (PC) as a plasticizer was earlier proposed for lithium
battery applications by Rajendran et al. [11] and the mechanical
strength of PVC/PEMA-based polymer electrolyte was report-
ed by Hae-SooK-Han et al. [18] to be much higher than that of
PVC/PMMA-based polymer electrolyte system.

In the light of these facts, during the present work, PVC
and PEMA have been blended together in different weight
ratios whereas the weight ratio of Zn(OTf), salt remaining
fixed in all the systems so as to identify the compatible ratio
of the polymer blend, exhibiting the highest room temperature
ionic conductivity. Based on the end result, structural and
electrical properties in addition to morphological behaviour
of the optimized blend (PVC: PEMA) system with different
concentrations of zinc triflate salt have been examined and the
results are discussed in detail.

Experimental

Materials

Poly (vinyl chloride) (PVC) with a molecular weight 233,000,
poly (ethyl methacrylate) (PEMA) with a molecular weight
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515,000, inorganic dopant salt, zinc trifluoromethanesulfonate
[zinc triflate, Zn(OTf),] Zn(CF;S03), with a molecular
weight 363.53 were procured from Sigma-Aldrich, USA. Pri-
or to the preparation, Zn(OT¥), salt was dried at 100 °C for 1 h
to eliminate trace amount of water content present within the
material while polymers including PVC and PEMA were used
as received. Figure 1 shows the structural formulae for PVC,
PEMA and Zn(OTfY), materials.

Methods of preparation

Zinc ion-conducting solid polymer electrolytes consisting of
various blend ratios (10:90, 20:80, 30:70, 40:60, 50:50, 60:40,
70:30, 80:20, 90:10) of PVC/PEMA complexed with fixed
10 wt% Zn(OTf), salt were prepared by using the well-
known solution casting technique. The weight ratio of poly-
mer blend to Zn(OTY), salt is fixed as 90:10. Table 1 shows the
details of composition, designation, and room temperature
ionic conductivity of [PVC-PEMA- Zn(OTf),]-based blended
polymer electrolytes. Appropriate composition of PVC and
PEMA with fixed 10 wt% Zn(OTf), was dissolved in 25 ml
of a common solvent namely DMF (N-N dimethyl formam-
ide), and these mixtures were stirred continuously for several
hours at room temperature in order to obtain a homogenous
viscous solution. Such solution was then solvent cast into
different glass petri dishes and dried in vacuum at 60 °C for
24 h. Thin films thus obtained were further dried at room
temperature inside a desiccator for 2 days to remove any ex-
cess trace of solvent. Eventually, mechanically stable and free
standing films were employed for further investigations.

The same experimental procedure stated previously was
reiterated with a view to prepare the optimized blend system
containing different concentrations of Zn(OTf), salt with the
general configuration [PVC: PEMA (optimized blend sys-
tem)]: x wt% Zn(OTf), (where x=10, 15, 20, 25, 30, and 35
respectively).

Characterization techniques

The complex impedance measurements for all the samples
were carried out using a computer-controlled Hewlett-Packard
Model HP 4284A Precision LCR Meter in the frequency
range 1 MHz-20 Hz with an excitation signal of 50 mV at
ambient temperature. The built-in computer software was

Fig. 1 Structural formulae for a (a)
PVC, b PEMA, and ¢ Zn(OTH),

Cl

used to perform such measurements with precision and calcu-
lates both the real and imaginary parts of the impedance values
of blended solid polymer electrolyte samples sandwiched be-
tween two identical circular and smooth polished stainless
steel (SS) blocking electrodes with the test cell configuration
[SS/SPE/SS]. The room temperature ionic conductivity of
each polymer electrolyte sample was calculated from the mea-
sured value of its bulk resistance (R;,) obtained from imped-
ance Cole-Cole plot (Z' vs. Z") and dimensions of the polymer
film as given by the equation:

t

O R

(1)

where ¢ is the thickness (cm), Ry, the bulk resistance (£2),
and 4 is the known surface area (cm?) of the polymer electro-
lyte samples.

The vibrational modes of the polymer blends and its com-
plexes were characterized by Attenuated total reflectance-
Fourier transform infrared spectroscopy (ATR-FTIR) which
is a well-established research tool to investigate ion—polymer
interaction and possible conformational changes in the host
polymer matrix due to the addition of salt. The ATR-FTIR
spectra of zinc triflate salt, pure polymers, polymer blend,
and their complexes were recorded at room temperature uti-
lizing Perkin Elmer Spectrum-two spectrometer in the wave-
number range 4000 to 400 cm ' with a wavenumber resolu-
tion of 2 cm . The samples were positioned on the horizontal
face of the internal reflectance crystal of Zinc Selenide (ZnSe)
where total internal reflection occurred along the crystal-sam-
ple interface.

The zinc ionic transport number of the best conducting
sample of optimized blend system was examined by collective
AC impedance and DC potentiostatic polarization techniques
as proposed by Evans et al. [19]. These measurements were
carried out by sandwiching solid polymer electrolyte samples
between symmetrical zinc reversible non-blocking electrodes
according to the following cell configuration:

Zn / PS5 / Zn )

Using the computer controlled Hewlett-Packard Model
HP 4284A Precision LCR Meter, the initial resistance (Ry)
of the cell before polarization was measured in the frequency
range 1 MHz-20 Hz. The dependence of the dc current as a
function of time for an applied potential of 200 mV (AV) was

(b) CHs  (c)
OO ) 9
Zn |0-$-CF3
CHs 0 ,
n n
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Table 1 Designation,

composition, and room Designation Composition of PVC:PEMA: Zn(OTf), Room temperature
temperature ionic conductivity of ionic conductivity
[PVC-PEMA- Zn(OTf),]-based PVC PEMA Zn(OTf), o/Sem™!
blended polymer electrolytes
wt/g wt% wt/g wt% wt/g

SPEI1 0.045 10 0.405 90 0.05 4.54x107°

SPE2 0.09 20 0.36 80 0.05 4.62x107

SPE3 0.135 30 0315 70 0.05 7.18x107%

SPE4 0.18 40 0.27 60 0.05 6.79%x107%

SPES 0.225 50 0.225 50 0.05 571x10°®

SPE6 0.27 60 0.18 40 0.05 456x107

SPE7 0.315 70 0.135 30 0.05 3.77x10°%

SPES 0.36 80 0.09 20 0.05 2.58x107%

SPE9 0.405 90 0.045 10 0.05 1.77x107

measured by means of a Keithley 6517A electrometer at room
temperature. The initial dc current (/,) was noted and moni-
tored until the steady-state current (/;) was reached. An AC
impedance measurement was carried out after polarization in
order to determine the final resistance (R;) of the cell. The
value of #,,2+ was calculated according to the equation,

[S(AV_]ORO)
Io(AV-IR)

Zn*t = (3)

where [, and I are the initial and steady state currents, AV
is the applied dc voltage to the cell, and R, and R, are the
resistances of the configured cell before and after polarization.

The amorphous nature of the optimized blend system with
various compositions of zinc triflate salt was investigated using
X-ray diffraction. The XRD patterns of pure polymers, zinc triflate
salt, optimized polymer blend, and its complexes were recorded
by means of an XPERT PRO X-ray diffraction system and
scanned with the monochromatic CuK o radiation of wavelength
A=1.54 A at 45 kV and 30 mA ratings with the step size of 0.2°
over a bragg angle (20) range of 10°-~70° at room temperature.

The surface morphology of SPE specimens at room tem-
perature was characterized by means of a VEGA3 SBU Model
scanning electron microscope with electron beam energy of
11 kV. The SEM image of the cross-section of the polymer
electrolyte film was prepared by cryofracturing the film in
liquid nitrogen. The insulating samples were coated with a
thin layer of gold by vacuum sputtering for 25 s in order to
prevent electrostatic charging.

Results and discussion
AC impedance spectroscopy

Figure 2 shows the variation of ionic conductivity observed in
the case of [PVC-PEMA-10 wt% Zn(OTf),] blended polymer
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electrolyte system as a function of weight percentage of PVC
at room temperature. It is inferred that the ionic conductivity
of the polymer matrix increases with an increase in the PVC
content to the best possible level, and beyond this level, it
decreases. From Table 1, the system SPE3 has been identified
as the best conducting polymer blend system with the maxi-
mum ionic conductivity of 7.18x 10 Sem ™ at room temper-
ature among different blended systems. The observed increase
in the ionic conductivity with an increase in the PVC content
up to 30 wt% may be due to the effect of long range Coulom-
bic forces which result in the re-dissociation of solvated ion
pairs. This aspect would further increase the concentration and
segmental mobility of free mobile charge carriers, thus in-
creasing the ionic conductivity too. As the concentration of
PVC increases beyond 30 wt%, the conductivity decreases
due to the dominating effect of the short range ion-solvent
interaction, thereby reducing the effective number of charge
carriers available for migration. In addition, as the PVC con-
tent increases, the diffusion of ions in the electrolytic system is
restricted by PVC-rich phase that is acting like a solid medium
and hence the transport of ions through an indirect movement
along a convoluted pathway is restricted to PEMA-rich phase
which would be responsible for the decrease in the ionic con-
ductivity value [20].

Moreover, with higher concentrations of PVC, high poten-
cy of cross-linkage between PVC and PEMA may cause poly-
mer chain entanglements which would lead to the increase in
the viscosity. As a consequence, the mobility of charge car-
riers is likely to get reduced [21].

The ionic conductivity of the optimized blend system SPE3
was then analyzed as a function of different concentrations of
salt as depicted in Fig. 3 with the series of corresponding Cole-
Cole plots containing the configuration viz. [PVC: PEMA
(30 wt%: 70 wt%)]: x wt% [Zn (CF3S0s3),] (where x =10,
15, 20, 25, 30, and 35 wt% respectively) shown as the inset.
In general, the performance of ion conducting solids with
blocking electrodes is characterized by an impedance plot
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Fig. 2 Variation of ionic 8.0x10”
conductivity of [PVC-PEMA-
10 wt% Zn(OTf),] blended K
polymer electrolyte system as a : K
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with two definite regions consisting of a high frequency semi-
circle followed by a low-frequency inclined spike. High-
frequency semicircle signifies the parallel combination of bulk
resistance and bulk capacitance whereas the inclined spike at
lower frequency region implies the formation of double layer
capacitance due to space charge polarization effects occurring
at the electrode—clectrolyte interface [22]. In the present study
also, from each Nyquist plot (Z' vs. Z") of zinc ion conducting
solid polymer blended electrolytes, it is evident that broad-

low-frequency spike are observed and the bulk (ionic) resis-
tance (R},) of these thin film polymer blend electrolytes may be
calculated from the intercept of high-frequency semicircle on
the real axis.

The dependence of ionic conductivity on varying salt con-
centration for the system SPE3 specifies definite interactions
between the polymer matrix and salt. The magnitude of the
ionic conductivity of the polymer electrolyte is given by:

ened semicircles in the high frequency region followed by a 7= Hiig (4)
Fig. 3 Variation of the ionic -5.4
conductivity of the optimized
blend system SPE3 as a function 5.6 — ‘9.
of different concentrations of salt
with the series of corresponding
.. -5.8 -
Cole-Cole plots containing the ,
configuration viz. [PVC: PEMA 9
(30 Wt%: 70 wt%)]: x wt% _ 604 .
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. . A @
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where 1 is the charge carrier mobility, »; is the concentra-
tion of charge carrier, and ¢; is the charge of the mobile carrier.
Hence, the ionic conductivity may be enhanced by increasing
both ; and n;. According to the above equation, it has been
observed that the ionic conductivity increases with an increase
in the salt concentration to a maximum value of 2.79x
107 Sem ™" at 30 wt% loading of zinc triflate salt. It is evident
from the inset of Fig. 3 that [PVC(30 wt%): PEMA(70 wt%)]: x
wt% Zn(OTf), (where x =10, 15, 20, 25, 30, and 35 wt%) com-
position of the blended polymer electrolyte displays a decrease
in bulk resistance (R,) by an appreciable change in the diameter
of the semicircle up to 30 wt% salt which is then followed by an
increase in Ry, for higher concentrations of Zn(OTf), salt.

The increase in the ionic conductivity of those samples
with increase in salt content could be owed to the increase in
the number of mobile charge carriers and the amorphous na-
ture of the sample as confirmed from the present XRD data.
The increase in the amorphous nature of the polymer film
lessens the energy barrier to the segmental mobility of poly-
mer matrix, thereby favouring fast zinc ion transport. For the
composition larger than 30 wt% Zn(OTf),, the fact that ionic
conductivity of the electrolyte film decreases could be attrib-
uted to the formation of ionic clusters due to aggregation,
thereby reducing the number of mobile charge carriers and
increasing the viscosity of the polymer solution [23].

Table 2 elucidates the values of ionic conductivity observed
for all the complexes of SPE3 system at room temperature and
their common designations. Thus, the highest ionic conductivity
obtained at room temperature was found to be 2.79% 10 ¢ Sem ™!
for the typical blend system [PVC: PEMA (30 wt%:70 wt%)]
containing 30 wt% Zn(OTf), and designated as PS5.

ATR-FTIR analysis
ATR-FTIR spectra of zinc triflate salt and pure polymers

The ATR-FTIR spectroscopy is a powerful technique used to
examine the complexation behaviour occurring both in crys-
talline and amorphous phases and interaction between various

Table 2 Values of room temperature ionic conductivity for optimized
blend system SPE3 [PVC (30 wt%):PEMA (70 wt%)] : x wt% Zn(OTf),
salt and their designations

x/ wWt% Designation Weight of Ionic conductivity

Zn(OTf), (Polymer-Salt) Zn(OTH), at room temperature
added wt/g o/Sem™!

10 PS1 0.05 7.17%x10°8

15 PS2 0.075 230x1077

20 PS3 0.1 5.82x1077

25 PS4 0.125 1.14x10°°

30 PS5 0.15 2.79x10°°

35 PS6 0.175 7.59x1077
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constituents of a polymer electrolyte structure. In the present
study, the ATR-FTIR spectra were recorded for all the samples
at room temperature in the transmission mode to establish the
nature of interactions occurring between the polymer blend
PVC/PEMA (30 wt%:70 wt%) and Zn(OTf), salt, and such
interactions could bring changes in the vibrational modes
characteristic of relevant functional groups of the atoms or
molecules of the material [9]. Figures 4, Sa—c, and 6a—e show
the ATR-FTIR spectra of pure zinc triflate salt, pure PVC,
pure PEMA, PVC/PEMA (30 wt%:70 wt%) blend, PVC/
PEMA (30 wt%:70 wt%) blend, and its complexes at ambient
temperature. The band assignments for Zn(OTf), salt, PVC,
and PEMA have already been reported in the literature and
cited in Tables 3, 4, and 5, respectively.

The symmetric SO; stretching vibrational mode [v (SO3)]
of triflate anion (CF5SO5 ) has been observed at 1033 cm ™' in
Fig. 4. The peaks noticed at 630 and 523 cm™ ' correspond to
asymmetric SOz and CF; bending groups [0, (SO5), 6, (CF3)].
The band at 768 cm™' may be due to the symmetric bending
group (CF3) of triflate anion [64 (CF3)] whereas the symmetric
and asymmetric CF; stretching vibrational modes [vg (CF3),
v, (CF3)] of the triflate salt are located at 1228 and 1190 cm ™",
respectively. The other fundamental characteristic bands of the
zinc triflate salt corresponding to OH stretching vibration of
adsorbed water, V(OH) and bending mode of water molecule
& (H,0) are observed around 3500-3300 and 1651 cm ', re-
spectively. The IR bands appearing due to water molecules in
zinc triflate salt may be attributed to its hygroscopic nature
even though the salt has been pre-heated before usage.

Figure 5a shows the characteristic pattern of C—Cl
stretching vibrational peaks of PVC in the region 600—
700 cm™" which are of complex origin and depend on the
conformational structure of the polymer and spatial position
of atoms surrounding C—CI bonds. In addition to this charac-
teristic band structure, the rest part of the spectrum corresponds
to different C—C and C—H vibrations too [9]. In the above
figure, the typical peak at 684 cm ' may correspond to the
C—Cl stretching vibrational mode of PVC. Further, those peaks
corresponding to C—H stretching mode appear at 2909, 2937,
and 2971 cm™ !, whereas CH, deformation modes at
1330 cm™ ' (twisting) and 1426 cm™' (scissoring), CH rocking
mode at 1253 em ', #rans CH wagging mode at 959 cm ™", cis
CH wagging mode at 608 cm ™', and back bone C—C stretching
mode at 1094 and 1199 cm ™" are also observed.

The ATR-FTIR spectrum of pure PEMA is shown in
Fig.5b. In the region from 2900 to 3000 cm ', the transmit-
tance bands observed at 2982, 2938, and 2906 c¢m ! may be
attributed to the overlapping of C—H stretching vibration of
methylene [C(CH3)] and ethylene [O(C,Hs)] groups. The char-
acteristic peaks of PEMA due to the carbonyl C=O0 stretching
[L(C=0)] and asymmetrical stretching vibrations of C—O-C
bond [v, (COC)] are observed at 1722, 1237, and 1142 cm™"
respectively. The —CH, scissoring, -CH, wagging, and —CH,
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Fig. 4 ATR-FTIR spectrum of
pure Zn(OTf), at ambient
temperature
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rocking vibrational frequencies of PEMA are observed at 1479,
941, and 749 cm™', respectively. Those peaks seen at 1447 and
1387 cm ™' may be attributed to the asymmetrical O—C,Hs
bending [y, (OC,Hs] and CH, twisting [T (CH,] vibrations
of PEMA. The pair of bands ascribable to [u(CO)] stretching
modes of -COO- and —OC,H; groups of PEMA are found to
appear at 1267 and 1172 cm ', respectively, and the band cor-
responding to strong v (C—C) stretching mode of ethyl group of
PEMA is observed at 1024 cm ™.

Interactions occurring within the PVC/PEMA blend
Interestingly, the blending of PVC with PEMA is found to

effectively shift the polymer cage peak frequencies, as shown
in Fig. 5c. In the case of PVC/PEMA (30 wt%:70 wt%) blend,

Wavenumber / (cm™)

the set of peaks due to carbonyl [U(C=0)] stretching group,
asymmetric C-O—C [v, (COC)] stretching groups, and v (C—
C) stretching mode of ethyl group from PEMA appear to be
shifted to 1724, 1239, 1144, and 1025 cm ' with a lower
intensity in proportion to the composition of PEMA
(70 wt%) in the blend. The specific interaction occurring be-
tween C=0 group of PEMA and «-hydrogen of CH-CI in
PVC has been clearly indicated by the observed shift in the
vibration band pertaining to C=0 group to higher
wavenumbers and also by the changes revealed in the inten-
sity of carbonyl stretching peak of PEMA. This observation is
similar to those results reported by many researchers [16]. The
characteristic peaks found in the case of pure PVC at 608 and
684 cm™' corresponding to cis CH wagging and C—Cl
stretching vibrations and another one seen at 431 cm™' get

Fig. 5 ATR-FTIR spectra of

room temperature a pure PVC, b
pure PEMA, ¢ PVC/PEMA
(30 wt%: 70 wt%) blend
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Fig. 6 ATR-FTIR spectra
recorded at room temperature for
SPE3 system with varying
concentrations of zinc triflate salt
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shifted to 615, 695, and 435 cm ! respectively in PVC/PEMA
blend and emerged with a reduced intensity in proportion to
the 30 wt% of PVC in the blend. The fact that the peak of pure
PVC at 1330 cm™ ' corresponding to CH, deformation
(twisting) mode has changed form a broad peak to a small
shoulder peak in the blend and appears at 1332 cm™' with a
lesser intensity may be due to the overlapping of this peak
with some of the characteristic peaks of PEMA at 1387,
1367, and 1267 cm™'. The deserved changes of the position
and intensity of those peaks for the functional groups of C=0,
asymmetric C-O—-C, v (C-C) stretching, cis CH wagging, C—
Cl stretching, and CH, deformation (twisting) modes of both
PEMA and PVC are indicative of the occurrence of Zn”" ionic
interaction with the polymer hosts [26]. In the blended film
PVC/PEMA (30 wt%:70 wt%), C—H stretching bands noticed
at 2910, 2954, and 2981 cm ™' may be due to the overlapping
and merging of C—H stretching bands of pure PVC at 2909,
2937, and 2971 cm ! and those of pure PEMA at 2906, 2938,
and 2982 cm ' [24]. The occurrence of an interaction between
C—H stretching vibrations of PVC and PEMA further signifies

N\~
AN Free’ C=0 group (a) 27:63:10
N . PVC:PEMA:Zn(OTf),
v (OH) 'Zn*bonded’ -
. C=0 grou| . Free ions of Zn(OTf),
T T T T T T T g_l'P T T T T
3900 3600 3300 3000 2700 2400 2100 1800 1500 1200 900 600

Wavenumber / (cm™)

that both PVC and PEMA are compatible to form a polymer
blend.

Interactions between PVC/PEMA blend and Zn(CF;S03),
salt

During the present investigation, it is interesting to notice that
certain changes in the vibrational spectra of PVC/PEMA
blend occur as a consequence of integration with zinc triflate
salt in different weight percentages resulting in favourable
sites for the coordination of zinc ions within these blended
polymer electrolytes. The introduction of zinc triflate salt into
the PVC/PEMA blend appears to effectively alter the position
of several characteristic bands as revealed from the IR spectra
observed in the case of these polymer electrolytes with shifted
wavenumbers owing to the fact that the surrounding of the
triflate ion changes due to its sensitive approach to the state
of coordination [24]. Figure 6a—¢ shows the existence of
triflate ions in all the PVC-PEMA-Zn(CF3S05), complexes.
PEMA has lone pair of electrons at the oxygen (O) atoms

Table 3 Assignment of IR

vibrational modes and Vibrational modes of triflate anion (CF5SO5 ") Wavenumber (cm ') Reference

wavenumbers exhibited by

Zn(OTf), salt Symmetric CFj5 stretching vibrational mode vg (CF3) 1231 [24]
Asymmetric CF; stretching vibrational mode v, (CF3) 1195 [24]
Asymmetric CF; bending group 6, (CF3) 574 [25]
Asymmetric SOz bending group 0, (SO3) 640 [25]
Symmetric CF3 bending group & (CF5) 756 [25]
Symmetric SOj stretching vibrational mode v (SO3) 1032 [25]
OH stretching vibration of adsorbed water v(OH) 3400 [26]
Bending mode of water molecule 4 (H,0) 1660-1590 [26]
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Table 4 Assignment of IR vibrational modes and wavenumbers
exhibited by PVC

Vibrational modes Wavenumber (cm ") Reference

C—Cl stretching 692 [27]
C—H stretching 2890-2958 [2

CH, deformation 1337 (twisting) and [29]
1426 (scissoring)
CH rocking 1254

trans CH wagging 959
cis CH wagging 610
Back bone C—C stretching 1075, 1192

located at the carbonyl (C=0) and C—O—C groups while PVC
contains lone pair of electrons at the chlorine (Cl) atoms of —
CCI groups. This typical carbonyl (C=0) group absorption
peak observed over the region 1800 to 1650 cm ™ in all these
complexes is likely to be highly responsive to ionic interactions
which may enable the electropositive species of the salt (i.e.,
Zn*" cations) to easily coordinate with oxygen atoms of the
C=O0 group which is essentially a strong electron donating
group in nature [34]. Figure 7 shows the ATR-FTIR spectra of
PVC-PEMA-Zn(CF5S03), complexes ranging from 1800 to
1670 cm™ ' with increasing salt concentrations from 10 to
30 wt% at ambient temperature. The addition of small quantity
(~10 wt%) of Zn(CF3S03), is found to results in shifting of the
C=0 band in the case of chosen blend to the lower side of the
frequency scale and the corresponding peak slightly gets broad-
ened as well. As the salt concentration increases further from 10
to 30 wt%, a constant lowering in the position of [u(C=0)] band
from 1724 cm ™" in the blend to 1720 cm™ ' (~4 cm ') in the case
of various complexes occur along with a methodical broadening
of the C=0 peak [35]. This type of shifting of [u(C=0)] band
towards lower wavenumbers suggests that Zn>* jons from zinc
triflate would coordinate with oxygen atom of the C=0 group
by sharing its electron density to form C=0 - Zn*" bond,
thus weakening the bond between C and O [24].

30wt%

25wt%

Normalized absorbance

10wt%

1 1 1 1 1 1
1800 1780 1760 1740 1720 1700 1680

Wavenumber / (cm™)

Fig. 7 ATR-FTIR spectra of PVC-PEMA-Zn(CF5;SO3), complexes
ranging from 1800 to 1670 cm™' with increasing salt concentrations
from 10 to 30 wt% at ambient temperature

In addition to the band located around the region 1724—
1720 cm ! due to [u(C=0)] group, a small new shoulder peak
at 1660 cm ' emerges upon addition of 10 wt% salt to the
blend which further confirms the coordination of oxygen

Table 5  Assignment of IR vibrational modes and wavenumbers exhibited by PEMA

Vibrational modes Wavenumber (cm ') Reference
C-H stretching vibration of methylene C (CH;) and ethylene O (C,Hs) groups 2982, 2939, 2910 [31]
C=0 stretching [V(C=0)] 1723 [24]
Asymmetric stretch of C-O—C [v, (COC)] 1249, 1142 [24]
—CH, scissoring 1485 [32]
—CH, wagging 947 [32]
—CH, rocking 756 [32]
Asymmetric O—C,H;s bending [y, (OC,Hs] 1446 [24]
CH, twisting [T (CH;] 1388 [24]
v (CO) stretching modes of -COO- group 1265 [24]
v (CO) stretching modes of -OC,Hs group 1175 [24]
v (C-C) stretching mode of ethyl group 1024 [33]
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atoms of C=0 group with Zn>" ions, thereby forming an
aquazinc cation, ZnH,0" bonded through Zn*— O interac-
tions. On the other hand, the band at 1660 cm ' ascribable
to the bending vibrations of water molecule of zinc triflate salt
tends to reveal the presence of a bridging medium between the
heteroatom (O) of C=0 group in PEMA with Zn" ions from
the chosen salt. All these complexes are found to show such a
newborn “Zn*" bonded C=0" absorption band with
wavenumbers shifting from 1660 to 1628 cm ™' mutually with
the peak broadening as the salt content increases from 10 to
30 wt%. The movement of Zn>* ions from one coordination
site to another coordination site may be facilitated by the oc-
currence of such water molecule, thereby enhancing the ionic
conductivity of the blended polymer electrolyte systems. This
particular newborn shoulder peak was completely absent in
the case of pure PVC, pure PEMA, and blended PVC/PEMA
films. This feature infers the interaction of Zn*" ions with the
oxygen atom (O) of C=0 group, thus implying the complete
solubility of zinc triflate salt in these blended polymer electro-
lytes [26, 36]. Such changes noticed in the band position with
the increase in salt concentration are a strong evidence of the
occurrence of the interaction of the salt with the polymer
backbone having the electron rich group [35].

The fact that the O—C,Hs asymmetric bending mode [y,
(OC,Hs] of PEMA located at 1447 cm ™" has no major chang-
es in its band position while varying the salt concentration
from 10 to 30 wt% specifies that there may not be any possi-
bility of an interaction of Zn>" ions with these groups of
PEMA [37]. Besides, the pair of absorption bands attributed
to the different vibration modes of PEMA ester groups and
appearing at 1267 cm™' due to v (CO) stretching modes of —
COO- and another one at 1239 cm™' owing to asymmetric C—
O-C [v, (COQ)] groups within the blend which is apparently
merged with the symmetric CFj stretching mode [vg (CF3)] of
Zn(CF5S0;), originally seen at 1228 cm™' and producing an
intense peak at 1269 cm ™' for 10 wt% Zn(OTf), salt are found
to shift towards lower frequency scale from 1269 to
1259 cm ™" (~10 cm ") as the salt concentration increases from
10 to 30 wt% in the polymer blend-salt complexes. This as-
pect might be due to the interaction of Zn®" ions with the
partially negative oxygen of the ester group. The asymmetric
stretching vibration of C—-O—C bond [v, (COC)] in the case of
the polymer blend at 1144 cm ' has experienced a shift to
higher wavenumbers (~1148 cm ') as the salt concentration
increases from 10 to 30 wt%. As a consequence, comparative-
ly, these observations tend to indicate in explicit terms that
Zn*" jons interact more intensely with the ester groups than
with C=0 group of PEMA since the carbonyl group shifts
slightly from its original position (~ 4 cm ') whereas ester
group of PEMA has demonstrated a larger shift (~10 cm ™).
However, due to the high polarity of C=0 group, the inorgan-
ic salt does not necessarily interact with the carbonyl group of
the polymers. The tendency of coordination of zinc ions to the
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asymmetric C—O—C stretching bonds [v, (COC)] (ester
groups) of PEMA may be assigned to the freedom of rotation
about a single bond in contrast to the restricted rotation of the
double bonded C=0 group. Although there are two lone pairs
of electrons as coordination sites in both C=0 and asymmetric
C—O—C bonds of PEMA that could coordinate with Zn*" ions
independently, the rotation about the C—O—C bond has a great-
er flexibility of exposing the lone pair of electrons to Zn**
ions, thereby facilitating the complexation to occur. The
changes witnessed in the wavenumber of the abovementioned
bands confirms the coordination of Zn”*" ions to the oxygen
atoms at both C=0 and ester groups of PEMA polymer pres-
ent in the present polymer blend system [24].

The cis CH wagging and C—CI stretching modes of vibra-
tions pertaining to PVC in the case of the polymer blend seen
at 615 and 695 cm™ ' unite with the strong peak at 630 cm
due to the asymmetric SO3 bending group d, (SO3) originat-
ing from Zn(CF3;SO;), and resulting in the formation of a
sharp peak in almost all the synthesized complexes at
wavenumbers around the region 644 to 642 cm™'. The addi-
tion of zinc triflate salt from 10 to 30 wt% produces such a
significant shift in the vibrational mode of this band accom-
panied by a marked increase in the intensity of observed
peaks. These considerable changes occurring in the intensity
and position of the observed peaks imply that suitable inter-
action has taken place between cis CH wagging, C—Cl
stretching vibrational bands of PVC, and zinc triflate salt.
The shifting of the vibrational peaks could be attributed to
the change in environment of C—H bond owing to the coordi-
nation of Zn>" cations to the chlorine atoms in PVC [24].

Those characteristic peaks of the blend corresponding to C—
H stretching at 2910, 2954, and 2981 cm™ ' are found to get
shifted to 2933, 2957, 2983, 2936, 2958, 2982, 2932, 2958,
2982, 2908, 2938, 2982, 2907, 2938, and 2982 cm ' in the
various blends containing 10, 15, 20, 25, and 30 wt% Zn(OTf),
salt. On the other hand, the characteristic peak of Zn(CF5;SO3),
at 3500 cm ' due to V(OH) and 5 (H,0) vibrational bands gets
broadened as the salt concentration increases in polymer blend—
salt complexes which may be attributed to the formation of
intermolecular hydrogen bonds and to the change in environ-
ment for triflate ions (CF3SO;5 ") within the complex [28, 38].

There is a strong peak at wavenumbers around the region
1032 to 1031 cm ™' with increased intensities at higher salt
content in all the polymer blend—salt complexes, and this might
be due to the overlapping of the symmetric stretching vibration-
al mode of SO; [vs (SO3)] which would come from free triflate
jons at 1033 cm ! and v (C—C) stretching mode of ethyl group
of PEMA appearing at 1025 cm ' within the blend. The ob-
served increase in the intensity of those peaks around the do-
main 1032 to 1031 cm ™' with an increase in the concentration
of the salt accounts for the enhancement in ionic conductivity of
PS5 system to 2.79x10°® Sem . Since the process of ionic
association with triflate anions occurs through SO;~ end which
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is highly receptive to the change in the coordination state of the
anion, the overlying multipart spectra noticed in the region
1050-1030 cm ' imply the presence of ion pairs and ion ag-
gregates in addition to free triflate ions [39].

Thus, it is quite evident from the observed changes in the
intensity and position of some of the characteristic peaks of
PVC/PEMA blend in conjunction with the appearance of
characteristic bands arising due to triflate anions that the com-
plexation of the blended polymer PVC/PEMA with zinc
triflate salt has occurred.

Transport number data of zinc ions

To evaluate the performance of solid polymer electrolytes
(SPE) for rechargeable batteries involving intercalation and
de-intercalation of zinc cations throughout the lattice of the host
compound, the basic requirement of a high cationic transport
number rather than anionic is essential to avoid concentration
gradients set up by the mobility of both cations and anions
during repeated charging and discharging cycles [40]. The cat-
ionic transport number was determined by using the combina-
tion of AC impedance spectroscopy and DC polarization meth-
od as proposed by Evans et al. [19]. The Zn/PS5/Zn cell was
polarized by applying a constant dc potential of 200 mV, and
subsequently, the initial and final steady-state currents (/, and
1) after complete polarization of the cell were obtained from the
current time plot illustrated in Fig. 8. The measurement of cell
resistances (R and R;) could be accomplished by recording two
complex impedance plots as depicted in Fig. 9 in the frequency
range 1 MHz-20 Hz before the application of bias potential and
after the attainment of steady state. In the present system of

solid polymer electrolytes, both Zn>" cations and CF;SO5 an-
ions constitute the potential mobile ionic species.

However, it is realized that the initial current falls with time
until a steady-state value is ultimately observed. The migra-
tion of both anions and cations towards the zinc electrodes
contributes to the initial current value (/y), but the final
steady-state current (/) after cell polarization is due to the mi-
gration of cations alone. The fall of initial current value until the
achievement of steady state is primarily owing to the effect of
the growth of passivation layers on the electrodes and forma-
tion of a salt concentration gradient across the electrolyte which
is caused by the triflate anions being impossible to discharge at
the zinc electrodes (Zn electrodes are not reversible vs. anions).
This concentration gradient in turn affects the motion of both
anions and cations. Once the concentration gradient starts to
develop, an electromotive force is generated which appears to
act in the opposite direction to the applied field tending to
equalize the salt concentration in the electrolyte by the process
of diffusion of ions. For the cations, this concentration gradient
enhances the overall transport and for anions, the diffusion
current opposes the migration current. These two processes of
migration of ions under the influence of an external field and
diffusion due to concentration gradients are antagonistic and
therefore after sufficiently long time, establishment of steady
state is reached (i.e., concentration profile resulting from the
superposition of both factors remaining stable in time). After
the steady state, the current (/) flowing from one electrode to
another is only due to the motion of cations that could be
depolarized and anion motion has been completely ceased.
Thus, the significant value of residual current (/) confirms
Zn*" jonic conduction in the material [19, 41, 42].

Fig. 8 DC polarization current 6.5
vs. time plot for Zn/PS5/Zn cell
with polarization potential of
0.2 V at ambient temperature 6.0 —
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Fig. 9 AC impedance plots
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Figure 9 shows the set of impedance plots obtained for the
abovementioned Zn/PS5/Zn cell at room temperature before
and after polarization, and subsequently, from Eq. (3), the
value of 7,2+ was found to be 0.56. This fact suggests that
the charge transport in these polymer electrolyte films due to
zinc ions is quite significant. The reverse polarization could be
prevented due to the considerable value of 2+, and therefore,
the present SPE3 system may be successfully employed to
construct batteries for practical applications providing better
safety and stability [43]. The appearance of well-defined semi-
circles in Fig. 9 for the Zn/Zn**-PS5/Zn cell implies the non-

blocking nature of Zn/SPE interface and may be due to the
achievement of equilibrium of Zn metal with Zn*" ions within
the polymer electrolyte system [44].

X-ray diffraction data

Room temperature X-ray diffraction (XRD) studies have been
carried out in order to investigate the effect of zinc triflate salt
on the structure of PVC/PEMA blended polymer electrolyte
for the system SPE3. Figure 10a— i shows the diffraction pat-
terns obtained for pure PVC, pure PEMA, zinc triflate,

Fig. 10 XRD patterns for a pure
PVC, b pure PEMA, ¢

PVC:PEMA (30 wt%:70 wt%)
blend system, d Zn(OTf), salt, e—i
PVC: PEMA (30 wt%: 70 wt%)

(h) 22.5:52.5:25

blend system with 10, 15, 20, 25,
and 30 wt% Zn(OTf),

MM

Intensity / (a.u.)
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optimized PVC/PEMA (30:70) blend, and their complexes.
The XRD pattern in the case of pure PVC and depicted in
Fig. 10a shows two broad humps centered at 20=17° and
24° respectively. Meanwhile, the XRD pattern for pure PEMA
powder specimen as shown in Fig. 10b is characterized by two
halos at 20=12° and 18° respectively. The presence of broader
Bragg peaks in the case of XRD patterns observed for both
pure PVC and PEMA powders illustrates predominant amor-
phous nature of both the polymers. It has been observed that
when PVC is blended with PEMA in the optimized ratio
(30 wt%:70 wt%), as shown in Fig. 10c, those peaks corre-
sponding to pure PVC and pure PEMA coalesce and appear as
one broad peak at 17.6°, illustrating the presence of interaction
such as cross-linking between PVC and PEMA [21].

Figure 10d illustrates the sharp intense characteristic peaks
at20=17.2°,23.5°,24.1°,24.6°, and 29.8° revealing the high-
ly crystalline character of zinc triflate salt. It has also been
identified from Fig. 10e—i that the addition of Zn(OTf), salt
in different weight ratios to the optimized polymer blend sys-
tem SPE3 further increases the amorphous nature of the sam-
ples, and this is also evident by the shifting of peaks and
reduction in peak intensity associated with the broadening of
peaks in all these complexes. The broad peak at 17.6° for
SPE3 system has been shifted to 18.9°, 17.3°, 18.6°, 19.8°,
and 18.6° for those complexes containing 10, 15, 20, 25, and
30 wt% zinc triflate. The presence of complexation has been
further confirmed from an increase in the broad nature of the
peak associated with a decrease in peak intensity upon incor-
poration of the dopant in all the complexes. These broadened
peaks may be called amorphous humps which are the typical
characteristic features of amorphous materials. Further, those
sharp peaks corresponding to crystalline Zn(OTf), salt
completely disappear in almost all the complexes, thereby
indicating the feasibility of an absolute complexation and
complete dissolution of Zn(OTY), in the present blended poly-
mer electrolytes. The disappearance of crystalline peaks cor-
responding to pure zinc triflate salt also indicates that these
electrolytes are in amorphous region causing a reduction in the
energy barrier to the segmental motion of the polymer elec-
trolyte thus facilitating greater diffusion of ions and inducing
the highest ionic conductivity as well [45, 46].

Scanning Electron Microscopy

The scanning electron microscopy (SEM) is one of the most
versatile instrumental tools to evaluate and examine the mi-
crostructure morphology of conducting surfaces. Figure 11a—¢
presents the SEM images of [PVC (30 wt%)-PEMA
(70 wt%)]: Zn(OTf), complex for 0, 15, and 30 wt% loading
of the salt along with the magnified image and cross-sectional
view of the best conducting sample. Figure 11a for the pure
optimized blend shows a very smooth, uniform non-porous
morphology without any apparent interface between the two

polymers confirming the absolute miscibility of the blend sys-
tem. The change in the smooth morphology of the pure poly-
mer blend and enhancement in ionic conductivity of the blend
may be accomplished by the addition of salt. Figure 11b depicts
the surface morphology of PS2 with 15 wt% loading of
Zn(OTY), salt, presenting a wider pore size distribution and
exhibiting an irregularity and less periodicity in its arrange-
ment. The ionic conductivity of the prepared samples has in-
creased further for the system PS5 with 30 wt% addition of salt
displaying a honeycomb pattern with increase in the number of
pores and periodicity. Figure 11c, d illustrates the morphology
of PS5 film with its corresponding magnified image respective-
ly. They appear to depict honeycomb-patterned beads with a
collection of closely packed air spheres of high porosity. The
diameters of the multi-sized beads in SEM image for the system
PS5 are found to be in the range 11 to 15 um.

Such micron-sized spherical porous morphology of these
polymer blend electrolytes may be due to the complete evapo-
ration of solvent and shows an evidence of the most probable
increase in the amorphous region, accounting for the enhanced
ionic conductivity [47]. These inter-connected pores with high
porosity tend to provide a good pathway for fast zinc ionic
transport. It has also been observed from these SEM micro-
graphs that the irregularity and larger pore size configuration
in PS2 sample might be due to the meager interaction between
the polymer blend and the salt, thereby inducing a lower ionic
conductivity. However, the decrease in pore size with homog-
enous distribution in PS5 sample implies the proper dissolution
of zinc triflate salt in the polymer matrix with no agglomeration
and may be attributed to the exceptional complexation between
Zn(OTf), and PVC/PEMA blend which in turn would support
the migration of ions, thereby leading to an enhanced ionic
conductivity. The increase in the pores with the increase in salt
concentration from PS2 to PS5 films might be due to the mi-
gration of higher ions since the prime function of pores is to act
as a passage for Zn>" cations during charge-discharge cycle.
These features tend to conclude that the size, regularity, and
level of porosity are greatly governed by the concentration of
the salt added and have a correlation in enhancing the ionic
conductivity of these polymer blend electrolytes too [48, 49].

By analyzing the layered cross-sectional photograph of
PS5 film, as revealed in Fig. 1le, the inner morphology of
the polymer membrane was also found to exhibit a uniform
porous structure, thus indicating the formation of a homoge-
nous phase. Further, there was no evidence of phase separa-
tion in all the SEM images of blended polymer electrolyte
films indicating better interaction and compatibility between
the polymer blend and salt. Thus, it is obvious that with such a
porous polymer electrolyte system SPE3, certain promising
features including high ionic conductivity, a wide electro-
chemical window, and good thermal stability could be accom-
plished when suitably applied as a separator in zinc ion batte-
ries [50, 51].
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Fig. 11 SEM images of [PVC
(30 wt%) - PEMA (70 wt%)]:
Zn(OTf), complex for a 0 wt%
Zn(OTf), b 15 wt% Zn(OTf), ¢
30 wt% Zn(OTf), d its magnified
image, and e cross section

Conclusion

Zinc ion conducting blended polymer electrolytes based on
PVC/PEMA doped with different concentrations of zinc
triflate were prepared by solution casting technique. Many
characterization techniques were employed to study their elec-
trical, structural, and morphological behaviour. The maximum
ionic conductivity of 2.79x 107 Sem ™' was observed for the
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optimized blend system SPE3 [PVC (30 wt%):PEMA
(70 wt%)] complexed with 30 wt% zinc triflate at room tem-
perature. There was a strong evidence for the miscibility of the
blends as established by ATR-FTIR studies, and the observed
changes in the intensity, shape, and position of the peaks have
further confirmed the complexation of PVC-PEMA blends
with zinc triflate salt. The transport number measurements
have been performed in order to confirm the predominant
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contribution of zinc cations towards total ionic conductivity.
While XRD studies have revealed the amorphous nature of the
polymer blend system with an increase in the salt concentra-
tion, the porous morphology of the blended polymer electro-
lyte was recognized by SEM. Thus, the prepared blended
polymer electrolytes based on zinc ions under present inves-
tigation exhibits better performance and have expected to of-
fer promising applications in energy storage devices.
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